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Preface e 

"[A]ll"[A]ll  theory depends on assumptions which are not quite true. That is what 
makesmakes it theory" 
(Solow(1956),, 65) 

Myy interest in the subject of this thesis started long ago, with the publication 
off  J-M. Grandmont's 1989-article On Endogenous Competitive Business 
Cycles.Cycles. The occurrence of chaos in an overlapping generation model, based 
onn perfect information and flexible prices was an extension of research I had 
donee before. Another source of inspiration was the 1947-article of R.M. 
Goodwin,, Dynamical Coupling with Especial Reference to Markets having 
ProductionProduction Lags. Both articles laid the foundation of the models developed 
inn part three of this thesis. Starting with this thesis I shared the hope of Jude 
thatt "Once there I shall so advance that my present knowledge will  appear 
toto me but as childish ignorance". (Jude the Obscure, Thomas Hardy, 1895 
(reprintt 1985), 34). Presenting the result of my research here, hopefully, 
provess this statement. 

Chaoss has been a fashionable concept in all sciences during end of the 
twentiethh century. Or, in the words of Terry Pratchett: 
"the"the trouble was that ignorance became more interesting, especially big 

fascinatingfascinating ignorance about huge and important things like matter and 
creation,creation, and people stopped patiently building their little houses of rational 
stickssticks in the chaos of the universe and started getting interested in the chaos 
itselfitself -partly because it was a lot easier to be an expert on chaos, but mostly 
becausebecause it made really good patterns that you could put on a t-shirt. And 
insteadinstead of getting on with proper science* scientists suddenly went around 
sayingsaying how impossible it was to know anything .. . 
**  Like finding that bloody butterfly** whose flapping wings cause all those 
stormsstorms we've been having lately and getting it to stop" (Witches Abroad, 
1993,7/8). . 
***  The Quantum Weather Butterfly (Papilio tempestae) is an 
undistinguishedundistinguished yellow colour, although the mandelbrot patterns on the 
wingswings are of considerable interest. Its outstanding feature is its ability to 
createcreate weather" (Terry Pratchett, Interesting Times, 1995, 13). 

Inn my view rinding "the butterfly" can help to understand human 
behaviour.. Particularly because humans interact with each other and their 
environment,, non-linearities and feedbacks occur: the requirements for the 
occurrencee of chaos. Economic behaviour is not different from other social 
behaviour.. Social relations are at the heart of economics, even when these 
relationss are cast in mathematical equations. 
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CHAPTERR 1 

GENERALL INTRODUCTION 

"The"The economy is a complicated, dynamic, non-linear high dimensional and 
evolvingevolving entity, so studying it will  be difficult. Society and its social system 
bothboth alter over time, laws change and technological innovations occur, so 
establishingestablishing invariants of the system will  not be easy" 
(D.. F. Hendry(1995)/ 5) 

11 Introductio n 

Thee main subject of this thesis is economic fluctuations. Both in the short 
runn and in the long run, economies have always displayed booms and 
depressions.. Prosperity and depression have alternated. Fortunes are made 
andd lost. Unemployment and poverty as well as high employment and 
abundancee occur in successive periods. Examples of these successions of 
down-- and upswings over the past century are given in figure 1.1 
(Netherlands,, 1901-2001) and in figure 1.2 (USA, 1873-1985). 

2000 0 

Figuree 1.1: Yearly growth rates of GDP, 1901-2001 (mean: 2.6 per year). 
1901-1999:: Central Bureau for Statistics (Statline, www.cbs.nl) 
2000-2001:: Central Economic Plan 2001 (CPB, www.cpb.nl) 
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meann - 3.2% per year 

1890 0 1900 0 19200 1930 19*0 0 18700 1880 

Figuree 1.2: The rate of growth in the USA, 1873-1985 
(Barro(1989)) ) 

1950 0 1960 0 1970 0 19800 1990 year 

Businesss cycle theories and research are part of the macroeconomic research 
tradition.. Boehm, in Understanding business cycles (Klein(1990)), identifies 
twoo kinds of business cycles. The dassical business cycle, which is defined as 
recurringg expansions and contractions in the absolute level of aggregate 
economicc activity and growth cycles, which consist of fluctuations in the 
ratee of growth of economic activity (Klein(1990), 28). Figures 1.1 and 1.2 are 
exampless of the second definition. 

AnAn historical approach to the business cycle 
Economistss have analysed time series and developed different theories to 
explainn the succession of prosperity and depression. Controversies between 
differentt business cycle theories stimulated further research. The second 
chapterr of this thesis shall answer the question: Which theories have been 
putput forward to explain economic fluctuations? 

Thee description of business cycle theories follows the approach of 
Haberler(1937).. This historical method can be criticised because it gives an 
interpretationn of historical theories in a modern language1. Yet, many 
insightss from the 'older' theories can be and are used to analyse the modern 
economy.. As in Haberler(1937), the business cycle theories are classified 
usingg the distinction between impulse and propagation mechanism 
(Frisch(1933)).. Here, an analogy with a rocking chair is often used. Picture a 
chairr in rest, which is given a push (the impulse). Depending on the 
presumptionss with respect to the character of the chair (the propagation 
mechanism)) and the force of the initial push different kinds of movement 

1Blaug(1998,, 7/8) calls this method "rational reconstruction" or "absolutism". He concludes 
thatt rational reconstruction is acceptable, when the historical context is accepted. 
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cann result. If it is an ordinary chair, it only moves in one direction, 
immediatelyy resuming its initial position when the pushing force ceases. If 
thee chair is a rocking chair, it can show declining movements (dampened 
fluctuations),, ongoing rocking (continuous fluctuations) or even fall over 
(becomee unstable). 

Somee approaches assume the economy to exhibit a strong tendency towards 
equilibrium.. In this case, both the impulse and the propagation mechanism 
matter.. Fluctuations do occur either as a dampened adjustment after an 
externall  shock or because of continuous exogenous disturbances. These 
kindss of theories are labelled the exogenous approach. 
Otherr approaches see fluctuations as the endogenous result of the structure 
off  the economy. The propagation mechanism ensures continuous 
fluctuations:: each expansion carries the seeds of the following depression. 
Thiss approach is labelled the endogenous approach. 

Thiss distinction is important as it determines the methods used to analyse 
economicc time series. The extreme variant of the exogenous approach tries 
too identify the succession of exogenous shocks, responsible for the ongoing 
fluctuations.. This approach is often augmented by a propagation 
mechanism,, which explains the occurrence of dampened fluctuations after 
thee initial shock. The endogenous approach concentrates on the propagation 
mechanism:: ongoing fluctuations are inherent to economic life. 
Thesee different kinds of analyses also influence the possibilities and the 
methodss to reduce economic fluctuations. When the economy is inherently 
stablee (exogenous approach), fluctuations are caused by misinterpretations 
orr misinformation. To reduce fluctuations, the government should provide 
aa stable environment and perfect information. Discrete policy should 
counterr incidental shocks. Independent government action is often seen as 
onee of the major sources of fluctuations. If, however, the economy is 
inherentlyy unstable, fluctuations are the result of endogenous mechanisms. 
Inn this case it is both possible and desirable for the government to intervene 
inn economic life. 

Att the beginning of the 20th century, mathematics were introduces in 
economics.. The former verbal business cycle theories were rewritten by 
economistss such as Frisch and Tinbergen, who used explicit mathematical 
models.. These models mainly showed dampened dynamics. Fluctuations 
wil ll  only appear for special parameter constellations or are absent. This 
addedd an additional dimension to the controversy over the occurrence of 
economicc fluctuations. Or, as stated by Frisch(1933, 197): "The examples [..] 
showshow that when an economic system gives rise to oscillations, these will 
mostmost frequently be damped. .. Have these dynamics laws deduced from 
theorytheory and showing damped oscillations no value in explaining the real 
phenomena,phenomena, or in what respect do the dynamic laws need to be completed 
inin order to explain the real happenings! .. They only form one element of 
thethe explanation: they solve the propagation problem. But the impulse 

Thee Business Cycle 



1.. Introduction 6 6 

problemproblem remains". According to Frisch (1933, 203) the explanation lies in 
"the"the elucidation of the general laws governing the effect produced by linear 
operationsoperations performed on erratic shocks"'. Or, as Yorke, quoted by Gleick 
(1987,, 68), remarks "When they [investors] see a complicated pattern of 
prices,prices, they look for some periodicity wrapped in a little random noise". 

ChaosChaos and economics 
Thee conclusion that explicit mathematical descriptions of the economy 
generatedd only dampened fluctuations casts doubt on the validity of the 
endogenouss approach to the business cycle. If it is not possible to derive a 
mathematicall  model that could generate realistic cycles, how useful is the 
endogenouss approach? 
Inn 1960, according to Gleick (1987,83), Mandelbrot was surprised to recognise 
hiss chaotic diagrams in time series on cotton prices. As mathematicians 
becamee interested in economic time series, chaos was introduced in 
economics.. Chaotical mathematics makes it possible to describe a seemingly 
erraticc phenomenon using a deterministic model. Even in the absence of 
exogenouss disturbances, continuous fluctuations occur 'as-if' the system is 
disturbedd by continuous shocks. As stated by Pohjola(1981, 37): "Chaotic 
solutionssolutions of deterministic difference systems offer an alternative 
explanation:explanation: non-linearity combined with discrete adjustment mechanisms 
cancan generate the irregularities." The second part of this thesis, chapter three 
andd four, concentrates on the application of 'chaos theory' in economics. 
Thee question to be answered is: 7s it possible to use mathematical methods 
toto build explicit economic models generating endogenous and persistent 
irregularirregular fluctuations? 

Differentt kinds of models are analysed. A drawback of the usage of chaos is 
thee complexity of the mathematics. To avoid this drawback, all models are 
rewritten.. Using the original behavioural assumptions, a logistic equation is 
usedd to prove the possible occurrence of chaos in these business cycle 
models.. The economic analytical question is: Which (behavioural) 
assumptionsassumptions are responsible for the occurrence of fluctuations? 

Thee models in the second part of the thesis focus on the behaviour that is 
responsiblee for the occurrence of chaotic fluctuations, such as consumption 
behaviour,, investment or the setting of the interest rate. In terms of Vercelli 
andd Dimitri(1992, xv) this behaviour concerns the co-ordination of 
individualindividual economic choices and activities. Or, as Leijonhufvud (in Vercelli 
andd Dimitri(1992), 29) asks: "Will  the market mechanism work 
"automatically""automatically" even if people are not so smart?" 

CouplingCoupling and fluctuations 
Anotherr approach states that "each market is an efficient allocative device 
withinwithin its own boundaries, but this does not rule out the possibility of co-
ordinationordination failures across markets" (Vercelli and Dimitri(1992), xvi). Given 
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thee complexity of the aggregate economy, it may deviate from the Walrasian 
equilibrium,, whereas partial markets are adjusting optimally. 
Thee third part (chapter five and six) concentrates on the coupling of markets 
andd the influence of the coupling on the occurrence of economic 
fluctuations.. Building on the conclusions of the former parts, different 
modelss are developed and the influence of several behavioural 
assumptionss analysed. It wil l be shown that even when the partial markets 
aree stable, the aggregate economy can display continuous (chaotic) 
fluctuations.. This raises the economic analytical question: Which is the 
influenceinfluence of inter dependency between different sectors on the dynamics of 
thethe aggregate economy? 

22 Empirical work and stylised facts 

Inn this introduction, data on the Dutch business cycle are surveyed. Broader 
econometricc surveys on the business cycle can be found in several 
publications.. For a comparison of the German and USA-economies, see 
Reiter(1995),, the French and the USA-economy, see Henin(1995), for the 
USA-economy,, see Blanchard and Fischer(1989) and Klein(1990). Barro and 
Sala-i-Martin(1995)) give a review on earlier empirical work on growth and 
neww empirical analyses for several groups of countries. 

Thee business cycle consists of four periods. Expansion or upswing 
(Haberler(1937)) labels it the period of prosperity) is the period in which the 
economyy recovers from the downswing (depression). The upper turning 
point,, the crisis, is the point in the economic development between 
(relative)) growth and (relative) decline. The revival is the lower turning 
point.. Different types of economic cycles are distinguished and are named 
afterr the person first known to have given a full description of the cycle2. 
Tablee 1.1 describes the different cycles. 

Cycle e 

Kondratieff f 

Kutznets s 

Juglar r 

Kitchin n 

Periodd (years) 

40-60 0 

15-35 5 

7-11 1 

4-5 5 

Cause e 

Technologicall  innovations, which change the 
structuree of production 

Fluctuationss in the construction and sales of 
majorr building projects 

Technologicall  neutral changes in the capital 
stock k 

Differencess between the desired and actual 
investmentt in stocks 

Tablee 1.1: Different economic cycles. 

Thee fact that the different cycles coincide, brought Schumpeter to the 
followingg calculation3: 1 Kondratieff ó̂ Juglars =12 Kitchins. The coexistence 

2Seee for example Kondratieff(1926, 1935). 
3Schumpeter(1982// 216). Schumpeter did not take the Kutznets in account, noting: "..the 
three-cyclethree-cycle schema may be looked on as a convenient descriptive device". 
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off  different cycles, with different periods and amplitude, is an additional 
difficult yy for empirical research. 

Thee growth in GNP in the post war years is undisputed. This growth takes 
thee form of fluctuations. Whether these fluctuations are less or similar in 
periodicityy and amplitude compared to pre-war periods is still an open 
question,, which is not answered here4. Despite the difficulties in defining 
andd measuring the business cycle, some agreement is reached on the stylised 
factsfacts of the business cycle (see Blanchard and Fischer(1989); Dore(1993); 
Gabischh and Lorenz(1989); Lucas(1985); Danthine in Newman(1992/ 409-
410)).. The reference cycle, against which all observations are placed, is the 
developmentt of (gross) national production. The following list of stylised 
factss is derived from empirical work on the business cycle and confronted 
withh Dutch data (for the cycles in the growth rate: see figure 1.1). The stylised 
factss are divided into four categories: 
1.. Spending 
2.. Wages and prices 
3.. Monetary factors 
4.. Foreign relations 

1.1. Spending 
-alll  components of domestic spending coincide with the cycle in GNP; 
-fluctuationss in investment are larger compared to fluctuations in 
consumption. . 

Thiss is confirmed by the data taken from the Netherlands. The correlation 
coefficientt of changes in consumption and changes in production equals 0.8 
andd the correlation coefficient of (changes in) investment and production is 
0.66 (see table 1.2). 

2.. Wages and prices 
-theree is littl e correlation between GNP and aggregate wages, but a positive 
correlationn can be found between GNP and manufacturing wages, especially 
whenn measured in consumption prices; 
-labourr productivity moves with GNP; 
-thee variance of fluctuations in price and output in agriculture is larger than 
thee variance of other products; 
-thee amplitude of the fluctuations in profits is larger than the amplitude of 
thee fluctuations in other variables. 

Statisticss for the growth rates of GDP (as a proxy for GNP), consumption, 
investment,, labour costs, productivity and profits are given in table 1.2. 

4Seee Langen(2000b) for arguments pro and contra. 
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Variance e 
Covariance e 
Correlatio n n 
coefficient t 

GDP P 

3.5 5 

Consumption n 

4.4 4 
3.2 2 
0.8 8 

Investment t 

49.1 1 
7.5 5 
0.6 6 

Labour r 
costs s 
3.6 6 
2.2 2 
0.6 6 

Labour r 
productivit y y 

4.7 7 
2.4 4 
0.7 7 

Profi t t 
rati o o 
20.5 5 

5.3 3 
0.8 8 

Tablee 1.2: Growth rates (logs), covariance and correlation in relation with GDP, 1946-2001. 
1946-1953:: Central Bureau for Statistics (1993) and Statline (www.cbs.nl) 
1953-2001:: Central Economic Plan 1972/2001, (CPB, www.cpb.nl) 

Thee correlation coefficient between growth in GDP and labour costs is 
positive,, as was stated by the stylised facts. The variance in the profit rate 
andd in growth in investment is larger than the variance in consumption 
andd labour productivity. The stylised facts on spending and wages are 
confirmedd by the Dutch data. 

3.. Monetary factors 
-correlationn between inflation and GNP is small; 
-wagee inflation has a strong correlation with GNP; 
-moneyy growth and GNP are strongly correlated; 
-nominall  interest rates are pro-cyclical, real interest rates only slightly so. 

Variance e 
Covariance e 
Correlationn coefficient 

CPI I 

6.1 1 
0.3 3 
0.1 1 

Interestt  rate 

8.0 0 
-1.7 7 
-0.3 3 

AM3 3 

13.7 7 
1.2 2 
0.2 2 

Unitt  labour  costs 

17.8 8 
0.3 3 
0.03 3 

Tablee 1.3: Growth rates, covariance and correlation in relation with GDP, inflation (CPI), the 
short-termm nominal interest rate, money growth (AM3) and the labour costs per unit output. 
1946-1953:: Central Bureau for Statistics (1993) and Statline (www.cbs.nl) 
1953-2001:: Central Economic Plan 1972/2001, (CPB, www.cpb.nl) 
1980-2001:: M3, Dutch central bank (www.dnb.nl) 

Tablee 1.3 gives several statistics for the monetary sector. The expected small 
positivee correlation between inflation (CPI = consumer price index) and GDP 
(GNP)) is found in the data. The wage inflation is represented by changes in 
unitt labour costs. There is only a small positive correlation with GDP. The 
relationshipp between money growth (AM3) and GDP is also less strong than 
believed.. The short-term nominal interest rate is negatively correlated with 
growthh in GDP, contrary to the stylised facts. Dividing the total period in two 
givess the following correlation coefficients: 0.16 for 1947-1970 and -0.36 for 
1974-2001.1974-2001. On average, the stylised facts on monetary factors are less evident 
inn the data than the stylised facts on the real variables. 

4.. Foreign relations 
Businesss cycles are international. Fluctuations in small countries depend 
largelyy on the fluctuations in international trade, although cycles in larger 
countriess do deviate from the international business cycle. The cycles are 
asymmetric:: the expansion is slower than the depression. Artis, Kontolemis 
andd Osborn(1995, 24) conclude: ''with the possible exception once again for 
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thisthis last recession [1993], there appears to be greater correspondence in the 
datesdates of troughs across countries than in that of peaks". 

Concerningg the relation between the domestic and foreign fluctuations, the 
correlationn coefficient between the growth rate of world trade and Dutch GDP 
iss 0.73, whereas the variability in foreign fluctuations (12.4) is higher than 
thee variability of Dutch GDP (2.6) over the same period (1970-2001; see figure 
1.3). . 

12,5 5 

Figuree 1.3: Growth rates of adjusted world trade (weighted with the import and export 
shares)) and gross national product, 1970-2001. 
Centrall  Economic Plan 1972/2001, (CPB, www.cpb.nl) 

Thee international dependency of a small open economy, like the Dutch 
economy,, led the commission of economic experts of the social-economic 
counsell  of the Dutch government (Commissie Economische Deskundigen 
vanvan de Sociaal Economische Raad (Social Economie Counsel(1984)), 45 
[translationn from Dutch]) to the conclusion: "From the research it can be 
concludedconcluded that the domestic business cycle is dominated by foreign business 
cycles.cycles. In relation to the foreign influences the Dutch stabilisation policy 's 
influenceinfluence is small". Or, as stated by the so-called 'Law of Driehuis' 
(Sterken(2001),, 199) the growth in Dutch GDP is about 40% of the growth in 
thee relevant world trade. 
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3. . Somee other  relationships 

Inn the third part of this thesis, chapter five and six, two sectors are 
distinguished:: the labour- and the money market. The central relationships 
aree those between the interest rate and the savings rate on one side and the 
wagee share versus production, on the other side. The link between the two 
sectorss is the profit rate. As seen in chapter two, other theories also stress 
thesee relationships as major causes of fluctuations. According to these 
theoriess both relationships wil l show a clockwise movement. The next 
figuress give those relationships based on data for the Netherlands. 

SavingsSavings ratio 
(S/GDP) (S/GDP) 

1953 1953 
InterestInterest rate (%) 

Figuree 1.4: The relationship between the savings rate and the interest rate, 1953-1999. 
Centrall  Economic Plan 1972/2001, (CPB, www.cpb.nl) 

Lookingg at figure 1.4, there is a small positive correlation between the 
interestt rate and the savings rate. If the development of the variables over 
timee is taken in account, there is some evidence for a clockwise non-linear 
relationship. . 

Furthermore,, the wage share-production relationship is approximated by 
thee relationship between changes in the share of labour income in total 
incomee (dAIQ) and changes in production (dY), as shown in figure 1.5. 
Again,, taking in account the development in time, an irregular circular 
movementt can be observed. 

Althoughh these analyses are only scant, there is some evidence that these 
relationshipss are non-linear and can result in cyclical dynamics. In chapter 
two,, the theoretical basis for this relationship wil l be analysed and this 

Thee Business Cycle 

http://www.cpb.nl


1.. Introduction 12 2 

analysiss wil l be used in chapter five and six to develop a model generating 
(chaotic)) fluctuations. 

Figuree 1.5: The relationship between the wage share and production, approximated by 
(changess in) the share of labour income (dAIQ) and (changes in) production (dY), 1953-1999. 
Centrall  Economic Plan 1972/2001, (CPB, www.cpb.nl) 

Lastly,, the time path of changes in the profit share (dP) and changes in the 
levell  of investment (J) are shown in figure 1.6. The relationship is not 
evident,, whereas the correlation coefficient equals 0.5, indicating a positive 
connection. . 

200 n 

dll  profit share 

-155 -1 

Figuree 1.6: The time path of changes in the profit share (dP) and changes in investment (ƒ), 
1970-2000. . 
Centrall  Economic Plan 1972/2001, (CPB, www.cpb.nl) 
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44 Concluding comments 

Insightt in the causes of short-term fluctuations is relevant even today. The 
risee of the 'New Economy', as the information-based economy is labelled, 
hass changed the way business is conducted today. Yet, production still takes 
placee by combining labour and capital. Labour relations have become more 
civilised,, compared to those in the Industrial Revolution, but the 
distributionn of income over the different macroeconomic categories still 
causess many disputes and conflicts. 
Moneyy has become 'plastic money', so the relevance of the old monetary 
aggregatess becomes less. Yet, banks still largely determine the amount of 
creditt available for firms to finance investments and working capital. 
Becausee of the internationalisation, competition is larger than before. 
Moree data are available on more variables, but the problem to distract 
relevantt information for firms has become more severe. Altogether, the 
increasedd demands of consumers, increased government regulations and 
thee increased number of competitors have augmented the complexity of the 
economy. . 

'Old'' mechanisms such as the psychological state of bankers and 
entrepreneurss and the struggle over income still influence the state of the 
economy.. As Blaug(1998) stated, uncritical adoption of the 'old' theories 
wouldd lead to a misinterpretation of these theories. Yet, analyses of the 
underlyingg economic mechanisms are still relevant. 

Chapterr two gives a review of the different approaches to the business cycle, 
withh an emphasis on the economic relationships causing the fluctuations. 
Partt two (chapter three and four) concentrates on the mathematics of chaos 
andd its application to economics. The same economic relationships as in 
chapterr two wil l be encountered. 

Twoo of these relationships are central to part three: the wage share-
productionn relationship and the interest rate-savings rate relationship. The 
firstt chapter in part three (chapter five) assumes the labour and the money 
markett to exhibit fluctuations because of the 'predator-prey' behaviour in 
eachh market. In the terminology of Vercelli and Dimitri(1992), the lack of co-
ordinationn within the market causes these markets to fluctuate. Because the 
marketss influence one another through the profit rate, the aggregate 
economyy wil l also exhibit fluctuations and may even become unstable. 

Chapterr six presumes the behaviour of the economic subjects to be such that 
eachh market moves towards its equilibrium position. However, because of 
thee mutual interdependency, the aggregate economy wil l exhibit chaotic 
fluctuations.. The stronger the local tendency towards partial equilibrium on 
eachh market is, the larger the chance of the appearance of chaos in the 
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aggregatee economy. The lack of co-ordination between markets causes the 
economyy to fluctuate against the wishes of the participants of each market. 

Thee acceptation of this proposition has many implications. The more 
complexx an economy is, the bigger the chance that -because of the lack of co-
ordination-- the aggregate economy fluctuates in a chaotical way. 
Interventions,, which enforce local stability (on each market), enlarge the 
possibilityy of chaotic fluctuations. 

Inn terms of the 'New Economy': when markets become more transparent, 
thee tendency towards partial market equilibrium wil l become stronger, 
stimulatedd also by the higher competition. Because of specialisation, more 
marketss emerge, increasing complexity and co-ordination failures. The 
characteristicss of the 'New Economy' wil l lead to large irregular fluctuations 
whenn the traditional economical mechanisms take the place of the present 
optimism. . 

Thee structure of this thesis can be summarised as follows. Part one 
concentratess on the traditional view of the business cycle. The subject of this 
chapterr were the major stylised facts. Empirical economic fluctuations exist, 
soo in the remainder of this part, chapter two, the question is: Which theories 
havehave been put forward to explain fluctuations? 

Inn this introduction, it was concluded that a problem of the mathematical 
translationn of the verbal business cycles is either the regularity of the 
mathematicall  cycles, or the dampened character of the models, in contrast to 
thee persistent irregular empirical cycles. Part two focuses on the properties of 
chaoss and its applications in economics. This chapter answers the following 
questions: : 
IsIs it possible to use mathematical methods to model economic theories 
containingcontaining continuous irregular fluctuations? 
WhichWhich assumptions are responsible for the occurrence of fluctuations in 
thesethese models? 

Inn part three, two different models are developed building on the theoretical 
foundationss in chapter two and the techniques of part two. Purpose is to 
analysee the effects of the interaction between fluctuating and non-
fluctuatingg markets on the dynamics of the aggregate economy, answering 
thee question: What is the influence of interdependency between different 
sectorssectors on the dynamics of the aggregate economy? 

Chapterr seven summarises the main conclusions in this theses and draws 
somee final conclusions on the outcomes. 
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CHAPTERR 2 

TH EE BUSINESS CYCLE: EXPLANATIONS AND CONTROVERSIES 

"Any"Any answer in terms of a single cause is sure to be wrong" 
(Schumpeter(1982),, 34) 

11 Introductio n 

Theree are significant theoretical controversies regarding both the dominant 
causess and the economic mechanism which generate fluctuations. This 
chapterr highlights the controversy between the endogenous and exogenous 
businesss cycle theories. The endogenous approach is defined here as those 
theoriess that assume the economic system to exhibit persistent fluctuations 
causedd by endogenous relationships. Exogenous cycles are based on the 
assumptionn of a stable, but disturbed, economy, which only displays 
fluctuationss in the presence of exogenous shocks. 

TheThe impulse-propagation problem 
Frisch(1933,, 171) remarks: "we have to distinguish between two 
fundamentalfundamental problems: first the propagation problem; second, the impulse 
problem".problem". The propagation problem describes the structural dynamical 
characteristicss of the system, the impulse problem treats the initial 
disturbancee which distorts the system. An impulse can only lead to 
persistentt fluctuations if the underlying economic structure supports those 
fluctuationss (also see Haberler(1939) and Kyun(1988, 30) who describes it as 
Pigou'ss propagation mechanism). Frisch(1933) concludes that the 'dynamic 
lawss of economics' must show dampened oscillations, founding this theory 
onn the examination of different dynamic economic models and the state of 
mathematics.. It is, therefore, necessary to assume "a stream of erratic shocks 
thatthat constantly upsets the continuous evolution, and by doing so introduces 
intointo the system the energy necessary to maintain the swings" (Frisch(1933), 
197/198).. His explanation of the impulse is based on Wicksell and Akerman 
(Det(Det Ekonomiska Livets Rytmik, Lund, 1928, see Frisch(1933)). The latter 
usedd an analogy of the business cycle as a stream of water flowing in an 
unevenn riverbed with irregular waves. Although Frisch criticised this 
approach,, the theory on waves is, at present, one of the subjects of the 
researchh on persistent (chaotic) fluctuations. Some of this research has 
foundd applications in economics. 
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ExogenousExogenous versus endogenous theories 
Thee division between the original impulse and the propagation mechanism 
cann be used to clarify the classification of business cycle theories. One set of 
theoriess of business fluctuations relies on the regular1 occurrence of shocks, 
thee impulses. These theories are labelled exogenous theories. Within this 
categoryy two approaches are possible. One branch of the exogenous approach 
assumess the economy to adjust immediately to shocks. To explain 
fluctuations,, it has to assume impulses to behave in a wave-like manner. A 
secondd branch assumes, as Frisch, a temporally adjustment process, which 
couldd take the form of fluctuations. These fluctuations vanish in time, so 
thee continuation of fluctuations also requires a continuation of 
disturbances.. In this approach, the explanation of the impulses is as 
importantt as the explanation of the propagation mechanism. 

Otherr explanations of the business cycle concentrate on the structure of the 
economyy (the propagation mechanism) to explain a lasting cycle: the 
endogenousendogenous theories. To do so, certain lags between the key-variables, 
independentt of the original impulse, are assumed to exist. Haberler(1939, 11) 
states:: "historical evidence seems to demonstrate that the cyclical 
movementmovement has a strong tendency to persist, even where there are no 
outstandingoutstanding extraneous influences at work which can plausible he held 
responsibleresponsible .. Exogenous forces will  then figure as the originators of 
disturbersdisturbers of endogenous processes, with power to accelerate, retard 
interruptinterrupt or reverse the endogenous movement of the economic system". 
Thesee theories give primacy to the propagation mechanism, without 
denyingg the occurrence of external disturbances that initiall y cause the 
economyy to deviate from its equilibrium. 

Thiss view differs from that of Gandalfo(1996, 531): "the distinction between 
endogenousendogenous aperiodic behaviour and exogenous aperiodic behaviour is 
slipperyslippery in applied work, since -generally speaking- it depends on the size of 
thethe model. When the small model is considered as part of a larger model, 
somesome of the exogenous influences [stochastic exogenous disturbances] may 
bebe taken in as endogenous variables". Theoretically, there is a difference of 
opinionn on the structural characteristics of the economy (Frisch versus 
Haberler),, although this difference is not always seen as important in 
appliedd work (Gandalfo). 

Thee distinction between endogenous and exogenous fluctuations is relevant 
forr two reasons. First, this distinction is reflected in the empirical work on 
thee business cycle. If the presumption is that fluctuations are caused by 
exogenouss disturbances, the aim of the analysis wil l be to identify those 
disturbancess and their relationship with economic variables (Gandalfo's 
smalll  models). If, however, an initial disturbance causes ongoing 

1Too generate irregular time series in a stable model, the assumed shocks have to be regular in 
appearance,, but irregular in magnitude. 
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fluctuations,, there is reason to search for economic explanations of the 
successionss of booms and depressions (Gandalfo's large models). The 
conclusionss from empirical work have implications for the second line of 
research,, that on the influence of the government on business fluctuations. 
Iff  the economy is inherently structurally stable, the main purpose of 
governmentt policy is to maintain a stable environment with as littl e 
distortionss as possible. It is only when periods of adjustment are too long, 
thatt there is a reason for interventions. 

Whenn the economic relations lead to persistent fluctuations, there is a role 
forr intervention. By changing its own behaviour, the government can 
influencee the outcome of the economic process into a desired direction. In 
thiss case it is important to have knowledge of the source of potential 
disturbancess and the nature of the propagation mechanism. 

RealReal versus monetary 
Anotherr source of discussion is the nature of the impulse and propagation 
mechanism.. Milton Friedman, in correspondence with Snowdon, Vane and 
Wynarczyk,, declares: "Disturbances of all kinds may produce fluctuations in 
economiceconomic activity. Those disturbances may be monetary or they may be real 
ThereThere is no reason why they should be consistently one or the other. As a 
mattermatter of experience, monetary disturbances seem to predominate, though 
otherother disturbances have been important from time to time" (Snowdon, 
Vanee and Wynarczyk(1994), 175). Some, as Friedman, stress the monetary 
structuree as the main source of instability and fluctuations, others give 
priorityy to the real part of the economy. A third group of economists seeks 
ann explanation for the fluctuations in a combination of both. 

Ass the quotations of Friedman and Schumpeter show, almost all 
economistss accept the presence of several kinds of disturbances. There have 
beenn major disputes regarding the dominance of real shocks over monetary 
disturbancess and vice versa. This, however, is secondary to the discussion 
onn the inherent stability of the economy: does the propagation mechanism 
showw persistent fluctuations after a one-time-disturbance or wil l the 
economyy return towards some kind of equilibrium? 

22 Exogenous explanations of the business cycle 

Mostt of the economic thinkers in the eighteenth century did not present an 
explicitt theory of the business cycle. Only after the major economic 
fluctuationss in England and France, after the Napoleonic Wars (1793-1813), a 
discussionn on economic dynamics emerged. Depressions and booms were 
assumedd to be temporary and independent phenomena, not the result of 
regularr fluctuations. The occurrence of regular seasonal fluctuations was 
easilyy explained since, as Blaug(1998, 15) observes, "in seventeenth-century 
England,England, a predominantly rural economy, most unemployment was due to 
thethe seasonal nature of agriculture or to the incidence of poor harvests. Even 
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inin industry, much unemployment was seasonal, as winter ice or spring 
floodsfloods interrupted the functioning of the water-powered mills". Classical 
economistss such as J. Mil l and J. B. Say explained the occurrence of the 
depressionn as part of the adjustment process after an exogenous shock: the 
economyy moves from one equilibrium position to another. 

Laterr in the nineteenth century other economists became interested in the 
relationshipp between periods of recovery and depressions. One of them was 
W.. S. Jevons (see Duindam(1992)). His business cycle theory started from the 
statisticall  observation of the similarity between economic fluctuations and 
thee periodic occurrence of sunspots. Sunspots influence the average 
temperature,, which determines the size and quality of harvests. 
Fluctuationss in the supply of agricultural products did cause major 
fluctuationss in the costs of living (and the wages), production of industrial 
productss and trade. More sophisticated measurement of the sunspot cycles 
andd the declined importance of the agricultural sector have undermined the 
relevancee of this theory. 

Thee term 'sunspots' is still in use in economics. Cass and Shell (1983) and 
Azariadiss and Guesnerie (1986) have done initial work on sunspots. 
Azariadis(1993,, 426) uses an economy described by a general function to 
illustratee the occurrence of sunspots: 

xxtt + l=f( xt'fit) + et + l 

thee state vector at t and r+1 
parameterr vector, representing preferences, production 
possibilities,, initial endowments and population, which can 
changee in time. 
ann arbitrary random variable, i.i.d. on [-a, a] around zero, with 
zeroo mean 

Azariadis(1993)) then assumes a stationary deterministic structure with (A 
constantt (given preferences, production possibilities, population and initial 
endowments).. "Any randomness remaining in the solution [of the equation 
above]]  must come from extraneous or psychological factors for which David 
CassCass and Karl Shell(1980) have invented the convenient name "sunspots". 
Furtherr on, Azariadis(1993, 477) remarks: "There are all sorts of 
intermediateintermediate possibilities whose realization depends on public beliefs, that 
is,is, on what variables individuals consider to be salient for economic 
prediction.prediction. .. many forecasting rules turn out to be consistent with rational 
expectationsexpectations and each one supports an equilibrium that allocates a distinct 
randomrandom consumption bundle to each consumer. We call these allocations 
payoff-relevantpayoff-relevant sunspot equilibria... sunspot allocations are Pareto 
dominateddominated by the corresponding non-sunspot outcomes because the 

With: : 
XtrXtr Xt+l = 

£t £t 
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sunspotssunspots inject spurious noise in an economic environment whose 
fundamentalfundamental structure may very well be quite stable". 
Thee role of expectations is discussed later in this chapter. In terms of Frisch, 
f(x,f(x, //) is the propagation mechanism and e the impulse. 

Thee importance of exogenous shocks carried over into the post-war 
economicc theories. The sources of fluctuations were not at the centre of the 
disagreement,, rather it was the possibility of the government to intervene, 
too stabilise the economy. The dominant economic theories in this period 
weree the Keynesian and the monetarist approaches. The monetarist stance 
inn this debate was mainly the adherence to the long-term stability of the 
economy.. Government policy is at its best ineffective, at its worst pro 
cyclical. . 

EarlyEarly Keynesian business cycles 
Buildingg on the work of J. M. Keynes in "The General Theory of 
employment,employment, interest and money"(1936), Samuelson(1939), J. Hicks(1950) 
andd R. Goodwin(1951) developed different versions of the multiplier-
acceleratorr models, using a relationship between income and fixed capital. 
Otherr variations of the accelerator-multiplier model, as for example, 
Metzler(1941)) proved that inventories could play the same role as 
investmentt in fixed capital. Inventories are held to smooth out production, 
accordingg to differences in sales over time (see Gabisch and Lorenz(1989), 
53).. Fluctuations in these models depend on the structure of the economy, 
ass modelled by the lagged reaction of consumption and investment to 
changess in disposable income. The different multiplier-accelerator models 
takee a variation of the following formulation: 

YYtt + 1 = ccYt + PYt_l + xYt-2
+A0 

With: : 
YY = (national) income 
tt = period 
AQAQ = autonomous spending 
Of,, & % = parameters 

Thee 'multiplier-accelerator'-economy exhibit several kinds of dynamics, 
dependingg on the parameters (a, /? and x) as given in table 2.1. 

Cyclicall  Monotone 
Dampenedd Cyclical towards Y*  Monotone towards Y* 
Stablee Regular cycles around Y* Instantaneous realisation of Y* 
Explosivee Explosive cycles Explosive linear development 
Tablee 2.1: The dynamics in the multiplier-accelerator model (Y*= equilibrium position). 

Explosivee behaviour is ruled out as it is not observed in reality. The 
occurrencee of regular cycles depends strongly on specific parameter 
constellations.. Therefore, it was initially assumed that a 'multiplier-
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accelerator'-economyy would exhibit dampened dynamics. In this case the 
occurrencee of business cycles depends on exogenous shocks in AQ and is 
labelledd exogenous here. When the model is adjusted, endogenous cycles 
aree possible. This case wil l be treated in the next section. 

NewNew Classical business cycles 
Whenn growth declined in the seventies and especially after the failure of 
Keynesiann demand policy to provide a remedy for the depression following 
thee first oil price shock in 1974, both governments and theoretical 
economistss returned to the classical theories of the business cycle. 
Theoretically,, the Keynesian macroeconomics was criticised for the absence 
off  a microeconomic foundation. A new approach was developed building 
uponn classical microeconomic insights. This set of models became known as 
thee new classical economics, because of the emphasis on the market clearing 
featuree of prices and the optimising behaviour of consumers and producers. 
Itt is also called the rational expectations revolution due to the assumption 
off  the rational formation of expectations, in the sense of Muth2. A problem 
forr the new classical economist was the explanation of fluctuations (see 
Lucas(1985),, 7). When economic subjects know both the data and the true 
structuree of the economy, there is no reason for the economy to deviate 
fromm its long-term growth path. Two different explanations were developed 
fromm the equilibrium approach. 

RationalRational Expectations 
R.. E. Lucas introduced imperfect information in a monetary rational 
expectationss model. As was concluded in his 1979-article3: "This paper 
developsdevelops a theoretical example of a business cycle, that is a model economy 
inin which real output undergoes serially correlated movements about a trend 
whichwhich are not explainable by movements in the availability of factors of 
production.production. The mechanism generating these movements involves 
unsystematicunsystematic monetary-fiscal shocks, the effects of which are distributed 
throughthrough time due to informational lags and an accelerator effect. Associated 
withwith these output movements are (i) pro cyclical movements in prices, (ii) 
propro cyclical movements in the share of output devoted to investment, and 
(Hi),(Hi), in a some-what limited sense, pro cyclical movements of the nominal 
interestinterest rates. This behaviour is obtained under the assumptions about 
expectationsexpectations formation which seem suited to the study of a recurrent event: 
agentsagents are well aware that the economy goes through recurrent 'cycles' 
whichwhich distort perceived rates of return. On the other hand, the transitory 
naturenature of real investment opportunities forces them to balance the risk of 
incorrectlyincorrectly responding to spurious price signals against the risk of failing to 
respondrespond to meaningful signals.". 

2Zijp(l992)) gives an analysis of the differences between the new classical economics and the 
Austriann economics, also treating the formation of expectations. 
33 An equilibrium model of the business cycle. Journal of Political Economy, 83 (Dec. 1979), 1113-
1144,, reprinted in Lucas(1985,179). 
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Lucass uses the idea of Phelps-islands (see also Chari(1999)). Each producer 
livess on an island (its own industry or branch). The producer has good 
knowledgee of the situation of its own market, but imperfect information on 
thee total economy. Assume the government to finance its spending by the 
creationn of new money. This stimulates nominal demand and raises the 
pricee level, on a macroeconomic level. The producer observes only a rise in 
demandd for its own good. The decision to be taken is that of whether the 
observedd rise in demand is a rise in (real) market specific demand or a 
(nominal)) rise in the general price level. Depending on the historical 
fluctuationss in the general price level, the producer chooses the amount of 
production.. In a non-inflationary environment, the rise in nominal 
demandd leads to an expansion in production. The rise in production 
depressess prices, since real demand stayed constant. As more information 
becomess available in time, it becomes clear that the rise in demand was a 
generall  nominal rise. The decline in nominal demand, however, again 
surprisess some producers, causing production to decline. Depending on the 
structuree of the economy, the initial rise in the money supply generates 
dampenedd fluctuations, when expectations are adjusted to experience. Of 
coursee in a historically inflationary economy, a rise in nominal demand has 
littl ee or no impact. The learning-effect causes the equilibrium approach to 
thee business cycle to conclude that systematic monetary policy is ineffective. 

RealReal business cycles 
Thee new classical approach depends strongly on the reoccurrence of 
monetaryy shocks and imperfect information. Given a learning process of the 
maximisingg individuals and the faster availability of information on 
monetaryy aggregates, some economists viewed these assumptions as 
unlikely.. Keeping the equilibrium concept central, attention shifted towards 
reall  shocks, causing the real business cycle approach to emerge. The real 
businesss cycle approach seeks the impulses of the business cycle primarily in 
reall  changes in technology, as measured by the Solow-residual, or 
preferencess of the consumers; no distinction is made between growth and 
cyclicall  fluctuations. This approach emphasises the intertemporal 
substitutionn between leisure and consumption on one side and the natural 
ratee hypothesis on the other. The fluctuations are the result of adjustments, 
ass the economy moves from one equilibrium growth path to another and 
thee accompanying smoothing of consumption over time (as was the belief 
off  the classical economists). Adjustments are time-consuming because the 
timee to build-mechanism. Kydland and Prescott(1982) give an early example 
off  this model (see Blanchard and Fisher(1989), chapter 7 for other examples). 
Here,, we follow King, Plosser and Rebelo(1988,1 and II) , from here 
KPR(( 19881 or 1988II), in their description of the basic real business cycle 
model.. They assume many infinitely lived individuals to maximise a 
concavee utilit y function with leisure and consumption as goods. In order to 
ensuree a feasible steady state, the following restrictions are made: 
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A.. on production: ''permanent technical change must be expressible in a 
laborlabor augmenting form" (KPR(1988I), 200). 
B.. on preferences: 
i-- the intertemporal elasticity of substitution in consumption is invariant to 
thee scale of consumption. The marginal product of capital equals one plus 
thee real interest rate, and is constant in the steady state. The marginal 
discountedd utilities also equal one plus the interest rate, so "the 
intertemporalintertemporal elasticity of substitution must be constant and independent of 
thethe level of consumption" (KPR(1988I), 201); 
ii -- the long-term income and substitution effects of sustained growth in 
labourr productivity do not change the labour supply, because hours worked 
inn the steady state cannot grow. 
Combined,, these assumptions imply that -given the initial ratios to be the 
resultt of utility - and profit maximisation- the levels in a new equilibrium 
changee but their comparative ratios stay constant. 

Productionn takes place using capital and labour. Markets are assumed to 
clearr because of the adjustments in (flexible) prices. Temporary shocks in 
technologyy are modelled as changes in total factor productivity, whereas 
permanentt technological changes wil l take place through changes in labour 
productivity.. KPR(1988I) shows the existence of a general growth 
equilibrium,, assuming labour productivity to grow at a constant rate. The 
pathh of efficient capital accumulation is approximated by4: 

oo o 

kktt + l=»l ict+V/lAt+V/2 2 /^^t + j + l <Z L 1 > 
77 = 0 J 

With: : 
KtKt = capital stock 
XtXt = level of labour productivity in period t 
kktt=K=K tt/X/Xt t 

kktt=\og(k=\og(ktt/k) /k) 

kk = equilibrium value of capital, in terms of X 

A\A\ = log-^ = percentage deviation of actual total factor productivity (At) 

fromm equilibrium total factor productivity (A) 
Wl,Wl, ¥2 - functions of the preferences and technology 
Ml// M2 = coefficients 

Ass KPR(1988I, 206) state: "The dynamics of capital accumulation depend on 
thethe previous period's capital stock with coefficient fa- In addition, with 
time-varyingtime-varying total factor productivity, the optimal solution for capital 

4KPR(1988I,, 206), equation (3.7), symbols as in KPR(1988I). 
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accumulationaccumulation depends on the current productivity level (A^) and on the 
entireentire future time path of displacements to productivity 'discounted' by \ii" '. 
Too satisfy the transversality condition it is necessary for f*i  to be smaller 
thann I5. Equation (2.1.1) then shows a monotone movement towards the 
steadyy state. A persistent shock to technology does only influence the level 
off  the equilibrium growth, not the relative proportions. 

Threee propagation mechanisms explain the occurrence of cycles: 
1.. 'Time to build': the intertemporal effect of capital accumulation. 
2.. The intertemporal substitution of leisure: the trade-off between leisure 
andd consumption. This mechanism explains the difference in reaction of 
labourr to a permanent and a temporary technological shock. A rise in 
incomee has a substitution-effect: the opportunity costs of leisure rise, so 
theree is an incentive to provide more labour. Also, there is an income-effect: 
incomee rises as the same amount of labour is provided, inducing the supply 
off  labour to fall. The total effect of a rise in labour productivity (and the 
accompanyingg rise in wages) depends on the relative weight of both effects. 
Whenn the shock is perceived as permanent, the substitution effect is nil so 
onn average the short run labour supply declines. If the rise in income is seen 
ass temporary, the substitution effect is high and labour supply rises. 
3.. the interest rate or wealth-effect: as total productivity rises, so does the 
interestt rate. An increase in the interest rate decreases the discounted value 
off  future wages (wealth) and makes it more attractive to work today. 
Individualss accumulate wealth (capital), inducing them to work additional 
hours,, despite the low real wage rate. When wealth rises towards its 
equilibriumm value (in the absence of new shocks) consumption wil l catch 
up,, real wages rise and hours worked decline. 

Comparingg the conclusions of the model and data on the United States 
KPR(1988I,, 231) conclude that "the basic neoclassical model is capable of 
replicatingreplicating some stylized facts of economic fluctuations", so "the principle 
serialserial correlation in output -one notable feature of economic fluctuations-
derivesderives mainly from the persistence of technology shocks" (In a sense this 
conclusionn is foreseen by Frisch(1933), 198/203). 

Inn KPR(1988II) extensions of the basic model are analysed (stochastic 
technologicall  change, endogenous technological change, sub optimal 
equilibriaa and heterogeneity in consumers). The conclusions of the basic 
modell  do by-and-large carry over to the more complicated models. The 
debatee between the real business cycle theorists and other economists is still 
active.. Snowdon, Vane and Wynarczyk(1994) give an overview of this 
discussion.. One conclusion of the real business cycle approach makes this 
approachh very vulnerable to criticism: because of the reliance on the 

5Moree specific, 0<^1<1<^*" 1</X 2, with (/*i , fi^ the roots of the first-order dynamic system in k 

andd X (the shadow price of capital) and fP the rate of time preference, see KPR(1988I, 

203/204). . 
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intertemporall  substitution between consumption and leisure, all 
unemploymentt is due to the consumer's free choice. 
Thiss might be true for some individuals, especially in prosperous times, but 
itt is doubtful that depressions are caused by the preference for leisure of 
largee groups in society. 

33 Endogenous approaches to the business cycle 

Inn the same period as the classical economists, other economists such as J. 
Sismondii  de Sismondi and T. R. Malthus developed the under-
consumptionn theory, which sought to give an endogenous explanation of 
depressions.. The under-consumption theory is not a true business cycle, in 
thee sense of an explanation of both depression and booms. As with the 
exogenouss classical theories, growth was seen as the 'natural' state of the 
economy.. Neither author, however, depends on exogenous shocks for the 
economyy to leave its equilibrium growth path, but endogenous influences 
causee the economy to go into a depression. 

Malthuss and Sismondi see the unequal distribution of wealth as the 
primaryy cause of the crisis. Malthus assumes the owners of capital and land 
too save more than the wage earners. In a growing economy, the wealth of 
land-- and capital owners grows faster than wage income, increasing savings 
andd depressing consumption. The optimal ratio between savings and 
consumptionn is disturbed, and overproduction results. Demand for 
consumptionn goods declines but the production capacity rises with the 
savings.. This results in a depression, with declining prices and profits. The 
declinee in profits enlarges the depression. 
Thee French economist Sismondi emphasises the complexity and lack of 
planningg in the capitalist economy. Due to this, producers have only one 
sourcee of information: present prices. Current prices determine future 
supply,, since the behaviour of the competitors and the potential buyers is 
unknown.. In this sense Sismondi can be called a forbearer of the new 
classicall  economists. Secondly, current income, which determines current 
consumption,, is production from the former period. When the economy is 
growing,, present consumption is always smaller than present production: 
theree is an ongoing tendency toward overproduction (under-consumption). 
Thiss results in periodic crisis. Prices only adjust slowly because of the 
imperfectt information. Only after a depression, in which the distribution of 
wealthh adjusts towards its old proportions, growth returns. As before, 
growthh causes overproduction, a crisis and a depression. Again, growth is 
thee normal state of the economy, only negative deviations of this trend 
havee to be explained. 

Inn the same period J. Mill s (Credit cycles and the origin of commercial 
panics,panics, 1867, see Mullineux(1990), 64) published his theory of the 
psychologicall  cycles. According to Mill s the business cycle is monetary in 
nature.. The economic cycle is caused by the cycle in the psychology of 
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businessmen.. Depending on the psychological state of the entrepreneur and 
thee banks, entrepreneurs ask for credit and banks wil l supply or deny it. The 
psychologicall  state behaves in a cyclical way. Starting with a panic, this leads 
too the refusal of credits and the withdrawal of loans. The following period of 
depressionn sees a restructuring of the economy. Less profitable investment is 
writtenn off and firms without sufficient profit opportunities go bankrupt. 
Thiss raises the average profitability, confidence builds up and credit 
opportunitiess become larger. This optimism creates a boom. Eventually, the 
optimismm wil l lead to much risk taking, causing business failures, a 
downfalll  and a panic. Although the psychological state of the businessman 
iss outside the domain of economic reasoning, the interdependency between 
behaviourr and economic state makes us categorise this theory with the 
endogenouss business cycles. This economical-psychological explanation of 
thee business cycle became part of many modern theories. 

3.11 Disproportionalit y and the business cycle 

Thee interdependency of booms and recessions became recognised by many 
economists,, as can be seen from the work of Jevons and Mills . The business 
cyclee was seen as the result of a deviation between the structure of 
productionn and the structure of demand (the disproportionate production 
argument)) as described in the theories of Mai thus and Sismondi. Business 
cyclee theories try to give an answer to the cause of this disproportionality. 

Haberler(1939)) distinguished three kind of economic decisions: 
1.. the decision between saving and spending of income; 
2.. decisions about the distribution of spending regarding different consumer 
goods; ; 
3.. decisions of producers about the distribution of inputs regarding the 
differentt stages of production. 
Whenn the structure of production does not match the preferences according 
too consumption and saving (the first economic decision), Haberler speaks of 
verticalvertical maladjustment. This is caused by the difference between saving and 
investment. . 
Itt is also possible that the structure of production deviates from the desired 
structuree of consumption (the distribution of demand over different kinds 
off  consumption goods, because of decisions of the second and third kind). 
Thiss is horizontal maladjustment: the producers invest in the production 
processs (investment equals savings), which produces goods that are not in 
demand.. Other goods are in excess demand, due to the misdirection of funds 
inn production. 

VerticalVertical maladjustment 
M.. Tugan-Buranovsky and A. Spiethoff are two early representatives of the 
firstt approach. The fundamental source of fluctuations lies in the difference 
betweenn saving and investment, causing changes in the structure of 
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productionn of capital goods. Although monetary factors play a part in their 
businesss cycle theory, it is only a passive secondary role. 
Thee upswing starts when investment rises, as funds are accumulated during 
thee depression and new profitable investment opportunities arise. The 
spendingg on capital goods and 'investment goods' (inputs for the production 
off  capital goods) increase income. This rise in income stimulates further 
increasess in investment, but also raises the prices of capital- and investment 
goods.. Profits rise causing a greater availability of (internal and external) 
fundss and an emerging optimism. Seemingly there is no reason why this 
expansionn wil l not go on, but "it  is an actual shortage of capital that brings 
aboutabout the crisis .. capital shortage does not mean simply a deficiency of 
monetarymonetary funds, but is the symptom of a serious disproportion in the 
productionproduction of certain well-defined types of goods .. over-consumption 
whichwhich leads to a scarcity of capital and brings about the end of the boom" 
(Haberler(1939),, 75). 

Duringg the upswing wage-income rises as the demand for labour rises. The 
propensityy to save out of wages is below the savings rate of profit income. 
Thee demand for producers' goods declines and the demand for consumers' 
goodss increases at the end of the upswing: "they [the capital goods 
industries]]  will  be depressed although, or even because, the consumers' 
goodsgoods industries prosper" (Haberler(1939), 78). The sector producing 
consumers'' goods can only slowly expand as production factors (money, 
labourr and materials) are used by the increased production of producers' 
goods. . 
Savingss are too low (over-consumption) to finance the expansion in the 
productionn of producers' goods. Both producers of capital and consumption 
goodss wil l compete for additional credit, which raises the market interest 
rate.. Profitability declines in the producers' goods sector, which wil l depress 
investmentt further. The actual downswing is characterised by "[P]essimism 
andand reluctance to invest and to embark on new enterprises .. The process of 
contractioncontraction also has a cumulative nature. Pessimism and reluctance to 
investinvest cause a shrinkage in the volume of purchasing power. .. everything 
thatthat increases the rate of savings (e.g., inequality in the distribution of 
income)income) has a depressing influence .. Prices fall and this intensifies the 
prevailingprevailing pessimism" (Haberler(1939), 79-80). Pessimism, hoarding of 
money,, restricted credit and rising interest rates cause a restructuring during 
thee downswing. The severity of the downswing depends among others on 
thee way the firms and banks react to the initial crisis. When there is a large 
financiall  reaction and many bankruptcies the downswing wil l be large. 
Whenn the downward adjustments take place at a slower pace, only a 
relativelyy small depression wil l result. 

"The"The state of depression is interrupted (a) because it creates automatically a 
situationsituation favourable to the revival of investment [large accumulation of 
funds,, declining interest rates and wage rate], (b) because pessimism 
disappearsdisappears with the lapse of time, and (c) because of the introduction of 
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stimulistimuli from outside [new markets, new inventions (in the sense of 
Schumpeter)]""  (Haberler(1939), 84). This causes a new upswing. An 
additionall  argument for the occurrence of the upswing is the need for 
replacement.. Assuming the majority of capital goods to be installed during 
thee same period, some of it has to be replaced in a future period, starting a 
neww investment boom. 

HorizontalHorizontal maladjustment 
Theoriess of the second approach, the horizontal maladjustment approach, 
assumee equality between savings and investment. The cyclical fluctuations 
aree caused by a lag between investment and the actual production. 
Adjustmentt of the capital stock to the expected final demand is time 
consuming.. Production (emerging at the end of the production period) is 
basedd on expectations and observations at the beginning of the production 
period.. This can be illustrated using a simple model based on the models of 
M.. Kalecki (see A Macro-dynamic Theory of Business Cycles (1935), 
reprintedd in Kalecki(1971)). 

recoveryy recession 

D D 
A A 
/ / 

Figuree 2.1: The Kaleckian business cycle; A gives the cycle of the production of capital goods, 
DD the installation of investment and I the orders of capital goods. The time between ordering 
andd instalment is 8°. 
Kalecki(1971,, 10) 

Thee Kaleckian economy is divided into two sectors producing capital goods 
andd consumer goods. In society there are two classes, capitalists, who save 
theirr total income (profits) and workers, who consume their total income. 
Whenn the capitalists who produce the consumption goods expect a rise in 
futuree demand, they invest. They order more capital goods than needed for 
replacementt (depreciation). Production and instalment of the capital good 
takee one period. So the orders in period t become productive in period t+1. 

6Kalecki(1971)) estimates the following cycles: 
I-UI-U  = flsin0.63f 
A-UA-U = 0.98«sin0.63(f-0.3) 
L-UL-U = «sin0.63(f-0.6) 

Withh U= (constant) depreciation, L= deliveries, 1= investment orders and A= output of 
capitall  goods. Note the terminology used by Kalecki is different from the one used above. 
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Duringg the production process, labour income and profitability rise. The rise 
inn profitability causes net investment in the second sector to rise. The rise in 
labourr income stimulates demand in the consumption good sector. Prices of 
consumptionn goods rise because supply is given, as the ordered capital goods 
aree not yet installed. This increases profitability in the consumption goods 
sector,, again advancing orders for capital goods (investment). 
Inn the next period, the capital goods are installed in the consumption goods 
sector.. When the production increases above demand, the price of the 
consumptionn good declines, so the desire to invest also declines. Delivery of 
capitall  goods depends, however, on orders in the former periods. The 
additionn to the capital stock goes on for some periods. Due to the decline in 
orderss for capital goods income in this sector decreases. Demand for 
consumptionn goods declines and lowers investment. Orders for capital 
goodss from the consumption goods sector decline below depreciation. 
Productionn capacity also declines. In time, this causes the supply of 
consumptionn goods to decline below demand, prices are rising and again 
orderss are placed for new capital goods: starting a new cycle. The short-term 
fluctuationss are caused by the lag in adjustment between the supply of and 
demandd for consumption goods, which is based on the lag between the 
orderingg and installation of the new capital good. 

Thee business cycle theory of Kalecki shows similarities with the multiplier-
acceleratorr models of Samuelson(1939) and Hicks(1950) (see paragraph two): 
investmentt is the leading force in the economic dynamics. Whereas Kalecki 
viewedd investment as determined by the level of profits, the Keynesian 
modelss saw changes in the capital stock as a reaction to changes in demand. 
Inn the former section we labelled the linear multiplier-accelerator models as 
exogenous,, because regular cycles are only possible for specific values of the 
parameterss and the observed fluctuations are less regular in amplitude and 
period,, so only dampened fluctuations are likely to occur. Hicks(1950) 
combinedd growth and the possibility of a larger variation in the parameters. 
Thee propagation mechanism is as described previously. The accelerator is 
assumedd to take a value that gives explosive fluctuations. The fluctuations 
doo not destroy the economy because production is restricted from above by 
thee maximum production possibilities of the economy (given the available 
resources).. The lower limi t of change is given by autonomous investment 
minuss depreciation. When investment reaches the floor or ceiling, only the 
multiplier-effectt is active, stabilising the system. These models are known as 
floor-ceilingg models (see Gabisch and Lorenz(1989), 60-62). Goodwin(1951) 
alsoo describes a non-linear accelerator model. 

Laterr work on non-linear multiplier-accelerator models showed the 
possibilityy of chaotic behaviour. Extensions of the Goodwin and the Kaldor 
modell  are given in Gabisch and Lorenz(1989). For a chaotic version of the 
Hicks-model,, see Hommes(1991,1993). Both the floor-ceiling models and 
thee chaotic versions of the multiplier-accelerator model can be labelled 
endogenouss theories. 
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3.22 Other  real endogenous business cycles 

Predator-preyPredator-prey models 
Anotherr approach originates with Richard Goodwin (Goodwin(1967), also 
seee Goodwin(1987) for an historical review). The predator-prey model is 
basedd on biological models modelling the war of existence between two 
populations7.. The two competing species in Goodwin's model are labourers 
andd capitalists. The labourers receive a wage income. The remainder of 
productionn is profit income for the capitalists. In the simple version of the 
model,, total wage income is consumed and profit income is saved. 
Thee Phillipscurve determines the wages: a high level of unemployment 
causess the wages to decline. Unemployment results as the growth in 
demandd for labour (determined by the rate of capital accumulation and 
growthh in labour productivity) is below the growth in labour supply 
(determinedd by growth in population). Growth in labour productivity and 
populationn are assumed exogenous, capital accumulation is determined 
withinn the model. When profits rise, capitalists invest, so the capital stock 
grows.. As the growth of capital (and labour demand) exceeds the growth of 
population,, wages rise and profits decline. The period of expansion (fast 
growthh in output) comes to a stop. Capital accumulation decreases, 
depressingg the demand for labour. A period of depression begins (lower 
growthh of output). The declining capital accumulation leads to 
unemployment.. This depresses the wage share in income, restoring the 
profits.. Slowly, investment wil l pick up. The accompanying rise in 
productionn causes a new expansion to start again. During the expansion 
employmentt and the wage share rises. Wages prey on profits, as the lynx on 
thee hare in Hudson Bay (Rosser(1991), 237). 

Investmentt depends on the profit income, as in the Kalecki-model, whereas 
investmentt in the multiplier-accelerator model depends on demand. Cycles 
inn predator-prey models exist for more parametric values than in the 
multiplier-acceleratorr models. Given the initial position, each parameter 
configurationn in which 'the predator does not kil l all the prey' is stable (see 
Rosser(1991)) on the equivalence between economics and ecological systems) 

ModernModern Keynesian models 
Thee critique on the micro-foundation of the traditional Keynesian models 
ledd to a reinterpretation of Keynes' theory. Two approaches were developed: 
thee neo-Keynesian theory (see Malinvaud(1977)) and the new-Keynesian 
approachh (see Mankiw and Romer(1992), vol. 1 and 2). Business cycle theory 
iss never been at the core of those two approaches. Their main goal is to give 
aa micro-economic explanation of the short-term inflexibilit y of prices and 
wages. . 

^Thesee models were introduced independently by Volterra and Lotka, hence the Lotka-
Volterraa model. See Gandalfo(1980, 448-481), for a mathematical treatment. 
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Benassy(1986)) developed a business cycle theory, based on the neo-
Keynesiann model. He assumes a Phillipscurve, so prices and wages adjust 
slowlyy when notional demand and supply are not balanced. Trade equals 
thee minimum of effective demand and effective supply. Investment is 
madee endogenous assuming a structure similar to that in the multiplier-
acceleratorr model. The starting point is a Walrasian equilibrium where 
notionall  demand and supply on the goods and labour market coincide. 
Presumee a positive demand shock, so demand for goods increases. Prices 
andd wages remain constant in the short run. Firms would like to produce 
more,, but cannot hire additional labour since no more labour is being 
supplied.. This causes the wages and prices to rise in the intermediate term. 
Thee rise in wages induces households to supply more labour, so production 
cann rise. Assuming real wages to rise after the demand shock, production 
wil ll  rise less (repressed inflation). Rising real wages stimulate further 
demandd for goods. 
Whenn prices start to adjust, both real demand and real wages fall. After full 
adjustmentt of the wages and prices the economy returns to the initial 
Walrasiann equilibrium. Due to the assumed structure of investment, the 
declinee in production towards the equilibrium wil l cause the production to 
'undershoot'' the equilibrium as in the multiplier-accelerator model causing 
too move the economy in the region of Keynesian unemployment. 

Nominall  and real rigidities result in quantity-adjustments in the short run. 
Althoughh no explicit business cycle theory emerged from the new 
Keynesiann approach, it should be possible to combine the accelerator model 
withh the slow price and wage adjustments, as explained above. This shows 
thatt to explain the business cycle, using the Keynesian approach, it is not 
onlyy necessary to assume slow adjustments in prices and wages, but it is as 
importantt to assume (and explain) the lagged reaction of investments to 
changess in production and demand. 

3.33 Monetary business cycle theories 

Thee classical monetary theory and the modern monetarists incorporate the 
quantityy approach to money in their models. Given the full utilisation of 
resourcess and a constant rate of velocity, the supply of money influences 
onlyy the general price level. A distortion can have real effects in the short 
run.. In the long run, the economy returns towards its real equilibrium. The 
followingg theories see the banking sector as a source of instability, causing 
nominall  and (or) real changes. 
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ClassicalClassical monetary business cycles 
Hawtrey88 takes the most extreme position on the monetary theory of the 
businesss cycle. He explains the business cycle as a purely monetary 
phenomenon.. The cycle is the result of the incapability of the banking 
systemm to adjust the real interest rate when the value of money changes. 
Iff  the economy is on a long-term growth-path, real demand for goods equals 
reall  supply. Depending on the (expected) sales and the interest rate, firms 
decidee on the desired level of stocks and adjust their actual stocks. 
Consumerss divide their income over consumption and desired cash 
balances.. Hawtrey assumes a lag between a rise in income and the moment 
att which the cash balances become deposits. A rise in deposits increases cash 
reservess of the banks. The banks supply interest-bearing credits to the firms 
too finance their production. In the expansion phase of the business cycle the 
bankss have large reserves at their disposal. This stimulates the supply of 
creditt at low interest rates. The availability of cheap credits causes a rise in 
production,, increasing income. The rise in income raises expected sales, 
causingg the desired level of stocks to rise also. Prices increase when the 
demandd for goods increases, so the rise in profits stimulates (speculative) 
stockholdings.. This stimulates the demand for credit and the expansion of 
production.. Wages adjust slowly as production increases. The lag between 
thee rise in income and the rise in bank reserves causes demand for credit to 
risee faster than reserves. The ratio of credit to reserves also rises. In reaction, 
thee banks increase the interest rate and lower credit supply. The desired 
levell  of stocks declines because of the higher financing costs. The credit 
rationingg and the decline in desired stocks decrease production. Depression 
wil ll  result. During the depression less credit is demanded but initially 
depositss still rise, as income is turned into deposits. The ratio credit-reserves 
decliness toward its desired level. When credits are at or below their desired 
level,, banks start to lend again and the interest rate declines. This creation of 
moneyy through bank lending causes the economy to expand. There can be 
transitoryy real effects due to the monetary cycle but there are no structural 
changes. . 

AA combination of the pure monetary cycle and the real theories of the 
formerr section was developed by a group of economists, especially Wicksell 
andd Hayek. A common feature of these kinds of business cycle theories is 
thee view of the monetary sector as cause of the cycle, followed by changes in 
thee structure of production, which cause the fluctuations to persist. We 
presentt the cycle as described by Hayek (see Hayek(1931,1933), also see 
Haberler(1939),, Kyun(1988) and Zijp(1992) as examples of this approach). 

^Thesee ideas are older, also see S. Hollander, Mil l on growth, the cycle and the law of 
markets,, in Eatwell(1987, 474-475), quoting Mill , J.S., The currency question, Westminster 
review,review, 41, June 1844, 579-598. Mullineux(1990, 64), quotes Mill , J.S, Principles of Political 
economy,economy, 1848. Haberler(1939, 15), notes: "many of the propositions advanced by Mr. Hawtrey 
[...][...]  have had a long history and were given an early expression in A. Marshall's evidence 
beforebefore the Gold and Silver Commission, 1887'. Haberler and Mullineux list Hawtrey's work, 
startingg with Good and bad trade (1913) to Capital and employment (1937). 
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TheThe monetary sector 
Ass in Hawtrey's theory, households offer their savings to the banks. The 
bankss offer funds on the money market (loanable funds), which can deviate 
fromm the savings. Following Wicksell, Hayek distinguished between the 
naturall  interest rate and the market interest rate. The natural rate is the rate 
att which real savings equal real investments. The interest rate at which 
supplyy of loanable funds and demand for credits are equal, is the market 
interestt rate. Demand for loanable funds (investment) is determined by the 
markett rate of interest. The supply of funds depends on the savings and 
bankk credit. When the investments are above savings, nominal demand 
exceedss production, so prices rise. 

Supposee the market rate to be below the natural rate. Investment projects 
thatt were not profitable at the natural interest rate, are now carried out. The 
demandd for loanable funds rises above the amount of real savings, so credits 
aree supplied (supply of and demand for loanable funds are in equilibrium). 
Nominall  demand for goods becomes larger than supply, inducing nominal 
pricess to rise. A rise in prices lowers the real interest rate and increases 
expectationss of inflation, stimulating speculative production. Both 
tendenciess increase the demand for credits further. As before, this boom 
wouldd end when investment opportunities decline. A rise in the 
credits/reservess ratio and a decline in profitability cause the banks to restrict 
theirr unsecured loans. This creates a recession as investment declines 
further.. These changes are largely monetary in nature. The interest rate, 
however,, also has a function in the real sector. 

TheThe real sector 
Hayekk describes the production of goods as a succession of stages of 
production.. The production process has the final purpose of producing 
consumerr goods, but between the purchase of raw material and the sale of 
thee consumption good, the raw material is transformed using the factors of 
production9,, each stage using a different method of production. 
Thee factors of production are divided over the production process as a 
whole,, based on the relative factor prices and profitability. The capital 
intensityy of the method of production declines towards the production of 
thee final stages: closer to the final sales, capital is used in a lower proportion 
off  production inputs. The distribution of capital over the stages is 
determinedd by the interest rate paid on the funds loaned to finance the 
initiall  investment: when the interest rate (the capital costs) increases, capital 
flowss towards the production of the less capital-intensive production of 
consumptionn goods. 

AA monetary expansion lowers the market rate of interest, lowering the costs 
off  capital. The profitability of the production of intermediary goods 

9Forr convenience we assume every stage of the transformation process to take place in a 
differentt firm. 
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(includingg capital goods) rises. Firms producing these kinds of goods 
increasee their investments: demand in the capital-intensive sector increases, 
inducingg a rise in the production and prices of capital goods. Both the 
inflationn and the additional demand stimulate investment, and so future 
supply.. As long as the additional money stays within the intermediary 
sector,, expansion continues 

Ass growth in the intermediary sector increases, the demand for labour in 
thiss sector rises. The labour supply is assumed constant, so wages in this 
sectorr have to rise to attract labour from the consumption goods producing 
sectorr towards the intermediary sector. 

Demandd in the consumption goods producing sector remains initially equal. 
Thee profitability in the consumer goods sector declines because of the rise in 
thee price of capital and the rise in wages. To defend profits, firms increase 
theirr prices. As wages rise, nominal demand increases too, but real demand 
off  consumer goods declines (forced savings). However, total production 
increasess because of the investment boom (demand for capital goods). 

MonetaryMonetary and real causes of the crisis 
Thee expansion ends because of monetary and real problems. As seen above, 
thee rise in demand for loanable funds during the expansion increases the 
credit/reservee ratio. The propensity to lend declines. There wil l be a 
tendencyy to increase the market interest rate. 

Inn the real sphere, disproportionalities appear. The demand for 
consumptionn goods has risen as the wages rise. Producers of consumer 
goodss would like to expand production, but the price for credits has risen, 
whereass the price of intermediary goods does not decline because of the 
higherr costs of capital, so the consumption market exhibits excess demand. 
Thee price of consumer goods rises more than proportionally. Because of the 
formerr investments, capacity in the intermediary sector has risen, but due to 
thee rise in the market rate and the restriction on credits, demand declines: 
thee intermediary market displays excess supply. 

Reall  savings decline as more income is spent on consumer goods, to 
compensatee for the forced savings, again stimulating inflation. 

Thiss deadlock of excess supply of intermediary goods and excess demand for 
consumerr goods lowers the propensity to invest further. The market 
interestt rate rises above the natural rate and depression sets in. The 
depressionn moves the economy back towards its old proportions, as given by 
thee equality between saving and investment. As Hayek remarks, however, 
thee redistribution of funds over the stages of production involves 
destructionn of real capital and unemployment: this restructuring of the 
economyy has severe real effects: investment projects become unprofitable 
andd firms go bankrupt. As the market rate moves towards the natural rate, 
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bankss restore their reserves and profits in both sectors return to their old 
level.. The economy returns to its equilibrium position. The accumulation 
off  reserves by the banks continues up to a level at which the banks discover 
theyy have more liquid funds than required, given the desired reserve ratio. 
Thee market rate is again adjusted downward, below the natural rate. 
Profitabilityy on capital rises, investment increases again, so demand for 
creditss also increases. A new expansion is on its way, with the accompanying 
lengtheningg of the production process. 

Comparingg Hayek's theory to that of Hawtrey, both theories see the primary 
causee of the business cycle in the behaviour of the banks. The credit creation 
off  the banks weakens the linkage between real investment and real saving. 
Bankss can supply credits above or below the amount of deposits by 
increasingg or decreasing their reserves. Creation of money stimulates 
investmentt both directly and through a lowering of the interest rate. 
Accordingg to Hawtrey, the real effects of this expansion are only transitory 
andd the mode of production is not influenced. The main changes occur in 
thee production for stocks (with temporary effects on employment). When 
thee supply of credit returns to its normal level, production and employment 
alsoo return to their equilibrium values. In Hayek's opinion, those monetary 
adjustmentss influence the production structure because of the role of the 
interestt rate in the distribution of capital over the different stages of 
production.. Disturbances in the monetary sphere have significant effects in 
thee real sphere. The controversy between Hayek and Hawtrey concerns the 
durationn of the effect of monetary disequilibrium on the real sector. The real 
theoryy on the business cycle, as presented in 3.2, does not reject the influence 
off  the monetary sector, but sees it as secondary to the real disturbances. Even 
inn the absence of monetary distortion the economy would fluctuate. In 
Hayek'ss view fluctuations cease to exist, when the natural rate equals the 
markett rate. Yet, there is considerable agreement on the effect on production 
andd employment before the economy returns to its 'normal' proportions. 

ModernModern monetary business cycles 
Inn modern monetary economics, Greenwald and Stiglitz(1993) develop a 
modell  in which the monetary sector restricts the growth of the real sector 
becausee of imperfect information and risk aversion of the banks. The banks 
havee no instruments to assess the risks of the investment proposals, which 
firmss want to finance through bank loans. Secondly, banks try to avoid the 
costss associated with bankruptcy, behaving in a risk adverse way. The level 
off  lending (quantity) and the interest rate (price) are set depending on the 
overalll  expectations and the net worth of firms. Macroeconomic variables 
influencee the expectations and the net worth of the firms, determining part 
off  banking behaviour. The banks influence the aggregate economy through 
theirr interest rate and loan policy. 

Suarezz and Sussman(1997) present a variation of the Stiglitz-Weiss 
economy,, in which "the only imperfection is that an entrepreneurial 
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decisiondecision which affects the returns from investment is not verifiable and 
hencehence subject to moral hazard" (Suarez and Sussman(1997), i). Taking a 
three-periodd overlapping generations model, in which there is a probability 
off  default in the third period, Suarez and Sussman show the existence of a 
cobwebb cycle of period 2 in prices. 

Anotherr approach, which emphasises the role of financial factors in 
businesss fluctuations, is the 'Fisher-Kindleberger-Minsky' approach 
(Gatti(1992),, 134). The financial instability hypothesis, as it is also called, 
combiness behaviour of banks as innovative entrepreneurs with the 
investmentt behaviour of innovative firms. Innovations earn (temporary) 
monopolyy rents for those firms that can capture market power. "Banks are 
alsoalso entrepreneurial firms that innovate to earn profits. As financial 
institutionsinstitutions innovate, the financial system evolves, finding new ways to 
financefinance the profit-seeking behavior of other institutions" (Wray(1992), 163). 

Expectedd future demand and profits, comparing the supply price of capital 
withh its demand price, determine investment. Financial factors are part of 
thee supply price because of the financing of the investment good, but also of 
thee demand prices, because of the discounting of future expected profits. 
Businesss fluctuations originate because "financial markets may operate to 
rewardreward speculation-leading to a speculative boom. A crisis can occur if 
financefinance costs rise, if liquidity preference rises, or if income flows turn out to 
bebe less than expected. Endogenous processes tend to ensure that one of these 
(or(or all three) will, in fact occ«r"(Wray, op cit., 167-8, also see Minsky(1994)). 

Minsky'ss financial instability hypothesis gave rise to a wide line of empirical 
andd theoretical research. Some of the elements of the financial instability 
hypothesis,, for example the role of banks as profit-seekers, wil l return in the 
followingg chapters. 

44 The political business cycle 

Thee approaches above explain the cycle according to macroeconomic 
relationships.. A different approach to the business cycle is taken by the 
publicc choice approach. This field of research aims to model the influence of 
politicall  groups as politicians, government officials and lobby-groups. 
Economicc fluctuations are explained as the result of actions taken by these 
groups,, aiming at political influence or power. 

AA simple model of political behaviour, based on Nordhaus(1975), can 
illustratee the way in which those groups can cause the business cycle. 
Nordhauss uses the Phillipscurve: unemployment affects money wages and 
moneyy wages affect prices. In the short-term, there is a trade-off between 
inflationn and unemployment, but in the long run the natural rate of 
unemploymentt hypothesis is assumed. Individuals maximise a utility -
function,, preferring combinations of non-fluctuating prices and low 
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unemploymentt to combinations of inflation and high unemployment. 
Thesee individuals are assumed to be rational in their preferences, but 
ignorantt of the trade-off between inflation and unemployment. 

Theree are two parties, the government (the ruling party) and an opposition 
party.. The individuals, the voters, make a decision which party to vote on, 
basedd on the expected behaviour of the political parties (determined by 
adaptivee expectations) and the realised outcome on unemployment and 
inflation.. The policy makers are assumed to maximise the chance of being 
re-elected,, knowing the preferences of the voters. Nordhaus(1975) shows 
thatt the democratic process results in a situation with lower unemployment 
andd higher inflation (ignoring the preferences of future generations) 
comparedd to the optimal long run equilibrium (Nordhaus(1975), 178-179). 
Nordhauss starts his analyse of the political business cycle by pointing out a 
differencee with Kalecki's political cycle. Kalecki argues that the political cycle 
hass its roots in the unequal distribution of political power between 'captains 
off  industry' and the 'workers'. A stimulating policy enlarges employment, 
andd thus wage-demands and inflation. The economy wil l be depressed 
deliberately,, as an instrument in the class struggle. 

Nordhaus(1975)) assumes a democratically elected government. Election 
periodss are constant and the voters have a decaying memory: the more 
recentt the experiences, the higher their weight in the memory. As he 
remarks:"[..ll  if voters can predict future events perfectly and discount the 
futurefuture at the social discount rate [..] the system will  tend toward the social 
optimumoptimum [..]" (Nordhaus(1975), 182, note 2). This gives the policy makers the 
opportunityy to manipulate the economy and the voters. Shortly after 
election,, they fight inflation by allowing unemployment levels to increase. 
Whenn election day approaches, they wil l turn to a stimulating policy, raising 
inflationn and depressing unemployment. "The optimal partisan policy will 
leadlead to a political business cycle, with unemployment and deflation in early 
yearsyears followed by an inflationary boom as elections approach" 
(Nordhaus(1975),, 185). Confronting his theory with the data for different 
countriess Nordhaus(1975) finds it fits the data well10. Especially as the data 
forr those periods (for the United States) that did not fit the theory, the 
governingg party lost the elections. This brings Nordhaus to advocate for a 
systemm of indicative planning, to broaden the need for consensus over the 
policyy and reduce the possibilities for 'egoistic' policies. The Dutch 
'poldermodel'' can be seen as a variation of Nordhaus' indicative planning, 
inn which the negative effects of partisan policies are internalised by the 
parties. . 

OtherOther political business cycle theories 
Saintt Paul(1994) has focused on the explanation of the high level and 
persistencee of European unemployment. He argues that rigidities in the 

1 0Thee exception being the United Kingdom. This is caused by the balance of payment 
problemss during the early sixties. 
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labourr market, which obstruct market-clearing, are not motivated by social 
reasons,, but, because they benefit the employed (by raising their bargaining 
power).. This argument can be used to extend Nordhaus' political cycle by 
introducingg two additional factors: 
1.. The influence of employed on policy makers is larger than the influence 
off  unemployed, and 
2.. the employed care more about inflation (real income), whereas the 
unemployedd care about employment, so: 
"since"since the employed, even at high unemployment rates, are much more 
numerousnumerous than the unemployed, it is evident that policy is determined by 
thethe interests of the employed rather than those of the unemployed" (Saint-
Paul(1994),, 3). In this case, the party in government rather raises rigidities in 
thee labour market (and unemployment) than fund a buoyant policy 
(followedd by tax rises or inflation), to get re-elected. 

Beetsmaa and van der Ploeg (1992) also explain the cyclical occurrence of 
inflationn as the outcome of the democratic decision process11. They assume 
aa link between inflation and inequality. The government chooses a policy 
thatt maximises the utilit y of the median voter. In an economy with large 
inequality,, the median voter wil l be in the lower income classes. Policy is 
aimedd at a rise in effective demand (running a large deficit with low tax 
rates).. This rise in demand increases imports and uses up idle production 
capacity.. The imports wil l deplete foreign reserves, and domestic prices 
increase,, until, eventually, a capital flight and expectations of exchange rate 
adjustments,, force the government to lower the budget deficit and thus 
inflation12.. These policies are supported by the lower income classes when 
thee inflation affects their consumption possibilities, yet the deflationary 
policiess could lower living standards below the initial situation. After time 
thee 'populist policy cycle', as Beetsma and van der Ploeg label this process, 
couldd take off again. 

Thee ambition of the politicians for re-election, which provides a continuous 
impulsee in these kind of models, is exogenous to the economic system. The 
occurrencee of the economic cycle, however, depends on the economic 
structure.. A pre-election rise in government spending increases 
employment,, but this increase is assumed to be only temporary for a 
numberr of reasons (inflation, structural unemployment). The post-elections 
depressionn is inevitable13. As the behaviour of the banks before, the 
behaviourr of the politicians results in endogenous fluctuations. 

^Thee analysis in Beetsma and van der Ploeg(1992,1) is directed at Latin American countries, 
butt could be applied to all countries in which "inequality and social unrest sow the seeds for 
populistpopulist policies of redistribution and expansion". 
12Thesee deflationary policies were enforced by the stabilisation programme of the IMF, 
Beetsmaa and van der Ploeg(1992, 6). 
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55 The business cycle and growth 

Severall  business cycle theories assume the economy to grow. These 
approachess use the Solow-residual as impulse (real business cycle) or 
assumee a 'natural' growth path (growth cycles; predator-prey models). 
Growthh causes fluctuations either because of the adjustment process along 
thee growth path or because the growth rates of different variables diverge, 
causingg pressure on the system. They, however, do not provide an 
explanationn for the growth path itself. 

Aghionn and Howitt(1998) develop an Schumpeterian endogenous growth-
model.. Growth results because of innovations, and involves creative 
destruction:: new inventions make old techniques obsolete. The occurrence 
off  new innovations depends on the amount of labour that is used in 
research.. Growth results when the positive spillovers of the innovation 
(learningg effects) are larger than the negative spillovers (creative 
destruction). . 

Iff  growth is endogenous, there are two approaches towards cycles: cycles are 
causedd by growth (Kondratieff cycles) or, alternatively, the business cycle 
causess the growth rate to fluctuate. 

CyclicalCyclical growth 
Growthh can take the form of cycles as there is a negative relationship 
betweenn future and current research activities: more future research (a 
higherr chance of a future innovation) lessens the future profit opportunities 
off  present innovations (creative destruction because of the future 
innovation).. This mechanism can result in a perfect foresight equilibrium 
(PFE)) of cyclical growth (Aghion and Howitt(1998), 63/64)14. 

Anotherr reason for cyclical growth is that recessions, as Schumpeter stated, 
pavee the way "for new achievement of the kind which has created 
civilizationcivilization and made the greatness of this country" (cited in Stiglitz(1993), 
3).. Aghion and Howitt(1998) formalise this concept by introducing general 
purposepurpose technologies (GPT's, i.e. the steam engine, computers). The spread 
off  technological knowledge is modelled by usage of an epidemiological 
model. . 
Theree are three stages: discovery of the GPT (stage 0), experimentation (stage 
1)) and implementation (stage 2). After the discovery of a new GPT labour is 
devotedd to research, to determine the usage of this new technology in the 
ownn sector or firm. As more firms assign workers to experiment with the 

13lff  the economy has Keynesian characteristics, the government deficit generates new income, 
soo the rise in taxes or inflation is not evident. In this case the mechanism of Nordhaus 
generatess "political" growth. 
14Aghionn and Howitt(1998) describe this PFE as: nt = yf(nl+l ), with a two-cycle as (n°, n1) 

suchh that n° = y/ln1) and n1 = mn0), n is the amount of labour in research. 
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neww technology, less labour is available for productive activities (using the 
oldd GPT). Output declines further as more firms enter stage 1. 
Thee implementation of the new GPT depends on own discoveries of 
applicationss within the own firm or on imitation of other firms within the 
samee sector (Aghion and Howitt(1998)/ 254). 

Imitationn becomes easier when more firms make the transition from stage 1 
too 2. This accelerates the overall transition. Aghion and Howitt(1998) 
estimatee the transition to be at its peak at (about) 20 years after the discovery 
off  the new GPT. Macroeconomic production rises as labour is redirected 
towardss the new productive activities (using the new GPT): "cyclical 
downturnsdownturns may be the price that society needs to pay in order to implement 
thethe GPTs that deliver long-run growth" (Aghion and Howitt(1998), 244). 

Growthh based on the cost of R&D is also central to the 'extended cost-disease 
model'' of Baumol and Wolff(1992). They explain fluctuations in the growth 
ratee from the effects of growth itself. 
Thee economy is divided in two sectors. Information is produced in one 
sector,, using labour as an input (R&D). The other sector produces goods, 
usingg both information and labour as inputs. The labour productivity 
dependss on the amount of information used in the production process. 
Demandd and supply of information are determined by the price of 
information,, relative to the price of the good. Growth (a high demand for 
R&D)) causes the price of information to rise. This depresses demand for R&D 
inn the next period: labour productivity declines and a depression sets in. A 
cobwebb cycle in prices and demand in R&D follows. 
Dependingg on the way, the interaction between sectors is modelled, different 
kindss of behaviour (including chaotic fluctuations) can be observed. 

BusinessBusiness cycles to growth 
Iff  growth is generated endogenously, short-term changes influence long-
termm growth. Question is then if growth is a virtue of bad times (Aghion 
andd Howirt(1998)), or a characteristic of good times? 

GrowthGrowth through good times 
Changess in the level of production have an impact on growth through the 
Teamingg by domg'-mechanism or by stimulating research. 
Supposee the money stock to rise. Because of nominal rigidities (see the new-
Keynesiann approach above) or informational rigidities (see Lucas' rational 
expectations)) production rises in the short run. In the regular neo-classical 
tradition,, prices rise as menus are adjusted and information is spread 
throughoutt the economy. In the long run the money stock-price ratio wil l 
returnn towards its old level, as production does too. 

Whenn the growth rate is determined by learning-by-doing a temporal rise in 
employmentt causes knowledge to grow, so the growth rate increases 
permanently.. If the amount of labour spent on research depends positively 
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onn the level of production and /or negatively on the wage rate (assuming 
thee real wage to lag behind the rise in production, so real wages decline as 
pricess rise), labour is redirected from (direct) productive usage towards R&D. 
Thee rise in R&D-efforts raises the chances of the appearance of new 
innovations. . 

Bothh mechanisms assume a positive relationship between growth and the 
periodd of expansion. Stiglitz(1993) addresses the same relationship, using a 
modell  of technical change with credit rationing. The pressure on capacity 
andd the availability of resources during the expansion phase cause 
innovationss to develop. There is noo incentive to modernise production 
whenn the utilisation rate is below its normal level. "Typically, firms also 
reducereduce their expenditure on R&D and productivity enhancing expenditures. 
TheThe reduction in output reduces opportunities to "learn by doing" 
(Stiglitz(1993)// 3). Technical progress, in his opinion, takes place because of 
thee high level of costs and the pressure on the production capacity in a 
boom.. This leads to growth, but eventually to a situation of overproduction: 
thee cause of a recession. Innovation takes the form of labour saving new 
techniques.. This increases unemployment levels (given a low state of 
demand).. The instalment of new techniques has to be outweighed by the 
risee in production otherwise it will enhance the recession, instead of leading 
too a boom. 

Whenn the rise in production favours growth, productivity should be pro-
cyclical.. This procyclical behaviour (especially of the Solow-residual) is also 
foundd in empirical data. Recent research, however, finds evidence of 
countercyclicall  behaviour of productivity (Aghion and Howitt(1998), 239). 

GrowthGrowth and the virtue of bad times 
Agionn and Howitt(1998, 239) follow Schumpeter in describing a recession as 
aa "cleansing mechanism for reducing (or eliminating) organizational 
inefficienciesinefficiencies and resource misallocations" (also see Hayek's theory on the 
businesss cycle above). There are several reasons: 
1.. the 'lame duck' effect: a recession forces inefficient firms out of business, 

butt also provides higher entry costs for efficient firms; 
2.. the opportunity costs of (non-productive) activities as reorganisations are 

loww during a recession; 
3.. the 'disciplinary' effect: when the majority of firms reorganise during a 

recession,, those who do not wil l go bankrupt. 

Aghionn and Saint Paul(1991) modernise Schumpeter's vision in the 
'opportunityy costs-approach' of growth. Short-term recessions stimulate 
overalll  growth because the opportunity costs (foregone profits) of investing 
inn technological improvements and reorganisations are low in a recession 
comparedd to the opportunity costs of those activities during a boom. There 
aree two important differences between the opportunity-costs approach and 
thee Schumpeterian (Austrian) theory. The starting point of the latter is a 
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theoryy of the business cycle, involving the actual destruction of existing 
capital,, through the ending of investment projects and bankruptcy. Aghion 
andd Saint Paul rely on an exogenously generated business cycle, ignoring 
thesee effects of the downturn. 
Schumpeterr related growth to the great inventions, the link between growth 
andd fluctuations is the creative entrepreneur who carries out these new 
inventionss or rearranged factor inputs in a more efficient way, involving 
riskk taking and profit seeking. Aghion and Saint Paul also stress the 
importancee of new ideas and technical progress. In their model, however, 
innovationn is realised through expenditures on R&D and implemented 
automaticallyy without reference to the (time-consuming) process between 
inventionn and innovation. 

Vann Ewijk(1994) extended the opportunity costs-model of Aghion and Saint-
Paul.. Following Aghion and Saint-Paul(1991), the business cycle is 
representedd by exogenous fluctuations of the profit rate. Firms are assumed 
too make two decisions. First, they have to decide if, given the state of the 
profitt rate, they wil l be active (enter the market place) or become inactive 
(exitt the market place). The costs of becoming or remaining inactive are 
twofold.. There are entry-costs when the firm decides to become active again 
andd the knowledge (labour productivity) deteriorates because of the absence 
off  'learning-by-doing'. If the firm is active, the next decision to be made 
regardss the amount of labour dedicated to (non-productive) research, 
determiningg the growth rate of (labour) productivity. Using several 
restrictionss and assuming profit maximisation, van Ewijk(1994, 19) 
concludes:: "recessions, in particular deep and long recessions, lead to 
inactivityinactivity and idle resources, they have a negative effect on learning-by-
doingdoing and cause 'rusting' of existing knowledge [but] on the other hand, 
mildmild fluctuations which remain within the 'full employment' corridor may 
bebe beneficial to growth..[....]..this may help to explain why long and smooth 
cyclescycles like Schumpeter's 'Kondratieff wave' involve a positive relationship 
betweenbetween cycles and growth, while short and vehement 'Keynesian cycles' 
tendtend to be detrimental to long-run growth". Aghion and Howitt(1998) 
conclude,, based on empirical research, that small recessions are beneficial to 
growth,, whereas large fluctuations are obstacles for growth as they "increase 
thethe option value of delaying irreversible (R&D) investments" and "delay 
thethe diffusion of technological knowledge" (Aghion and Howitt(1998) 243). 

Helpman(1992),, focusing on international growth differences, distinguished 
betweenn two sorts of innovations: product- and process-innovation. 
Althoughh Helpman (1992) did not consider fluctuations, this distinction can 
bee applied to the process of innovation over the business cycle. During a 
depression,, in a declining market and a low wage rate, is R&D concentrated 
onn product innovation, leaving the labour-intensity of the production 
processs unchanged. When the economy recovers and labour costs rise, 
innovationn is turned towards process-innovation, lowering production 
costs.. In this interpretation of Helpman's distinction growth is advanced by 
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thee occurrence of short-term fluctuations, either by raising quality of by 
loweringg costs of production. Matsuyama(1999), for example, models an 
economyy in which there is a 'Solow regime', exhibiting classical growth 
throughh factor accumulation and a 'Romer regime', in which growth is 
innovationn led. 

66 Conclusion and summary 

Thiss chapter gave a survey of several theories that are brought forward to 
explainn the short-term fluctuations, which are classified as 'the business 
cycle'.. They can be classified using Frisch(1933)'s impulse-propagation 
problem.. At one end of the spectrum are the 'perpetuum mobile'-theories. 
Theirr research is aimed at an explanation of the mechanism responsible for 
thee fluctuations, the propagation mechanism (paragraph three). Contrary to 
thosee theories, there are 'Deus ex machina'-theories, assuming an 
inherentlyy non-fluctuating economy15, at least in the long run. The cycles 
aree seen as adjustments after an exogenous shock, the impulse (paragraph 
two). . 

Frisch(1933,, 197) asks "[H]ave these dynamic laws deduced from theory and 
showingshowing damped oscillations no value in explaining the real phenomena 
..?"...?". He concludes that exogenous impulses are necessary to explain 
persistentt fluctuations. Contrary to this, Haberler(1939, 10) states that "[F]or 
variousvarious reasons, it seems desirable, in the explanation of the business cycle, 
toto attach as little importance to the influence of external disturbances .. large 
swingsswings in the direction of prosperity and depression as we find them in real 
lifelife are difficult to explain solely by exogenous forces; and this difficulty 
becomesbecomes an impossibility when the alleged "disturbances" do not 
themselvesthemselves show a wavelike movement .. historical experience seems to 
demonstratedemonstrate that the cyclical movement has a strong tendency to persist, 
eveneven where there are no outstanding extraneous influences at work which 
cancan plausibly be held responsible". 

Economistss such as Schumpeter and Friedman accept the fact that 
disturbancess are both real and monetary. The different ways of propagation 
givee rise to endogenous persistent fluctuations: 
-- monetary mechanisms: involving the behaviour of banks, either only 
affectingg prices or also affecting production; 
-reall  mechanisms: the investment behaviour and the distribution of 
income; ; 
-psychologicall  mechanisms: self fulfillin g and counteracting behaviour 
causess fluctuations; 
-exogenouss mechanisms: non-economic behaviour can cause economic 
fluctuationss (political cycles). 

15I tt has to be noted that stability of the economy in this sense does not necessarily mean full 
employment.. As is shown by the simple multiplier-accelerator model, a long term equilibrium 
cann exist with unemployment. 
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Theree is some common ground. The different endogenous theories can be 
combinedd into a general theory on the business cycle. Once it is accepted that 
thee interest rate plays a role in determining intertemporal choices, there is 
ann interaction between the real and monetary sphere. This relationship is 
enhancedd when the psychological state of mind of businessmen and bankers 
(Mills '' psychological cycles) is taken into account. Take for example, a 
psychologicall  boom, caused by a (electorally motivated) decline in taxes 
(Nordhaus'' political cycle). Both entrepreneurs and bankers expect this to 
raisee production and increase profitability. Investment is increased and the 
availabilityy of credits expands. In the short run production rises more than 
thee initial tax reduction because of the additional (credit-financed) demand 
forr investment goods (Hawtrey-Hayek's monetary cycle). Assuming the 
taxess to be equally reduced for producers and consumers, both the demand 
forr producer goods as the demand for consumer goods has risen. The 
increasedd credit-financed demand for producer goods competes with the 
additionall  demand for consumer goods (Haberler's disproportionality 
argument).. The price of consumer goods rises relatively to that of producer 
goods,, wages rise (Hayek's transition of labour, Goodwin's conflict over the 
incomee distribution) and savings decline (countering forced savings). When 
thee past investments are implemented, production capacity in the producer 
goodss sector rises (Kalecki's investment cycle). 
Whenn real savings diminish and there is an excess capacity in the producers 
sector,, credits wil l be constrained (Hawtrey's credit /savings ratio). This 
createss a pessimistic state of mind, causing a depression to set in. If elections 
aree held in the foreseen future, the depression damages the chances for re-
election,, creating an incentive for politicians to lower taxes further. 
Thee duration of the fluctuations, caused by the combination of propagation 
mechanisms,, depends on the way the different groups (workers, 
entrepreneurs,, bankers and politicians) interact. 

AA macroeconomic model of the business cycle, which would capture the 
commonn features as described above, has to take into account: 
-thee relationship between the interest rate, savings/credits and the 
behaviourr of the banks; 
-thee conflict over income (profits versus wages) between workers and 
entrepreneurs; ; 
-thee decisions on investment and production, within firms, based on prices 
andd costs; 
-behaviourr of non-economic groups, such as politicians, who have a stake 
inn the performance of the economy and the possibilities to influence the 
behaviourr of the other stakeholders. 

Growthh remains implicit in many of the business cycle theories. Growth 
itselff  can be a source of long-term cycles as the amount of labour devoted to 
researchh and development fluctuates. Growth can also provide an 
exogenouss stimulus to short-term fluctuations. Uneven sectoral growth 
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ratess can cause pressure on supply (underconsumption theories: former 
productionn is present income) or on the labour market (Goodwin cycles: the 
accumulationn of capital deviates from the growth of the working force). 
Otherr theories (RBC-models) explain short run cycles as part of the 
adjustmentt process when innovations increase the growth rate. 
Whenn the growth rate is endogenous, short-term fluctuations influences 
thee long-term growth rate. The question is which situation, depression or 
boom,, causes growth to accelerate? In both situations, small fluctuations 
seemm more stimulating then large cycles. 
Thee research on the relationship between growth and the business cycle is 
relativelyy young and conclusive deductions are not yet made concerning the 
exactt relationship between growth and cycles. 

Reasonss for government interventions are threefold: 
-too stabilise the economy as the cyclical adjustments towards a new 
equilibriumm take too much time {Lucas' rational expectations, RBC-cycles); 
-too stabilise the economy because the structure itself is such that a new 
equilibriumm wil l not be reached; 
-too prevent the occurrence of depressions by lowering excess growth (Hayek). 
Thiss assumes both sincere behaviour from the government (Nordhaus' 
politicall  manipulation of the economy) and good knowledge of the 
economicc structure (to determine the goals and ends of the intervention). 

Yet,, another problem remains to be solved. Returning to the impulse-
propagationn problem, Goodwin( 1990, 63) can be paraphrased: when 
Tinbergenn (see for example Tinbergen(1943)) and Frisch introduced 
(dynamical)) mathematical methods in economic theory, they introduced a 
neww consistent way of looking at the economic system, but they also 
destroyedd a large body of theoretical knowledge16. Many mathematical 
dynamicc systems could and can not (yet) be analytically solved. This restricts 
thee mathematical representation of an economic theory to certain forms. 
Thesee systems can generate fluctuations, but within severe restrictions. 
Evenn the so-called chaos and catastrophe theory (for an expose on 
catastrophee theory in economics, see Rosser(1991)) requires certain 
boundariess for the system to be solvable. 

Itt is obvious that Frisch(1933), at the time and given the state of 
mathematics,, concluded that economic systems are, generally, stable and 
fluctuationss dampened. This denies the idea of an endogenous economic 
cycle.. Yet, successive periods of high and low growth can be seen in the 
economicc data. That econonomic fluctuations are difficul t to model and that 
businesss cycle-models are difficult to analyse in a general way, does not deny 
thee importance of analysing economic fluctuations. 

16Seee for example Frisch's comment on Aftalion: "I  do not think that Aftalion's analysis as 
originallyoriginally presented by himself can be characterized as a determinate analyse. By putting 
hishis arguments in equations one will  find that he does not have as many equations as 
unknowns",unknowns", Frisch(1933, 181). 
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PARTII I 

THEE CHAOTIC APPROACH TO THE BUSINESS CYCLE 

AA new approach to model non-linear relations is found in the so-called 
"chaoss theory". Research in the mathematics of chaos opened the possibility 
too build deterministic models, which generate cycles resembling "white 
noise""  time paths, for a large range of parameters. Chaos theory is used to 
prooff  the existence of persistent fluctuations. 

Medioo and Negroni(1996) develop an overlapping generations model 
buildingg on work done by Samuelson(1958), Diamond(1965), Gale(1973), 
Benhabibb and Day(1982) and Grandmont(1989). The model of Medio and 
Negroni(1996)) produces a rich variety of dynamics, after which they 
concludee (Medio and Negroni(1996), 42): "In the economic literature, the 
discussiondiscussion of chaos has most often taken place with a mathematical rather 
thanthan physical approach. By this we mean that in most cases the authors 
havehave attempted to prove analytically that a certain abstract property called 
chaoschaos (not necessarily the same in every case) was present. This has 
necessarilynecessarily restricted the models to be considered to extremely simple and 
abstractabstract ones, usually some adaptations of one of the few dynamical systems 
investigatedinvestigated in the mathematical literature and amenable to full analytical 
treatment.treatment. Useful though such exercises might have been from a pedagogic 
pointpoint of view, they have a limited significance for an understanding of 
chaoticchaotic systems originating directly from economic problems. Given the 
statestate of the art, global information on the dynamics of the vast majority of 
nonlinearnonlinear dynamical systems can be obtained only by combining the few 
analyticalanalytical results supplied by dynamical system theory and carefully 
organizedorganized numerical simulations". 

Thiss part gives a review of the usage of the mathematical chaos theory, 
usingg the logistic equation as an example. Several different economic 
modelss are analysed. The models are adapted so they can be presented in 
termss of the logistic equation. This is done for "pedagogic reasons", as 
mentionedd by Medio and Negroni. The models are chosen for two purposes. 
Firstly,, to demonstrate how simple non-linearities in economic behaviour 
cann result in complex dynamics. These results cast some doubt on Frisch's 
conclusionn of the theoretical necessity of dampening of economic 
fluctuations.. Secondly, to show that the occurrence of chaos is not just 
restrictedd to one approach. Chaotic fluctuations can emerge in (neo) classical 
models,, (neo) radical models, imperfect market models, growth models and 
others. . 
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CHAPTERR 3 

THEE CHAOTIC APPROACH TO THE BUSINESS CYCLE 

"Chaos"Chaos theory removes the emphasis from stability by stressing 
instabilities." instabilities." 
(Brockk and MalHaris(1989)/ xiii ) 

11 Introduction 

Theree is considerable doubt regarding the theoretical issue of the 
economy'ss (in)stability, and the mathematical elaboration of the 
endogenouss business cycle theories. The problem becomes apparent 
whenn the regularities in amplitude and the periodicity of the generated 
cycless are compared to the irregularities found in empirical data. This 
incongruityy left the endogenous approach to the business cycle 
vulnerablee for econometric criticism. As early as the 1930s Frisch and 
Slutzkyy showed the possibility of generating business cycles by adding a 
stochasticc variable to an otherwise stable model. These examples 
conformedd to the empirical data, but failed to give an explanation in 
economicc terms. The absence of regularities in the stochastic shocks 
explainss the variable length and intensity of the business cycle as 
observedd in the empirical data. The addition of stochastic terms to 
Keynesiann models of the business cycle improves the descriptive 
powerr of these models, but does not add to their usage for forecasting 
andd analysis (Gabisch and Lorenz(1989), 88). The view that the 
economyy is structurally stable and fluctuations are the result of erratic 
disturbancess was expressed, even more severe, in the new classical 
theoryy (King and Plosser(1988)'s real business cycle models, 
Lucas(1985)'ss imperfect information-models). 

Inn the same period as the new classical approach, the idea of 'chaotic 
nonn linearity' was introduced in economic theory. Chaos was 
developed,, initially , as a purely mathematical concept. It found, 
however,, many applications in physics and biology1, where it was used 
too explain turbulence and the unpredictable growth of populations. 
Chaoss theory was introduced to economic theory to offer an 
explanationn for the seemingly erratic time series of GNP, investment 
andd other economic variables2, such as the (biological) Volterra-Lotka-
models,, which were used in the sixties to give a description of the 
businesss cycle (see Goodwin(1987)). 

^Gleick(1987)) gives a description of the historical development and dissemination of 
"chaos""  through different sciences. 

^Sincee the publication of the first version of this chapter, Marc Jarsulic has brought 
togetherr the most important articles on non-linear economic dynamics in Jarsulic(1993), 
alsoo see Dechert(1996). 
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Chaoticc equations, as this kind of non-linear equations wil l be called, 
aree equations, which (given parametric values) can generate time 
seriess that often cannot be distinguished from 'white noise', randomly 
generatedd disturbances. The underlying mechanism, however, is 
deterministicc in nature. A more formal treatment of the 'chaos' 
phenomenaa can be found in the mathematical introductions in this 
field,, for example Collet and Eckmann(1980), Zaslavsky(1985), 
Thompsonn and Stewart(1987) and Medio(1992). 

Thee 'chaotic business cycle theory' accommodates the criticism of 
Frischh and Slutzky, in the sense that the generated time series are not 
regularr in intensity and periodicity. 

Thiss chapter gives an overview of the main results and of the 
problemss concerning chaotic mathematics, using the logistic equation. 
Thee logistic equation is one of the most common 'chaotic equations' in 
economics.. It is the best understood of chaotic systems and has (in the 
formm of the S-shaped logistic) a long history in economic modelling. 
Afterr the mathematical treatment of chaos, attention is given to 
empiricall  problems associated with econometrical work. 
Givenn the plausibility of the occurrence of chaos in real economic 
systems,, another question is whether economic interventions can 
stabilisee such an economy. With the use of conclusions from physics 
andd mathematics, three ways of 'controlling chaos' with implications 
forr economic policy can be derived. 

22 Chaotic dynamics of the logistic map 

2.11 An economic example: a production-tax model 

Too illustrate the emergence of chaos, this section starts with a simple 
partiall  production-tax model. Assume the economy consists of small 
firmss owned by the labourer, all producing one good. This good can be 
usedd as consumption good or invested in the firm. Production (Y) is 
dependentt upon the amount of capital used (k). The production-capital 
ratioo is assumed to be constant (a>0): 

YYtt = ckt (3.2.1) 

Timee is measured as the period in which capital depreciated 100%3. 
Thee magnitude of the capital-output ratio depends on the length of 
thiss period. The dynamics of the model can be described using the 
evolutionn of the capital stock. 

^Thiss is not crucial to the results. Take depreciation to be 5, then 

kkff  aOf. + (1 - 6)k.. The dynamics in (3.2.5) become: 

( o a++ ( ! - « ) ' 
kktt + l=(aa + (l-S))kt 

Thee Business Cycle 



3.. The chaotic approach to the business cycle 49 9 

Thee government levies a progressive tax (T) on production (for 
examplee because of unfavourable external effects, or income policy). 
Thee parameter /? is a measure of the progression (0</?<l)4: 

TTtt = 0Yf
2 (3.2.2) 

Nett income of the worker/owner is Of: 

OOtt=Y=Ytt-- Tt (3.2.3) 

Fromm this income, a constant part is consumed (0<1-CT<1), and part is 
savedd (a). The time lag between the realisation of savings and the 
availabilityy of the new capital stock is assumed to be one period5: 

kkt+lt+l =oO=oOtt (3.2.4) 

Thee time path of the capital stock (and production) can be determined 
usingg equation (3.2.1) to (3.2.4): 

kkt+1t+1=aok=aoktt[l-aPk[l-aPktt]]  (3.2.5) 

Iff  the capital stock is taken to be positive (k>0), k is between 0 and 
(l/fia).(l/fia). Figure 3.1A shows equation (3.2.5) in the (kt, kt+i) space as a hill 
shapedd figure, for different values of aa. Also drawn in this figure is 
thee 45-degree curve at which kt=kf+\. 
Thee quadratic tax function is responsible for this form. A rise in 
productionn increases the tax obligations. This rise in the tax obligations 
becomess larger as k approaches its maximum value at (o/2P). A 
productionn above the maximum results in a lower income, so capital 
accumulationn declines, til l the capital stock is zero, resulting in zero 
production. . 

Ass can be calculated, there are two steady state (equilibrium) points. 
Thee non-production point 

kk00=0=0 (3.2.6) 

^Equationn (2.2) is a simplification of the progressive average tax rate: 

TT = — = rn + (ft., with T(7=0. This simplification does not influence the conclusions 
YYt t 

below,, but is made for analytical tractability. The government budget constraint is 
ignoredd for the same reason in this partial model. It could be modelled in a way that it 
didd not influence the production decision of the firm. 

^Thiss could be an agricultural economy in which the harvest has to be collected before 
neww seeds are available. 
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andd k*, the intersection between the logistic equation and the 45-degree 
line: : 

k*k*  = ^4 (3.2.7) 

Thosee points are equilibria in the sense that after reaching (3.2.6) or 
(3.2.7),, k never changes. At fcn no production takes place. Once this 
situationn is reached, production ceases forever. At k* thee savings out of 
nett income of the producer are equal to the former capital stock, so no 
growthh or decline takes place. 

Itt is possible that the only equilibrium is the non-production steady 
state,, assuming fc>0. The reason for this is simple: assume that the 
capitall  productivity (a) in relation to the propensity to invest (a) to be 
tooo low: aa<\. Given an initial level of k>0, the labourers/owners 
producee Yo From this production To is paid to the government. The 
remainss of production are consumed or invested. From (3.2.5) it 
followss that for aa<\ the capital stock in the next period is smaller 
thann in this period6. The capital stock declines eventually towards zero. 
Sincee /c*<0, fcn is the only economical relevant steady state. This is 
independentt of the tax quote /?, as can be seen from (3.2.7), but depends 
onlyy on the production technique (a) and consumer preferences (a)7. 
Thee speed of adjustment, however, depends positively on /J. 

A:A: Different kt-kt+i relationships for different values of v = aa. 

^Takingg Afc = - , we can write A/c = (aa -1) - a ofk. < 0 for aa < 1, so 
kkt t 

productionn declines in every period. Production is not feasible for these structural 
parameters. . 
^Comparee this case to the linear accumulation function: k. , = aak., which follows 

fromm (2.5) with p=0. With cra<l, k also declines towards zero. 
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Figuree 3.1: A: The fcf-fcf+i-relationships for different parameters, B-E: time path of k 

andd kf-kf+l relationships for different values of aa. 

Whenn propensity to invest and capital productivity are higher, so 
crcol,, there is a steady state with a positive stock of capital (fc*>0, see 
3.2.7).. In this case, the dynamics are also influenced by the tax rate as it 
influencess the steady state k*. If k>k*, the capital stock declines. If k<k*, 
itt rises. There is movement towards the equilibrium level k*. The 
dynamicss of this adjustment process depend upon the slope of (3.2.5) in 
k*.k*. The slope is: 

dk, dk, t+i i 
die, die, 

==  aa- lafkrk* = 2 - aa (3.2.8) ) 

Thee capital stock moves towards the equilibrium point when the 
absolutee value of (3.2.8) is less than 1. The deviation between k* and k 
becomess smaller every period: the rise or decline in taxes also 
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determiness the rise or decline of the capital stock. When starting with 
k<k*,k<k*,  the rise in production is larger than the rise in taxes, in any 
period.. The magnitude of the rise lessens when the capital stock 
approachess k*, til l k=k*. 
Iff  l<cra<3, the capital stock also tends towards k*. How the adjustment 
processs takes place depends on the value of era. For \<oa<2, this 
adjustmentt is monotone, as described before (figure 3.IB). For 2<cra<3, 
thee adjustment is cyclical. The combination of the propensity to invest 
andd the productivity induces overshooting. The production is below its 
equilibriumm level {Y*=ak*)  and the tax payments are very low: income 
iss relatively high. Given the propensity to invest (o), capital 
overshootss its equilibrium value, so production rises above its 
equilibriumm level. Taxes rise more progressively, so in the next period 
thee capital stock declines again below k*. Since the absolute value of 
dkdkt+lt+l /dk/dktt is smaller than one, the difference between k and k* declines, 
movingg towards the equilibrium point (figure 3.1C). When 3<aa<4, 
thee capital stock again fluctuate around k*, but these fluctuations do 
nott disappear. A tendency towards the equilibrium exists again, but 
noww k overshoots k*. Between 3 and (approximately) 3.575 fluctuations 
aree regular, cycles with period two, four and more (figure 3.1D). When 
eraera is larger, but below 4, other patterns are possible: those fluctuations 
doo not seem to behave regularly but look like they have been generated 
usingg stochastic processes (chaotic dynamics, figure 3.1E). For aa>4, 
investmentt fluctuates more and more. Production eventually becomes 
negative:: taxes become larger than income and the firm goes bankrupt 
(thee model loses its stability). 

Thiss model delivers some surprising results: 
1.. Chaotic fluctuations appear for a high output-capital ratio (a), in 
whichh case one period in the model is equivalent to a long period in 
realityy (total depreciation of the capital stock). 
2.. The possibility of chaos rises when investment depends heavily on 
thee after tax income (a). 
3.. The government can determine the equilibrium production by 

settingg the tax rate using: /3* = 
aaaa _ 

,, where YDES is the desired 

productionn level. 
4.. The non-linearity introduced by the quadratic tax function (3.2.2) is 
necessaryy for the appearance of fluctuations, but the actual occurrence 
off  fluctuations is independent of the level of the tax rate (for fitQ). A 
loww level of the tax rate results in a high equilibrium level of 
productionn but can coexist with high fluctuations. It is possible, on the 
otherr hand, to have a stable economy with a high tax rate and a low 
levell  of equilibrium production. The actual instability depends on the 
technologyy and preferences. A propensity to invest of 50% and a capital 
productivityy of 7.5, for example, gives a time series of production that 
seemss completely erratic. 
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Thee production-tax model is simple without the pretension to describe 
reality.. The example still gives some insights in the emergence of 
complexx behaviour from a simple model. The quadratic tax function 
(3.2.2)) is used to introduce a non-linearity in the model, which is 
responsiblee for the chaotic behaviour. The resulting capital 
accumulationn function is one of the simplest (and perhaps because of 
thatt most used) non-linear equations in chaos-theory: the logistic 
equation. . 

2.22 Mathematical intermezzo: the logistic map 

Sincee the logistic map is very common, not only in this chapter but 
alsoo in other literature on economic chaos, this paragraph starts with 
ann abstract of the main conclusions of the seminal 1975-paper of T. Li 
andd J. Yorke, Period Three implies Chaos, see also Benhabib and 
Day(1982),, van der Ploeg(1986), Gabisch and Lorenz(1989) and others 
whoo use their analyses. Another standard reference to the 
mathematicall  treatment of one-dimensional maps is Collet and 
Eckmann(1980).. For references on other chaotic systems, different from 
thee logistic (for example the Henon-mapping, the Lorenz-equations, 
thee Rössler band), see Baumol and Benhabib(1989), Goodwin(1990), 
Hommes(1991),, Medio(1992) and Lorenz(1993). Following the 
theoreticall  proof of chaos, some other methods are discussed that are 
usedd in the following chapters to determine the occurrence of chaos, 
whenn a thorough mathematical proof is not possible. 

2.2.11 Period three implies chaos 

Lii  and Yorke(1975) analyse "a generalized logistic equation": 

xxn+ln+l  =rxn 

With: : 

xxnn = time - depending variable 

r,, K = constant parameters 

Theirr theorems are (taken from Li and Yorke(1975), 986/987): 

StartStart of quotation 

Mainn theorem: Let F:J->J. For xej, F°(x) denotes x and Fn+1(x) denotes 
F(FF(Fnn(x))(x)) for n=0,1, —-. We wil l say p is a periodic point with period n if 
pejpej and p=Fn(p) and p*Fk(p) for \<k<n. We say p is periodic or is a 
periodicc point if p is periodic for some n>\. We say q is eventually 
periodicc if for some positive integer m, p=Fm(q) is periodic. Since F 
needd not be one-to-one, there may be points which are eventually 

1--
K K 
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periodicc but are not periodic. [....] A special case of our main result says 
thatt if there is a periodic point with period 3, then for each integer n=l, 
2,2, 3, , there is a periodic point with period n. Furthermore, there is an 
uncountablee subset of points x in ƒ which are not even "asymptotically 
periodic". . 

Theoremm 1: Let ƒ be an interval and let F:J->J be continuous. Assume 
theree is a point a e ƒ for which the points b=F(a), c=F2(a) and d=F3(a), 
satisfy: : 

d<ad<a <b <c (or d>a>b> c) 

Then: : 

Tl :: for every k=l, 2,  there is a periodic point in ƒ having period k 

Furthermore, , 

T2:: there is an uncountable set S cƒ (containing no periodic points), 
whichh satisfies the following conditions: 

(A)) For every p, qeS with p*q, 

limsup|Fn(p)-Fn(<7)|>0 0 

and d 

liminf|Fn(p)-F"(^)ll  = 0 

(B)) For every peS and periodic point qej, 

l imsup|F"(p)-F"(^)|>0 0 
n—n—

EndEnd of quotation 

Ass Gabisch and Lorenz(1989, 183) note: "According to Sarkovskii's 
theorem,theorem, the existence of a period-three cycle implies the existence of 
periodicperiodic solutions of all orders, which may be very large and essentially 
indistinguishableindistinguishable from aperiodic solutions". Sarkovskii's theorem 
givess an ordering of integers: 1 < 2 < 4 < 8< < 2*  < 2*+!.. < 
2i +1(2n+l)) < ... < 2i + 15 < 2i + 13 < ... < 2A(2n+l) < ... <2Ï3 < ... < 7 < 5 < 3. 
Itt says that for a continuous one-dimensional function which maps an 
intervall  into itself with period r, the periods s for s<r in the ordering 
abovee are possible. 
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Itt is possible to rewrite the capital accumulation equation (3.2.5) of the 
previouss section as a 'generalised' logistic equation by replacing fioik by 
**  and era by u8: 

xxt+t+ i-f(xi-f(xtt)) = vxt[l-x t]  (3.2.9) 

Withh for stability: 0 < I K 4 and 0<x<l. 

Iff  we take the logistic equation (3.2.9), we can derive the following 
valuess for x: 
*/fo+i)=0// giving x0=0 and x0'=l; 
*f(x*f(x t+1t+1)=0,)=0, giving xmax=l/2; 
*f(x*f(x t+t+ i)=x,i)=x,  giving x*=(u-l)/u. 

Fromm the example in the former section, we know that there is a 
positivee steady state when xo<xmax. For cycles to occur, xmax<**  and 
XQ>X*XQ>X* giving: xo<xmax<x*<xo'.  For stability we have: f(xmax)<xo'; 
calculationss give i><49. 

Itt is known that: 
0<u<l:: x converges monotone to 0; 
l<u<2:: x converges monotone to x*=l-l/v; 
2<v<3:2<v<3:  x converges oscillatory to x*-l-l/v; 
3<i><3.575:: x converges to stable cycle of period 2"; 
3.575<D<4:: x behaves (transient) chaotic; 
4<u:: x becomes explosive and unstable. 

Chaoss appears at u=3.575 (Medio(1992,159) gives 3.569446). The critical 
valuee of v is found using the Feigenbaum number by applying (see 

Gabischh and Lorenz(1989), 180, Hommes(1991), 7): lim Vjl" ""-1 = 4.6692 

Betweenn 3.575 and 4 the possibilities for dynamical behaviour to occur 
aree numerous. Medio(1992, 155) remarks: "At present it is not generally 
possiblepossible to detect the values of the parameter r [v above] for which the 
asymptoticasymptotic motion is periodic, aperiodic or chaotic". In the literature 
differentt definitions of chaos are used. This distinction is beyond the 
purposee of the present expose, so the reader is referred to Medio(1992) 
andd others. For the purposes here, the erratic behaviour of the business 
cycle,, it is enough to know that in the interval i>=3,5-4, aperiodic and 
(transient)) chaotic time paths are possible. 

^Thee transformation is the following: 

x,x, = apk. ->k.=  —.This gives t + 1 = — x.[l  - x,] -> x. . . = vx.\l- x,] tt t t ap ° ap p H tl f + 1 tl *J 

vv = aa 
9f(l/2)=u(l/2)-u(l/4)=(l/4)u<l->u<4. . 
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2.2.22 Finding chaos 

BifurcationBifurcation diagrams 
Thee method of finding chaos by taking iterations of the original 
functionn and plotting these in graphics is rather laborious (see Baumol 
andd Benhabib(1989)/ Langen(1992)). To analyse the behaviour of a 
systemm as the function of one parameter, bifurcation diagrams are often 
usedd instead. Sometimes the bifurcation diagram can be determined 
theoretically,, more often it has to be determined by numerical 
simulations.. A dynamical system is simulated over a long period, f=0 .. 
n,n, (XQÏX*), after which the outcomes of the following periods, t=n+l  .. 
n+m,n+m, are shown as a function of the changing parameter. If, for each 
valuee of the parameter, only one point occurs, the system converges 
towardss a stable equilibrium point. When two points occur, a 2-period 
cyclee exists, n points occur when there is a n-period cycle. Chaos and 
quasi-periodicc behaviour are shown as a continuous line for the given 
parameterr value. The most well-known bifurcation diagram is that of 
thee logistic equation, depicted in figure 3.2. 

1 . 988 2 . 49 3 . BB 3 . 51 ' 

Figuree 3.2: The bifurcation diagram for the logistic equation: xt+1 = v x xt x (1 - xt), 

2<u<4 4 

Ass seen before, the logistic moves towards an equilibrium point, in 
figuree 3.2 shown as a line for 2<u<3. For 0=3.1, there is a period two-
cycle.. When v rises a succession of 2n-period cycles follows. For i»3.5 
periodicc and chaotic behaviour can be observed. For some values of v 
(forr example u=3.83) a so-called 'window' can be observed in which the 
systemm returns to 'regular' behaviour. 
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LyapunovLyapunov characteristic exponents 
LyapunovLyapunov characteristic exponents are named after the Russian 
mathematiciann Lyapunov, who initiated this line of research on 
dynamicallyy systems at the start of the former century. Hommes(1997) 
andd Medio(1992) define Lyapunov Exponents (LE's) as a measure for: 
"the"the average rate of divergence of nearby initial states" 
(Hommes(1997),, 50). A characteristic feature of chaotic systems is the 
dependencyy on the initial value. Nearby initial states diverge at an 
exponentiall  rate, but since the time path is bounded, they have to 
convergee at other times: if we observe a bounded time path, but a 
positivee Lyapunov characteristic exponent, the underlying system is 
chaotic.. Medio(1996, 121) states: 'the (average) divergence of orbits can 
onlyonly be locally exponential, whereas globally there must be a process of 
'folding''folding' which merges widely separated points and keeps the motion 
bounded.bounded. It is precisely this combination of stretching (measured by 
positivepositive LCEs) and folding that produces chaos". 

Givenn a p-dimensional system: 

Then,, the difference after n iterations, starting from two initial states, 
xo+hxo+h and XQ (close in each other neighbourhood) given by: 

\\F"(x\\F"(x00+h)-Fn(xo)\\ +h)-Fn(xo)\\ 
whichh equals approximately 

|| | (DrfPM) | |; 
withh DxoFn as the Jacobian matrix of Fn, evaluated at XQ. In a p-
dimensionall  system, p different LE's can be calculated. The largest LE is 
characteristicc for the behaviour of the model: it can be shown (see 
Hommes(1997)) or Medio(1992)) that the average stretching or 
contractingg in the p possible directions equals the largest Lyapunov 
characteristicc exponent LCE. The LCE is defined as: 

^^HK^H ) ) 
Attractorss can be characterised by the sign of the LCE's (Medio(1992), 
122): : 
1.. Fixed points:
2.2. Limit cycle: (0,-,...,-) 
3.. T"-torus: (0,..0,-,. ; 0 for n times 
4.. Strange or chaotic attractors: (+,..,+,0,-,...,-) 

Or,, as Hommes(1997, 51) states: "The largest LCE is a measure of the 
sensitivitysensitivity of initial states and the typical long run predictability of the 
system". system". 

Thee different patterns of behaviour of the logistic equation, as seen in 
figuree 3.2, are also observed when the LCE is plotted as the function of 
thee parameter v (figure 3.3). A 'window' is shown for v slightly above 
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3.8.. Other windows wil l be visible for u>3.6, if the distance between 
differentt values of V is taken smaller (see for example, Hommes(1997)). 

-2.55 -L 

Figuree 3.3: The LCE's as function of v, 2<u<4. 

Inn the following chapters the methods of the bifurcation diagram and 
thee Lyapunov characteristic exponent are used to demonstrate the 
occurrencee or absence of chaos. To simulate these models for a large 
numberr of periods (50,000-100,000 or more), the determination of the 
LCE'ss and the bifurcation diagram, a program designed by Medio and 
Gallio,, named DMC (see Medio(1992)) is used. Given the Jacobian 
matrix,, the DMC-program calculates the LCE's for a given system using 
thee original simulation and a newly defined matrix (for details, see 
Medio(1992),, 123/124). For short-term comparisons the spreadsheet 
programm MS-Excel is used, hence the difference in presentation. 

2.33 Empirical problems 

Onee generally accepted condition for the occurrence of chaos is the 
sensitivityy to initial states. A different initial value of a variable 
generatess different time series. In figure 3.4 two simulations are 
shown,, using the same logistic equation with t>=3.83. One simulation 
startss with Xo=0.6, the second with *o=0.59. It is known that in time, the 
systemm wil l settle into a three-period cycle. In the first four periods, 
bothh simulations follow the same path, but start to differ after the fifth 
iteration.. Whereas the simulation using xo=0.6 displays only small 
fluctuations,, the other simulation (xo=0.59) fluctuates largely. After 
somee time, the simulations come close together, but the time paths 
divergee again. Specific to the transient character of chaos in this 
examplee is the 'lock-in' in a three period cycle (not shown in figure 3.4), 
afterr time. There is again a difference between both time paths. The 
simulationss using 0.6 becomes regular at an earlier stage, for *o=0.59 it 
takess a long time before the time series settles in the period-3 cycle. 
Whenn the time path is purely chaotic (t>=4) the pattern of converging 
andd diverging time paths continues. 
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Figuree 3.4: Two simulations with the logistic equation taking different initial values. 

Thee existence of chaos has important implications for modelling, 
testingg and forecasting in economics. 
1.. The problem to distinguish between deterministic 'chaotic data' and 
randomm 'white noise'. Research is done to develop new econometric 
methodss to test for the chaotic dimension of empirical systems. These 
methodss -in general- need (very) long time series, which are not 
alwayss available. Scheinkman(1990) shows the present time series to be 
tooo short to draw conclusions with respect to the existence of chaos, at 
leastt with the estimation techniques available. Grauwe et al.(1993, 185) 
state:: "Several authors come to the conclusion that at least 5000 
uncorrelateduncorrelated datapoints would be required". This partly explains the 
usee of financial data in empirical research of chaos. Share prices are 
registeredd frequently, so large data sets are available. 
2.. Testing and forecasting rely strongly upon the accuracy of the 
empiricall  data, due to the dependence on initial values. As can be seen 
inn figure 3.4 a difference of 0.01 in the measurement of a variable 
causess large deviations between the two simulations. Assuming a 
researcherr to have 'guessed' the right structure of the economy, this 
discrepancyy between the estimations and realisations would cause the 
rightt structure to be rejected. Even if the right structure of a model 
weree accepted by some tests, a small error in measurement would 
resultt in highly unreliable forecasts. Van der Ploeg(1986, 161) 
concludes:: "prediction and control of chaotic economies may be almost 
impossibleimpossible as the qualitative dynamics depend crucially upon the 
structuralstructural parameters and initial conditions and these are typically 
affectedaffected by measurement errors". Yet, Kelsey(1988) reviews research in 
thee influence of unexpected changes on the logistic. He concludes that 
becausee of the addition of exogenous error terms "an infinite number 
ofof orbits are lost. In contrast chaotic behaviour if anything becomes 
moremore common as the noise level is raised. Because of this relative 
sensitivitysensitivity of cycles to random errors, a case can be made for paying 
moremore attention to chaotic solutions than to cyclic solutions" 
(Kelsey(1988),, 14). 
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Testing Testing 
Usingg different tests Scheinkman(1990, 41) shows that it is not possible 
too reject the existence of chaos in many time series (also see the 
evidencee reported in Dechert(1996)). Another research concludes: 
"Thus,"Thus, although we [Grauwe et al.(1993, 243)] find some evidence for 
chaos,chaos, it cannot be said that it is conclusive. There are several possible 
reasonsreasons for the lack of conclusive evidence .. the number of datapoints 
.... noise masks chaos". Serletis and Dormaar(1996) tested for chaos on 13 
seriess of prices such as exchange rates, oil, gold and gas. Applying 
severall  tests, their results are mixed: for some variables the existence of 
chaoss is accepted yet by other tests it is rejected. Other tests and 
empiricall  applications, given in Dechert(1996) and Barnett(1996), 
confirmm these results. 

2.44 Controlling chaos 

Thee control of chaotic systems is still in its early stages of research. An 
examplee given by James Yorke (verbal presentation at Woudschoten, 
1993)) is the distance navigation of a spacecraft, following a potential 
chaoticc course. By small but continuous corrections it was possible to 
keepp its flight within a boundary of the desired direction. In a 
mathematicall  article, Ott, Grebogi and Yorke(1994) show the possibility 
too dampen fluctuations in a chaotic model if: 
1.. the model is unknown, but can be approximated by experiments 
2.. the influence of noise is low 
3.. the model is of low dimension 
Thee method they suggest is the following: given a chaotic system, there 
aree an unlimited number of unstable orbits, which can be preferred to 
thee present state of the system. By choosing an appropriated interval, 
thee system can be stabilised by changing the control parameter. "In 
conclusion,conclusion, we have shown that there is great inherent flexibility in 
situationssituations in which the dynamical motion is on a chaotic attractor. In 
particular,particular, by using only small (carefully chosen) parameter 
perturbationsperturbations it is possible to create a large variety of attracting periodic 
motionsmotions and to choose amongst these periodic motions the most 
desired"desired" (Ott, Grebogi and Yorke(1994), 295). This research is further 
advancedd in the following articles in Ott, Sauer and Yorke(1994). 

Christianoo and Harrison(1997) describe an economy, which is perfectly 
competitivee with linearly homogeneous production functions in 
capitall  and labour. There is an externality with respect to the 
productionn function of the individual firm, which shifts upwards 
whenn average production is high. The economy displays sunspots: "If 
allall  households act on the conjecture that the current period's wage rate 
isis high by supplying more labor services to the market, then the 
market-clearingmarket-clearing wage is high because of the externality on labor. 
Similarly,Similarly, if households act on the conjuncture that next period's 
rentalrental rate on capital is high, by buying more investment goods today, 
theirtheir conjecture will  be validated" (Christiano and Harrison(1997), 5). 
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Givenn the possibility of chaos (see for the conditions of chaos 
Christianoo and Harrison(1997)/ section 4), they analyse two kinds of 
counterr cyclical policies, reducing the possible equilibria to one 
equilibriumm with constant production. Firstly, they define a pure 
automaticc stabiliser without distorting effects: a procyclical tax rate rule, 
whichh is zero in equilibrium, which is shown to be sub optimal. The 
secondd policy is that of an automatic subsidy, to internalise the 
externality,, which is proven the optimal solution. 
Byy implementing these policies, the structure of the model is adjusted 
inn such a way that the occurrence of chaos is not possible anymore. The 
secondd automatic stabiliser is, in terms of welfare, superior to the first 
policy.. It depends, however, strongly on an exact knowledge of the 
economicc structure, the absence of which being one of the arguments 
inn favour of automatic stabilisers. It is therefore not clear if automatic 
stabiliserss can be used to stabilise a chaotic economic environment 
beyondd its 'natural' unemployment rate. 

Fromm the above three ways of 'controlling chaos' can be derived: 
1-- by continuous adjustment through exogenous shocks; 
2-- by changing the control parameter within a stable boundary; 
3-- by adjusting the structure of the system to remove the crucial 
non-linearities. . 

Al ll  three methods require a good knowledge of the structure and the 
presentt state of the system. In economics, the first method resembles a 
policyy of active demand management and is subject to the same 
objectionss (Friedman's inside and outside lag, magnitude of the 
adjustment).. Changing parameters, the second method of control, is 
oftenn difficul t in a free market economy, because it requires 
interventionn in the behaviour of economic agents. If the goal of such a 
policyy is unclear or unfavourable, (rational) economic agents wil l try to 
eludee these regulations, whereas the effect on the aggregate economy is 
uncertain.. The last method involves the transformation of the 
structuree of the economy, i.e. by introducing an automatic stabiliser or 
changingg the behaviour of the economic subjects. The policy of 
influencingg economic behaviour is subject to the same criticism as the 
changingg of the control parameter. The reason for implementation of 
automaticc stabilisers is often the uncertainty about the precise structure 
off  the economy, which is one of the mean reasons for not intervening 
withh a chaotic system. 

Concluding,, if the economy can be represented by a mathematical 
chaoticc model, control over fluctuations requires a comprehensive 
knowledgee over the structure and the present, as well as the desired 
statee of the system. Interventions in a system of free markets and 
agentss should take the form of small corrections or the setting of 
structurall  conditions. A 'Grand Design' wil l at least be ineffective or 
evenn enlarge fluctuations. 
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33 Summary and conclusions 

Inn the introduction of this chapter, there was a reminder of the 
controversy,, described in the former chapter, between exogenous and 
endogenouss business cycle approaches. Besides the theoretical disputes, 
mathematicall  and empirical arguments have been used to supply 
argumentss for the stability of the economy. Mathematical models of 
thee endogenous business cycle, as for example the Keynesian 
multiplier-accelerator-modell  or the predator-prey model of Goodwin, 
havee been criticised for: 
-thee specific and narrow parameter range for the critical parameter; 
-thee regularity in both amplitude and period of the fluctuations. 
Randomm shocks in stable models seem to provide a better description 
off  the empirical data. 

Inn this chapter chaos was introduced, using the well-known logistic 
map.. Even in a simple tax-production model erratic fluctuations occur, 
becausee of the non-linearity introduced by the quadratic taxes. Then 
somee general theorems were given, as derived from the extensive 
researchh into the logistic map, followed by some methods to determine 
thee existence of chaos in a non-linear model. 

Empirically,, the property of chaos to resemble 'white noise' poses a 
majorr problem. Firstly, accurate measurement is important: small 
deviationss of the initial value of a variable result in large forecasting 
errors.. Secondly, large data sets are necessary to distinguish 
endogenouss chaos from exogenous disturbances. Given these 
problems,, empirical work cannot reject with certainty the existence of 
chaoss in economic reality, but it cannot confirm it either . 

Too control chaotic systems, there are three methods. Either a variable is 
continuouslyy monitored and corrected through discrete actions within 
certainn boundaries or the crucially non-linearity is removed by 
adjustingg the control parameter(s) or the structure of the aggregate 
system.. The first method requires knowledge of the magnitude of the 
'stable'' boundaries. Corrections that are too small are ineffective, 
correctionss that are too large cause the variable to enter the unstable 
corridor.. Comprehensive knowledge of the properties of the system, its 
variabless and parameters, is required for the second method. For 
economicc systems, this involves also interfering in the behaviour of 
thee economic agents, which is subjected to great uncertainties. 

Afterr this short introduction in chaotic dynamics of the logistic and the 
empiricall  problems they bring about, different theoretical models are 
presentedd in the next chapter. These models generate chaotic 
behaviourr for a number of different (economic) reasons. To give proof 
off  this, the mathematical description of the crucial mechanics is 
reducedd to the logistic. By doing this it is possible to highlight these 
assumptions,, which are mainly responsible for the occurrence of chaos. 
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CHAPTERR 4 

CHAOTICC DYNAMIC S IN ECONOMIC THEORY 

"Accounting"Accounting for the pervasive and complex dynamics of market economies 
isis a strong test of theoretical ingenuity and robustness" 
(Jarsulicc (1993), xii) 

11 Introduction 

Thee 'chaotic business cycle theory' accommodates the criticism of Frisch and 
Slutzky,, in the sense that the generated time series are not regular in 
intensityy and periodicity. The claim that business cycles are the product of 
purelyy unpredictable and unexplainable shocks is rejected, because of the 
deterministicc character of the models. Once an economy leaves its 
equilibriumm position, it shows endogenous deterministic, but erratic, 
fluctuationss based on the structure of the economy. 

Inn this chapter, short-term chaotic fluctuations are shown to occur because 
off  different economic assumptions. Firstly, an economy with perfect 
competitionn and utilit y maximising behaviour is analysed (2.1). Chaos can 
alsoo arise in economies with market imperfections, such as imperfect 
competitionn (2.2) and financial imperfections (2.3). Paragraph 3 analyses 
chaoticc growth. Chaotic dynamics are also used to explain dynamic 
behaviourr in other economic fields such as regional economics, 
environmentall  issues, exchange rates and game theory. However, since this 
thesiss is about macro-economic fluctuations these other applications are not 
treatedd here (see for references: Puu(1989), Grauwe and Dewachter(1993) and 
Grauwe,, Dewachter, Embrechts(1993), Rosser(1991)). 

Thee mathematical form of the different models presented in this chapter is 
adjusted,, so the dynamics can be described by using the logistic equation1. 
Somee models have already shown to generate chaotic fluctuations, others 
(especiallyy the financial models in sub-section 2.3) have not. The object of 
thiss chapter is to determine the essential requirements for chaotic 
fluctuations,, using the original assumptions; it is not to determine the 
existencee of chaos for a broad range of mathematical versions of these 
models. . 

ll nn the following we will often refer to the logistic equation, or logistic map as it is called as 
"thee logistic". See chapter three for the mathematics. 
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2.. Chaos and the business cycle 

2.11 Chaos with perfect competition and perfect informatio n 

Thee overlapping generations model has become a major vehicle for 
intertemporall  analysis in the last two decades2. This type of model assumes 
aa choice theoretic foundation: economic subjects optimise their utility , 
havingg perfect foresight. Al l prices are flexible, so markets clear at all dates. 
Generally,, overlapping generation models exhibit stable steady states under 
thesee assumptions. To generate fluctuations, they depend on exogenous 
shocks.. The discovery of chaos in this type of model was seen as an 
importantt critique of the new- and neo-classical models. 
Grandmont(1985,, 996-997) states: "The purpose of this work is to 
demonstratedemonstrate that, by contrast to currently accepted views, a competitive 
monetarymonetary economy of which the environment is stationary may undergo 
persistentpersistent and large deterministic fluctuations under laissez faire; that these 
cyclicalcyclical fluctuations may display moreover the sort of correlation's that 
recentrecent Classical macroeconomic models have sought to incorporate, even 
underunder complete information, without having to make the ad hoc 
assumptionsassumptions that cycles are due to exogenous shocks; and finally, that the 
Government,Government, in the face of such autonomous deterministic fluctuations, 
hashas in principle the power to stabilize the economy by implementing simple 
deterministic-anddeterministic-and publicly known-countercyclical policies". 

OverlappingOverlapping generations and chaos 
Inn 1973, David Gale presented a paper on overlapping generation models, in 
whichh he made a distinction between two kinds of economies: 
aa Samuelson economy, in which the young want to transfer value to the 
nextt period (positive savings), and 
aa classical economy, where the young dissave and refund when old 
(negativee savings). 

Benhabibb and Day(1982) use a non-monetary exchange economy, similar to 
Gale(1973),, to explain the business cycle. Benhabib and Day(1982, 42) "show 
[forr the classical case] that cyclical trajectories may oscillate without ever 
convergingconverging to a cycle of any order", if the utilit y function satisfies the 
"sufficient"sufficient substitutability condition" (Benhabib and Day(1982), 44). They 
show,, furthermore, the equivalence between an exchange economy and a 
monetaryy economy. The Samuelson economy is not explicitly treated 
becausee the forward dynamical path is not uniquely determined. Given a 
preferredd level of loans, the choices of the old and young generations can 
conflict.. Grandmont(1985) uses an overlapping generation model with 

^Seee for example Fürstenberg (ed.), von Mv Social Security versus Private Saving (Cambridge, 
1979)) and Part 4: Debt neutrality and financial "crowding out' in Buiter, W., Macroeconomic 
TheoryTheory and Stabilization Policy (Manchester, 1989) for theoretical and empirical work on 
Ricardiann equivalence and bequests, see for an survey Blanchard and Fisher(1989) and 
Weddepohl(1990). . 
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labourr (leisure) and consumption in the utilit y function, in contrast with 
Gale(1973)) and Benhabib and Day(1982) who only incorporate consumption 
inn the utilit y function. Grandmont(1985) describes the occurrence of chaos in 
thee Samuelson case. The positive demand for money requires the expected 
reall  interest rate to be above the ratio of marginal indirect utility . The same 
methodologyy as in Benhabib and Day(1982) can be used to prove the 
existencee of chaos using backward-looking dynamics (solving the model 
backwards,, starting at t=k reasoning back towards f=0 (for details, see 
Grandmont(1985),, 1007, Weddepohl(1990), 294)). To prove the appearance of 
chaoss in a forward-looking way, Grandmont(1985) turns his attention to the 
processs of learning. The summary in this section is based on 
Weddepohl(1990).. Using the logistic equation, both the Samuelson and the 
classicall  case are shown to exhibit chaotic behaviour. 

TheThe model 
Thee following assumptions are made: 
-- there are two generations alive in every period (y for young, o for old); 
-- the individual lives for two periods (t, t+1); 
-- people consume a single perishable good (cf); 
-- the individual receives an endowment, divided over the two periods of 
hiss or her life: w=(wy, w°); 
-- income is saved, using money (m) as means of storage; 
-- the endowments are equal for all generations (zov=wy't=wV'r+i=.., 
ww00=w=woo

-- there is perfect foresight, the expected value of pt+\ equals the actual price 
inn f+1. 

Too simplify the representation below (population) growth is ignored, 
contraryy to the models mentioned above. Al l individuals are assumed to 
havee the same preferences, so the economy can be modelled as if there are 
onlyy two individuals: a young and an old consumer. Firstly, the individual 
decisionn process is modelled. The possibilities of the young consumer are 
boundedd by its lifetime endowment. The budget constraint of a consumer 
bornn at Ms in the first period of her life: 

ppttccyy
tt +mt = ptw

y (4.2.1.1) 

Inn the second period, the consumer is constrained by: 

PtPt++ icli=rnicli=rn tt+p+p t+1t+1w°w° (4.2.1.2) 

InIn the first period, being young, the consumer can consume more or less 
thann her endowment. Consuming less than first period income wil l result 
inn (nominal) monetary savings (m^>0), consuming more is financed by a 
(nominal)) credit account provided by some sort of financial institution 
(mf<0).. Gale(1973, 27-30) and Benhabib and Day(1982, 49) give examples of 
severall  different institutional arrangements. 
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Combiningg equation (4.2.1.1) and (4.2.1.2) using the definition of excess 
demandd (z~w-c) gives the intertemporal budget constraint: 

2 y + z ° + 11 = 0 (4.2.1.3) 
Pt Pt 

Thee consumer maximises an utility function 

(u(z(u(zyy
tt,z°,z°t+t+ XX with: ^ - = W>0;  ̂ = U° >0), subject to (4.2.1.3). This gives 

\\ ' dzf dzt 

thee usual first order conditions, with V = the indirect utilit y function: 

MlMl==  = l (4.2.1.4) 
WW pt v 

Thee consumer equates the marginal utilit y ratio to the price ratio over the 
twoo periods, whereas the ratio between marginal utilit y is given by 1/V. The 
steadyy state requires V=l , giving equal marginal utilit y for both periods, so 
thee price level does not change. 

Thee goods market clears, so the market clearing condition (the material 
balancebalance constraint in the terminology of Benhabib and Day(1982)) in period t 
is: : 

ppttcf+pcf+pttcf=pcf=ptt^+p^+pttw°w° (4.2.1.5) 

Usingg the definition of excess demand, dividing by ptf this can be written as: 

-z°-z°tt = z? (4.2.1.6) 

Forr the supply and demand of the good to be in equilibrium, (dis)savings of 
thee young generation have to be equal to the (dis)savings of the old 
generation.. The real savings of the old generation are given, predetermined 
byy decisions in the former period. The savings of the young generations 
havee to adjust to the 'old' savings, clearing the goods market. The savings 
whenn young and when old depend upon each other, so the dynamics in this 
modell  can be solved by replacing &t with z°t+\. The savings of the old 
generationn in period t+l  can be written as a function of the savings of the 
oldd in t using (4.2.1.3), (4.2.1.4) and (4.2.1.5) to derive the dynamics of the 
model: : 

"t+i "t+i == Vz°t (4.2.1.7) 

Benhabibb and Day(1982) prove the existence of chaos in the classical case 
(z°>0),, defining conditions on V, which is labelled the "sufficient 
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substitutabilitysubstitutability condition". They give some examples of utilit y functions 
whichh satisfy the conditions for chaos (Benhabib and Day(1982), 44-46). 

Grandmont(1985,, 1023) shows the occurrence of chaos in the Samuelson 
casee (z°<0), concluding "the more a trader's relative degree of risk aversion 
increasesincreases as he gets older, the more likely is the emergence of cycles". 
Weddepohl(1990)) gives a survey of these models. 

AA logistic interpretation of zt+i 
Ass stated above, the objective of this subsection is not to show the existence 
off  chaos for a large class of utility functions, but to show how the 
conclusionss of Benhabib and Day(1982) and Grandmont(1985) can be reached 
inn a simpler model that incorporates the logistic equation. The model is 
solvedd using the indirect utilit y function V, which represents the price ratio 

(pt+i/pt),(pt+i/pt), instead of using the utilit y function,U\zf ,z°+1). By assuming V to 

bee a linear function, the problem of undetermined behaviour in the case of 
forward-lookingg perfect foresight dynamics is avoided (see 
Grandmont(1985),, 1007). As in the literature a distinction has to be made 
betweenn the classical (Vc) and the Samuelson case (Vs). 

Inn the classical case, z°>0. The price ratio should be such that the agents, who 
aree young in t, are prepared to spend more than their income (zy<0), 
financingg this excess demand with the repayments of debts of the generation 
thatt is old at t (zy=wy-cy=-(w°-c°)=-z0). As the debt payments of the old 
generationn in t rises, the young generation has to be induced to spend more, 
soo the relative price of the good in t has to decline relative to the price in 
M-l.. Assume Vc to takes the form of: 

VVcc = p(a-yz?) (4.2.1.8) 

Equationn (4.2.1.8) states that marginal utilit y of the young generation 
decliness when the predetermined level debt offered by the old generation 
rises.. Equation (4.2.1.4) gives the accompanying price relationship. When 
thee old generation uses a large part of their income to reimburse their debts, 
thee demand for goods declines. This induces a decline in the price level, pt. 
Presentt consumption becomes cheaper, compared to future consumption, so 
thee younger generation makes more debts, compensating for the decline in 
consumptionn of the old generation. Marginal utility , defined in this way, is 
consistentt with the conditions as in Benhabib and Day(1982): utilit y rises 
withh young consumption, but at a declining rate in cV. The parameter j8 
measuress the reaction of the young generation. Substituting (4.2.1.8) in 
(4.2.1.7)) gives the intertemporal dynamics, the familiar logistic: 
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Inn the Samuelson case, savings in the young period are positive (zy>0), so 
consumptionn in old age is above income (z°<0). Equation (2.1.8) wil l cause 
thee model to become unstable. This equation is therefore replaced with: 

VVss=^(a=^(a + yz°) (4.2.1.10) 

InIn contrast with the former case, the old generation consumes more than 
theirr income, because of the positive savings in the former period. A rise in 
z°,z°, a decline in savings in the young period, wil l lead to a decline in 
consumption.. Analogous to the former case, this induces a rise in the 
presentt price relative to the future price. Equation (4.2.1.10) gives the 
dynamicc equation3: 

z?+ii  =/&?(« + !*?) (4.2.1.11) 

Thee sensitivity of the consumption of the young for savings of the old is 
againn given by /?. In both cases, the possibility of fluctuations depends 
positivelyy on the importance given to old age consumption, as in 
Grandmont(1985). . 

Thee description above confirms the findings of Benhabib and Day(1982) and 
Grandmont(1985).. It shows that relatively simple reactions in a world not 
unlikee that of the new classical economics (rational, utilit y maximising 
consumers;; flexible prices) can lead to endogenous chaotic fluctuations 
withoutt monetary or technological shocks. 

ExtensionsExtensions of the original model: production and preferences 
Inn the Grandmont-model, as in the model above, there is no explicit 
productionn function. Income is earned in exchange for labour without a 
processs of transformation. Benhabib and Laroque(1988) develop a model 
withh an explicit production function. Reichlin(1986) and }ulien(1988) 
developedd other models, also using a production function. For more 
exampless see Benhabib and Laroque(1988) and Baumol and Benhabib(1989). 

Thee conclusion by Benhabib and Laroque(1988) is that cycles (and chaos) are 
possiblee in two cases. The first case is when the savings are a declining 
functionn of the interest rate, as in Grandmont(1985). This requires the 
substitutionn between the factors of production to be low. In the case of a 
positivee relationship between the interest rate and savings, cycles are 
possiblee when there is sufficient complementarity in the production 
function.. The cycle, as described by Benhabib and Laroque(1988), starts from 
aa positive deviation between the actual capital accumulation and the 
accumulationn in equilibrium (see Benhabib and Laroque(1988), 149). 

ss gives the logistic equation using the following transformation: 

byy taking TP=-X (remember z°<0), rewriting (2.1.11) as xr+I = 0r,(a-)«,). 

Thee Business Cycle 



4,, The chaotic approach to the business cycle 69 9 

Thee real yield on capital declines. The value of money in terms of the 
producedd good also declines, so the price of the good rises. This inflation 
increasess profitability. Capital accumulation grows faster because of the rise 
inn profitability and the demand for labour becomes larger than the 
(exogenous)) supply. Wages rise above the equilibrium wages and stimulate 
demandd for goods. The inflation, however, lowers real cash balances, which 
depressess demand. When the real cash balances decline below their 
equilibriumm level, savings are held in the form of money, not in real capital. 
Thee combination of a lower demand and inflation depresses real 
profitabilityy on capital, so accumulation declines. The cause of the cyclical 
adjustmentt is the interaction between the distribution of income and the 
reall  balance effect. 

Vilder(1996)) analyses a two-dimensional overlapping generations model 
withh productive investment and capital accumulation in which current 
leisuree and future consumption are gross substitutes. To model production 
hee uses a Leontief production function and a CES utilit y function to model 
thee consumption-leisure decision. This leads to a second order difference 
equationn in production: yt+2=fiyt+\>Vt)-  Vilder(1996), then, shows the 
occurrencee of complex dynamic behaviour in the neighbourhood of the 
autarkicc steady state, depending on the degree of substitution in the CES 
utilit yy function. 

Medioo and Negroni(1996) show the existence of different 'routes to chaos' by 
usingg numerical analysis and simulations. They analyse four variations of 
thee overlapping generations models with production. These variations of 
thee base model are derived by making different assumptions with respect to 
preferencess and technologies (/=labour, fc=capital, c=consumption quote, 
M=utility ,, others parameters). As to the first period utilit y they assume either 
constantt absolute risk aversion (CARA: u(c) = -re~c) or constant relative risk 
aversionn (CRRA: u(c) = a~lca; 0<a <l). Production takes place using a Leontief 
technologyy (f(l,k) = mm(al,bk)) or a CES technology 

(f(n)) = a[Sn-p +1 - ö]'1'";  n = = //it). 

Medioo and Negroni(1996) conclude that the possibility of erratic fluctuations 
iss independent of an inverse relationship between savings and the interest 
ratee (taking 0<c<l in all versions) and of the fixit y of the factors of 
production,, although chaos only occurs for low levels of substitution: "the 
possibilitypossibility of defining forward dynamics crucially depends on the choice of 
thethe utility function for consumption in the second period, whereas the 
occurrenceoccurrence of complex dynamics also depends on the interaction of the 
utilityutility  function for consumption in the first period and the production 
function"function" (Medio and Negroni(1996), 3). 

Thee models discussed here are neo-classical in the sense that they assume 
pricee flexibilit y and perfect competition. This is done to obtain compatibility 
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withh new classical models. A drawback of these models is the high level of 
abstraction,, making them vulnerable to the criticism of non realistic 
assumptionss and the verdict that "Each time period has to be interpreted, 
empirically,empirically, as equivalent to 30-40 years which makes it impossible to define 
observableobservable counterparts for the variables of the model" (Boldrin{1988), 63). 
Inn the following two paragraphs fluctuations are generated in models that 
introducee market imperfections. 

2.22 Chaos with imperfect competition 

Althoughh the overlapping generations model provides a general framework 
off  research, the assumptions are very restrictive and unrealistic 
(representativee agents, perfect foresight, clearing markets). Markets are often 
characterisedd by imperfect competition. This can also be a source of chaotic 
fluctuationss as shown by Rand(1978), who modelled a duopoly. A firm 
choosess a level of production, which maximises profits, given the reaction 
off  the competitor. This reaction curve is assumed to be a non-linear hill -
shapedd function (as the logistic). Rand shows that chaotic dynamics are 
possible. . 

Vann Witteloostuijn and van Lier(1990a, b) extend the Rand(1978)-model in 
twoo ways. Firstly, they give a rationalisation for the non-linearity of the 
reactionn function. Secondly, Rand assumed the monopolistic production (qm 

inn figure 4.1) to be zero, whereas van Witteloostuijn and van Lier assume 
qqmm to be above zero. Since the last assumption does not influence the 
dynamics,, the description of the van Witteloostuijn-van Lier model below 
concentratess on the first extension of the Rand(1978)-model. Since, the 
dynamicss of the logistic equation have been discussed in chapter three, this 
sectionn concentrates on the rationalisation for the behavioural assumptions. 
Thee equations used by Witteloostuijn and van Lier( 1990a) are quoted, but 
thee mathematical proof is omitted (see Van Witteloostuijn and van 
Lier(1990b)). . 

Assumee a new firm (labelled j , production is given by q) to enter a 
monopolisticc market. The (former) monopolist (i) has two possible 
strategies. . 
A.A. Strategic complements 
Givenn the short-term capital stock, the monopolistic firm can enlarge its 
productionn above the present production, to drive out the entering 
competitor.. This expansion is possible up to a certain level. Above this level 
off  production expansion stops either because of full utilisation of the capital 
stockk or as losses on sales become prohibitive. 
B.B. Strategic substitutes 
Thiss alternative strategy assumes the former monopolist to be less 
aggressive.. The firm decides to 'share' the market with the entering firm. 
Productionn is decreased in reaction to the entering of the new firm. 
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Vann Witteloostuijn and van Lier(1990a) combine strategic substitutes and 
complementss and define the following behaviour of the monopolistic firm 
(seee figure 4.1a). When the newcomer's production at the time of entry is 
beloww cfj*, the former monopolist increases its production above the 
monopolisticc level Cjm, using its excess capacity. As the production of the 
monopolistt approaches q1*, the production capacity reaches its upper limi t 
orr losses become prohibitive. When the newcomer chooses a production 
levell  above qj*, it does not benefit the old firm to behave aggressively. The 
monopolistt chooses to become an accommodator and reduces its 
production.. The reaction function, rl, in figure 4.1a is a logistic, following 
thee expose of van Witteloostuijn and van Lier4, in which the control 
parameterr measures the sensitivity of the production of the old firm i to the 
productionn of the new firm;'. 
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Figuree 4.1: Action and reaction with imperfect competition. 
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Too determine the adjustment process, the behaviour of the new firm has to 
bee defined. Van Witteloostuijn and van Lier(1990) propose three different 
possiblee behavioural assumptions. 

^Too describe the behaviour of firm i they use q' =l-oi  q! -l + -y= . Compare Collet and 

Eckmann(1980)) who use xM = l - ex). 

Thee Business Cycle 



4.. The chaotic approach to the business cycle 72 2 

First,, assume the new firm to be an imitator. When the former monopolist 
increasess its production, the new firm follows. The reaction function of the 
enteringg firm ƒ can be described as: 

r>(<7')) = <7' (4-2.2.1) 

Thee reaction function can be drawn in the same qi-q* space as the reaction 
functionn of i. This is the 45°-curve in figure 4.1b. Assume firm ;' to enter 
withh quantity qio- Firm i reacts with a rise in production from qm to qjj. 
Followingg (4.2.2.1) firm j imitates this quantity. The reaction of firm i is qii, 
andd so on. It is clear, from the expose in chapter three, that given certain 
valuess of the control parameter cyclical, aperiodic and chaotic behaviour is 
possible. . 

AA second behavioural assumption made by van Witteloostuijn and van 
Lier(1990a,, b) is the case of the entrant as accommodator. The new firm 
adjustss its behaviour to the monopolist (see figure 4.1c). The two firms 
'share'' the market, with total production remaining constant. Take total 
productionn to be normalised to one, the reaction function is given by: 

rV )) = W=<7; (4-2-2.2) 

Assumee the new firm to enter with a production above the quantity for 
whichh qi=qi, for example qi0 in figure 4.1c. Firm i reacts with a rise in its 
productionn from qm to qlj. This aggressive behaviour leads to a reduction in 
j'sj's production to q)\, and further. The way production moves in the long 
runn (to the equilibrium or a (un)stable cycle) depends on the slope of 
reactionn function r' in the intersection point with ri. 

Thee last case treated by van Witteloostuijn and van Lier(1990a, b) is the case 
off  two similar reaction functions (see figure 4.Id). When the old firm 
increasess its production, the new firm follows as long as the new production 
levell  lies below some optimal level (behave like the imitator), above this 
levell  the new firm behaves as an accommodator, lowering its production. 
Vann Witteloostuijn and van Lier(1990a, b) prove that chaotic behaviour can 
exist.. Which state occurs, the long-term equilibrium (in one of the three 
pointss of intersection) or (un)stable cycles, depends, as before, on the 
parameterss of the reaction functions, but also on the initial values of the 
production. . 

EmpiricalEmpirical problems 
Ass important as the occurrence of chaos on the microeconomic level, due to 
thee assumed market imperfections, is the disappearance of chaos on a 
macroeconomicc level. 
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Whenn the new firm imitates the old monopolist, chaotic behaviour of the 
monopolistt causes the imitator to behave in a chaotic way. Macroeconomic 
production,, then, also exhibits chaotic fluctuations. 
Inn the case of the accommodator, firm i enlarges its production when the 
productionn of the former monopolist is low and vice versa, macroeconomic 
productionn wil l not change (Van Witteloosruijn and van Lier(1990b), 178). 
Highh production of one firm wil l be compensated by a low level of 
productionn of the other firm. If both firms behave in a chaotic way, in the 
casee of similar reaction functions, it is not clear what happens to 
macroeconomicc production. In some periods a high production of one firm 
iss neutralised by a low production of the other. In other periods a high or 
loww level of production of one firm wil l be enforced by the behaviour of the 
other.. For long periods macroeconomic production may seem to be stable, 
whereass the microeconomic behaviour is chaotic. The absence of chaotic 
fluctuationss in macroeconomic data does not prove the absence of chaos on 
aa microeconomic level. 

2.33 Financial chaos 

2.3.11 Financial markets 

Inn this section perfect competition is assumed again. The models above 
soughtt the source of fluctuations in the real sphere. Another sector in which 
chaoss theory is used to explain fluctuations, is the financial sector. The 
hecticc fluctuations in share prices can be explained particularly well using 
deterministicc chaos and much empirical work benefits from the long series 
off  data generated by financial markets (see section 2.3 in chapter three). 

Aiyagari(1988)) explains the prices of shares from a non-linear model in 
whichh a relationship exists between the actual and expected stock prices. Van 
derr Ploeg(1986) also reaches a quadratic relationship between present and 
futuree prices in financial markets, based on rational utilit y maximisation 
behaviourr of the lenders choosing between a one period bill and perpetual 
bonds.. The bifurcation parameter depends on the structural parameters (the 
degreee of risk-aversion, the degree of risk on bills) and policy variables (the 
couponn on bonds, the supply of bonds, the average discount factor). Changes 
inn preferences or policy can cause a stable model to become unstable and 
(givenn large enough changes) the occurrence of chaos. The dependency on 
policyy variables also increases the possibility for the monetary authorities to 
counteractt destabilising changes in preferences or exogenous changes in risk. 

AA second line of research in the financial markets concentrates on the 
heterogeneityy of expectations and behaviour of agents. Day and Huang(1989) 
andd Huang and Day(1989) distinguish three kinds of investors. Each group is 
characterisedd by its attitude towards risk and yield. This difference in 
behaviourr can account for the (chaotic) fluctuations in the prices of shares. 
Brockk and Hommes(1996a, 1996b) develop the concept of 'adaptive belief 
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systems',, referring to Keynes' animal spirits: "stock prices are not only 
determineddetermined by fundamentals, but in addition market psychology and 
investors'investors' animal spirits influence financial markets significantly" (Brock 
andd Hommes(1996b), 3). In their models, beliefs if) are modelled as (Brock 
andd Hommes(1996b)/ 10): 

fhtfht = ghxt-i+h 

With: : 
ƒƒ = beliefs 
hh = kind of agent 
tt = t ime 
xx = deviations of fundamentals 
gg = trend 
bb = bias of agent h 

Differentt kinds of traders use different predictors: fundamentalists assume 
g=b=0;g=b=0;  trend chasers take b=0; whereas some agents are purely biased, g=0. 
Brockk and Hommes(1996b, 22) conclude: "The bifurcation routes that occur 
seemseem to be closely related to the type of trader that dominate the market". 
Nott only the existence of different kinds of traders is a source of instability, 
alsoo the possible switching of predictor can explain part of the erratic 
behaviourr of share prices. Fundamentalists seem to stabilise the prices, 
whereass the other traders have a destabilising influence. This result is 
confirmedd by Grauwe, Dewachter and Embrechts(1993, 73), who analyse an 
exchangee rate model with fundamentalists and chartists (trend chasers). The 
occurrencee of chaotic dynamics poses a serious problem for both traders and 
researchers,, because "the chaotic dynamics considerably obscures the effects 
ofof fundamental variables on the exchange rate, this makes it very difficult ... 
toto detect the influence of fundamental variables on the exchange rate or to 
useuse them for predictive purpose" (Grauwe, Dewachter and Embrechts(1993), 
163). . 

Nonee of the models presented below uses the logistic equation. After 
introducingg the original model, the models are rewritten in terms of the 
logisticc equation to describe the dynamics, while preserving the economic 
contentt of the original articles. 

2.3.22 Finance and production 

Althoughh the models in this section search for the source of the fluctuations 
inn the monetary sphere, they deviate from the models mentioned above in 
twoo ways. Firstly, they assume an explicit relationship between financial 
fluctuationss and the real sphere. The second difference is ideological. The 
interactionn between the financial and real sectors is based on the perception 
onn the process of capital accumulation. Foley(1986) defines the cause of the 
cyclee as follows: "In the circuit of capital framework, [the capitalist crisis as 
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historicall  phenomena] can be expressed as systematic changes in the 
underlyingunderlying parameters of the accumulation process, the markups, 
capitalizationcapitalization rate, and time lags in production, realization and finance. 
TheseThese changes in parameters must force the system off its path of steady 
state",state", [so he concludes:] "In mathematical terms this type of explanation of 
crisiscrisis involves studying the non-linear relations among the parameters of 
thethe circuit of capital and between those parameters and capital accumulation 
itself'itself' (Foley(1986), 48). 

Profits,Profits, interest rate and liquidity 
Foley(1987)) models the relationship between monetary growth, investment 
andd the business cycle. To do so, he assumes there to be no constraints on 
resourcess for production. Furthermore, the wage rate is given and consistent 
withh the given profit rate on sales. Firms are maximising profits and 
identical.. Lastly, the price level is assumed to be constant. 

Firmss produce a homogenous output, using capital, labour and 
intermediaryy products. The stock of inputs is labelled the 'productive capital' 
off  the firm. Sales of the final product represent a decline in the stock of 
productivee capital and result in a rise of monetary assets. To obtain new 
productivee capital, the firms spend on capital outlays, which reduces the 
stockk of monetary assets. Foley assumes the cash balances to take the form of 
depositss with the banking system. Instead of financing the investments out 
off  their deposits, firms can borrow funds at the banks and from other firms. 
Firmss hold financial assets, which are the result of lending to, or borrowing 
fromm other firms. Finally, the monetary assets change because of interest 
payments. . 
Givenn sales and the interest rate, firms determine the capital outlays and the 
amountt of lending and borrowing to maximise their profits on sales. 

Too solve the model, two assumptions have to be made. Firstly, total wage 
incomee is consumed and all profits are reinvested. Since wage payments are 
partt of the capital outlays, for the aggregate economy total sales (5 = 
consumptionn + investment) equal total capital outlays (C- wages + 
investment). . 
Secondly,, the interest rate is determined by equilibrium at the market for 
loanablee funds: 

bb = I + Am 

With: : 
bb = borrowing 
// = lending 
Amm = growth rate in monetary assets 
(alll  as ratio of production, X) 
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Usingg the aggregated balances of firms and banks, Foley determines the 
followingg dynamical equations for the economy (variables and parameters 
ass in Foley(1987)): 

mm = (g-r)m (4.2.3.1) 

Thee monetary assets, the liquidity of the firms, grow with an exogenous 
growthh rate, g, minus the rate of investment, which is equal to the profit 
ratee (r=qS/X, r=profit rate; ipexogenous profit rate on sales (S)). 

Thee growth of financial assets equals net borrowing (b-gm; with b assumed 
too depend on the gap between the rate of profit and the interest rate (p=r-i) 
andd liquidity of the firms (m)), minus the costs of borrowing. 

==  a[r,m+f]-r  (4.2.3.3) 

Thee rate of profit increases with an increase in sales, which is equal to the 

risee in capital outlays («[..] = % , depending on the profit rate and a 
financiall  constraint as represented by the total debt of the firms (m+f)) 
minuss the rate of investment. 

Thee conditions for the steady state follow from (4.2.3.1), (4.2.3.2) and (4.2.3.3): 

gg = a (4.2.3.4a) 

Investmentt equals the growth rate of liquidity. When the rate of investment 
iss above (below) the growth of monetary assets, net borrowing is positive 
(negative),, which raises (decreases) the interest rate, reducing (stimulating) 
investment. . 

r=gr=g  (4.2.3.4b) 

Becausee all profits are reinvested, the profit rate has to be equal to the 
growthh in liquidity for the firms to absorb the additional monetary assets. 

m+fm+f = - (4.2.3.4c) 
g g 

Totall  debt owned by firms (d=m+f) has to be equal to the amount of desired 
borrowingg to finance investment. 
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Foleyy shows that the stability of the model depends on: 
-- the elasticity of the demand for debt to the growth of the money supply; 
-- the elasticity of the growth of capital outlays to the profit rate; 
-- the elasticity of the growth of capital outlays to the liquidity of the firms. 

Thee growth of the money supply has to equal the growth in investment as 
cann be seen in (4.2.3.4a), otherwise there wil l be a shortage of liquidity, which 
increasess the bank rate. Foley assumes a to depend on r and tn+f. He 
describess the dynamics of the firms as follows (Foley(1987), 372): "Starting 
fromfrom a low profit rate, liquidity increases because the profit rate [ investment] 
isis below the growth rate of money. As a result of the increase in m, the 
interestinterest rate falls further below the profit rate, and borrowing increases. 
SinceSince borrowing creates financial assets for lending firms, ƒ also increases in 
thisthis phase. Firms are becoming more liquid. Eventually this liquidity leads 
themthem to expand their capital outlays at a rate higher than profits. Since 
capitalcapital outlays are the source of aggregate demand, this leads to a rise in 
sales,sales, an increase in the rate of turnover of productive capital, through the 
declinedecline in inventories and increase in the rate of utilization of fixed capital, 
andand hence a rise in the rate of profits. As the rate of profit rises, it exceeds the 
growthgrowth of money, and m starts to decline. In this phase of the cycle the 
interestinterest rate rises more rapidly than the profit rate, so that the gap between 
themthem becomes narrower". 
Thee narrowing of the gap between the interest rate and the profit rate 
decreasess the demand for financial assets, so aggregate demand and liquidity 
decline.. If liquidity declines, the expansion turns into a depression. During 
thee depression the profit rate declines below the growth rate of the money 
supplyy and liquidity starts to rise: the expansion wil l take turn. 

Foley(1987)) describes the occurrence of a two-period cycle. However, other 
typess of dynamics are possible. To show this in the original model is 
complexx because both variables as parameters are changing in this model. 

Iff  the evolution of liquidity (m) and the debt-production ratio (ƒ) are 
assumedd to depend on the evolution of the profit rate, r, it is possible to 
reducee the model to a one-dimensional model. From (4.2.3.3), it follows that 
changess in the profit rate depend on the difference between changes in the 
capitall  outlays and the profit rate. When production is not continuous, but 
takess place in discrete periods, it is reasonable to assume changes in the 
profitt rate to take the form of Ar = rt+l  - rt. 
Too simplify the model, it is assumed that it is valid to rewrite (4.2.3.3) in a 

__ f 
discretee version. Using a new variable r = -, equation (4.2.3.3) can be 

writtenn as: 

nn++  (4.2.3.5) 
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Equationn (4.2.3.5) is equal to the logistic in section two with a+\ equal to v: 
thee appearance of chaos depends on the level of the reaction of capital 
outlayss to profits and liquidity. 

Ass seen there, chaotic dynamics are possible. Assume a slow adjustment of 
thee changes in the capital outlays (C), a can be taken constant. This is not 
necessary,, but for the model to remain stable, a has to be between 0 and 3. 
However,, changes within this range make it harder to derive the structure 
off  the model from empirical data. It enforces Kelsey(1988)'s remark on the 
largerr possibility of chaos in a structurally unstable environment (see 
sectionn 2.3, chapter three). 

ConfidenceConfidence and loans 
Frankee and Semmler(1989) follow another direction in this field. The cause 
off  fluctuations in their model is not the objectively observed mismatch 
betweenn the internal profit rate and the external interest rate, as in Foley's 
model,, but the subjective perception of the future (animal spirits). 

Ass Foley, they assume the wage share in income to remain constant, so 
adjustmentss fall onto the profit rate, r. Equilibrium in the goods market is 
describedd using an IS-function. Money market equilibrium is given by a LM-
function.. These are: 

' SS = I S ( ' ^ M ) (4.2.3.6) 
lMlM = lM(l,p,r,i) 

With: : 
II  = ratio of loans of firms to the nominal capital stock; 
pp = state of confidence; 
rr  = net profit rate 
ii  = interest rate on bank loans and deposits 

Equilibria Equilibria 
Generall  equilibrium, equilibrium on both goods and money market, is the 
resultt of changes in the profit and interest rate following deviations between 
demandd and supply. The profit rate adjusts so the goods market (IS) is in 
equilibrium,, the interest rate equalises demand and supply on the money 
markett (LM). This short-term equilibrium is not necessarily consistent with 
thee long-term equilibrium. In the short run both the state of confidence (p) 
andd the ratio loans/capital stock (/) are assumed to adjust slowly, so they can 
bee taken constant. Franke and Semmler(1989, 4) abstract from other 
determinantss of investment such as the rate of utilisation and profits: "For 
simplicity,simplicity, and in order to fully concentrate on the role of expectations in a 
macrodynamicalmacrodynamical model". Confidence (p) varies with the debts of the firm 
(approximatedd by I), the profit rate relatively to the yield on riskless assets (r-
i)i)  and the state of confidence itself. 
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Long-termLong-term dynamics 
Frankee and Semmler show the existence of a limi t cycle, using the following 
model: : 

'=SH'WPM') )) (4237) 
pp = v(l,r-i,p) 

With: : 
h(p)h(p) = investments 
s(r)) - internal savings 
«(/)) = part of investments financed through loans 

Thee first part of (4.2.3.7) shows changes in the loan to capital stock ratio to be 
dependentt on the level of investment and the internal and external 
financingfinancing of investment. As with the psychological theories in chapter two, 
confidencee (or optimism) increases investment. When the rise in 
investmentt requires more funds than accumulated through business, the 
loann to capital ratio rises. However, the part of investment that can be 
financedd through external funding is limited by the amount of outstanding 
debtt to the present capital stock (the loan-capital stock ratio). 
Thee second equation of (4.2.3.7) determines the changes in the state of 
confidence.. This depends negatively on the loan-capital stock ratio, since the 
riskk of bankruptcy rises as more of the capital stock is financed externally. 
Thiss effect can be partly offset as the profit rate is above the interest rate, paid 
onn loans, or when the confidence in the state of affairs is high. 

Thee interaction and the hysteresis-effect (dl /dl > 0; dp/dp>Q) cause the 
confidencee and the loan-capital ratio to behave in a cyclical way. 
Startingg in an upswing, optimism creates rising confidence. Sales increase 
liquidityy of the firms, raising the rate at which confidence rises. Investment 
wil ll  increase faster than profits, so the loan-capital ratio, /, rises. This does 
nott diminish the rise in confidence as long as the profit rate is above the 
interestt rate. 
Too maintain the short-term equilibrium in the money market, the interest 
ratee wil l start to rise. This depresses demand, whereas supply increases as 
investmentt increases the production potential: this puts a downward 
pressuree on profits. The short-term adjustments decrease the rise in 
confidence.. The decreasing rate of growth of confidence is one of the major 
factorss causing optimism to turn into pessimism. Once confidence starts to 
decline,, so does investment. Following the decrease in investment, demand 
andd supply decline. The economy moves towards a state of depression. 
Duringg the depression liquidity of the firms rises and the level of the loan-
capitall  ratio declines, because of the low level of investment. Short-term 
adjustmentss cause the interest rate to decline. When the interest rate is 
beloww the (declined) profit rate, confidence wil l be slowly regained. This 
optimismm bears the nucleus of a new recovery. As Franke and 

Thee Business Cycle 



4.. The chaotic approach to the business cycle „ _ 80_ 

Semmler(1989)) state: "On the whole, however, the contracting forces, 
generatedgenerated further away from the equilibrium, keep the fluctuations in a 
boundedbounded interval whereas the repelling forces about the long run 
equilibriumequilibrium keep the economy from converging toward its steady state 
values.values. Thus persistent cyclical behaviour will  result from this dynamics". 

Chaos Chaos 
Frankee and Semmler establish the occurrence of cycles within their model 
butt ignore the possibility of chaotic dynamics. Their assumptions can be 
usedd to model the main dynamics by a logistic equation, thereby illustrating 
thee possible occurrence of chaos. 

Abstractingg from the short-term dynamics, the parameters of the model are 
constant.. Assume a level of confidence at which the ratio between loans and 
thee capital stock does not change {%I5). When the state of confidence 
increases,, the firms finance relatively more of the capital stock through 
loanss (a larger part of investment is financed externally). The supply of 
loanss increases, whereas the interest rate remains constant, assuming the 
risingg state of confidence to convince the banks of the solvability of the 
firms.. Ignoring internal savings, a discrete version of the relationship 
betweenn the growth rate of the ratio between loans and the capital stock 
versuss the state of confidence can be written as: 

^  ̂ =  = öpt-x (4.2.3.8) 

Thee state of confidence declines when the level of loans rises, increasing the 
chancee of bankruptcy. Banks become reluctant to finance new capital thereby 
depressingg investment possibilities (direct through credit rationing, indirect 
throughh higher interest rates). This depresses the state of confidence. This 
relationshipp is given by: 

*P*P  = Pt+i-Pt=_JU\ ( 4 2 3 9 ) 

PP Pt W J 

Whenn (4.2.3.8) is substituted into (4.2.3.9), the logistic equation results for the 
statee of confidence (with y, x and 8 as parameters): 

y y 
AA general equilibrium requires the state of confidence to be: p* = —. The 

occurrencee of irregular dynamics depends on the magnitude of % and y. The 
dynamicss depend (beside the usual dependency on the initial value of the 
variables)) on the reaction of confidence on the changes in financial 
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possibilitiess (y) and on %, the state of confidence, which the banks require to 
financee a given fraction of the capital stock. The dynamics are independent 
off  the reaction of external financing on the level of the state of confidence 
(5). . 

Ass stated above, an exogenous decline in the state of confidence reduces the 
possibilitiess to finance investments externally. This diminishes confidence 
further,, until the loan-capital ratio reaches a level, at which point the banks 
aree willin g to raise the financial possibilities again. 

Growthh has, so far, played no explicit role in the findings. Foley's model is in 
growthh rates but there is no relationship between growth and the business 
cycle.. The models of Grandmont, Weddepohl and Van Witteloostuijn and 
vann Lier are stationary models. In the next section a model is presented 
whichh analyses the relationship between the business cycle and long-term 
growth. . 

33 Chaos and endogenous growth 

Goodwin(1990)) develops several chaotic models, to show the influence of 
Schumpeteriann innovations on the business cycle. The mathematical 
techniquee used is the Rössler Band (Goodwin(1990), 65), using a control 
parameterr which: "progressively inhibits the expansion of the system 
variablesvariables of output or employment", so, "the system is free to vibrate within 
aa wide range of motions from a slightly irregular to a wildly chaotic 
fashion".fashion". Employment {v) and wage costs (u) interact as in the Goodwin-
Volterra-Lotkaa (GVL-)model. High employment increases the wages, 
depressingg profits and capital accumulation. This causes the next-period-
employmentt to decline, so wages decrease and profits increase. The standard 
GVL-modell  assumes a constant (exogenous) growth of labour productivity 
(Goodwin(1990),, 32). Here, Goodwin assumes labour productivity to grow as 
resultt of the Schumpeterian innovation. 

Pohjola(1981)) develops a discrete version of the original Goodwin(1967)-
model.. In contrast to the Goodwin-model, wages are determined by a mark-
upp on average labour-productivity and the wage share is a linear function of 
thee employment rate. This results in a logistic equation for the dynamics in 
thee employment rate. The appearance of chaos is shown to depend 
positivelyy on the output-capital ratio and the bargaining power of the 
capitalistss and negatively on the (exogenous) natural rate of growth 
(Pohjola(1981),, 36). 

3.11 Chaos in Goodwin(1990) 

Goodwin(1990)'ss model is a mix of an adapted GLV-model and the S-shaped 
logistic,, used to represent an exogenous rise in investment. The labour 
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markett dynamics are given by the following continuous equations (see 
Goodwin(1990),, 66, 91): 

vv = -du+fv-ez 

uu = hv (4.3.1) 

zz = b + gz(v - c) 

With: : 
v=v= employment 
u=u= labour costs 
z=z= control parameter, 
c-c- indication of 'full employment' 
d,d, e, h,f, b,g = parameters 

Goodwin(1990)) defines the control parameter, z as an additional pressure on 
employmentt when v approaches 'full employment' (c). This model 
generatess chaotic fluctuations (Rössler Band). 

Innovationss cause the desired capital stock to deviate from the existing 
capitall  stock. Innovative investment is assumed to follow an S-shaped 
logistic: : 

kk = jk(l-sk) (4.3.2) 

With: : 
kk = capital stock 
ss = 1/fc*  = constant 

Thee rate of change of productivity is taken to be proportional to innovative 
investment: : 

~-~- = m- (4.3.3) 
aa k 

Growthh of production is given by5: 

CJCJ _v a 
qq v a 

(4.3.4a) ) 

so, , 

55 v = L/N, given N constant and L=aq, so v/v = L/L = q/q + a/a. 
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11J-J-ddyy+fu+fu -ez) 
qq (v-v*) A ' 

Productionn exhibits chaotic fluctuations because of the labour market 
dynamics.. An innovation increases investment as long as k<k*. The growth 
ratee of production increases until the new equilibrium level is reached. 
Followingg the initial increase in investment, production grows, reducing 
short-termm fluctuations. When the capital stock reaches its new equilibrium 
level,, fluctuations return to their previous state. 

EndogenousEndogenous growth and cycles 
Goodwin(1990)) does not give a plausible explanation for: 
1.. the appearance of the control parameter, z, necessary for chaos; 
2.. the innovation. 

Beloww an adjusted version of Goodwin(1990)'s model is developed. This 
modell  abstracts of the additional labour market variable, z, using a discrete 
versionn of the u-v dynamics. Equation (4.3.1) is replaced by a discrete version 
off  Goodwin's original employment-labour costs model (Goodwin(1967): 

vvtt = vt_1(a-f}ut) 
)) \ (4.3.1') 

"tt = " t - i U + &>t-i) 

Thesee relationships give rise to closed orbits, which do not give rise to 
chaoticc fluctuations (Lorenz(1993), 65). 

Ass in Goodwin(1990), it is assumed that: 
1.. investment is determined by a logistic equation: 

kkt+1t+1=k=k tt(l(l  + j(l-skt)) (4.3.2') 
2.. labour productivity is positively related to capital accumulation 
(da/dk<0): (da/dk<0): 

aat+lt+l  = a{ 
<<  ' * H 1 - * ^ 

* t t 
11 + m 

3.. production is determined by demand 

++  m 

(4.3.3') ) 

(4.3.4b') ) 

Whenn investment reacts strongly as the desired capital stock (1/s) changes, 
capitall  accumulation can exhibit both regular and chaotic fluctuations. 
Givenn an exogenous innovation, adjustments towards a new equilibrium 
causee investment to fluctuate. Demand (and production) dynamics are a 
mixx of labour market- and investment dynamics. Production exhibits 
chaoticc fluctuations, when investment reacts in a chaotic way. 
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3.22 Endogenous chaotic growth 

3.2.11 The Schumpeter-Goodwin case 

Thee model developed above ((4.3.1')-(4.3.4b')) can reproduce the results in 
Goodwin(1990).. An innovation (modelled as a decline in s), raises the 
capitall  stock in a continuous way towards its new equilibrium level (S-
shapedd accumulation). The economy exhibits only regular cycles, originating 
inn the labour market. Goodwin assumed the desired capital stock (1/s) to rise 
becausee of exogenous factors (for example, innovations). Part of investment 
(m)(m) is used to raise labour productivity (decrease a). This increases 
productionn for the time of capital accumulation: assuming an S-shaped 
logisticc capital accumulation (/<2), growth stops as capital reaches its new 
equilibriumm value (see figure 4.2, first diagram). Both production and labour 
productivityy (figure 4.2, second diagram) remain at a higher level, whereas 
thee fluctuations in production are again governed by the labour market 
dynamics. . 

Figuree 4.2: The time paths of production {q) and productivity (1/fl). 

3.2.22 Chaotic investment 

Furthermore,, using simulations, it can be shown, that in the case of chaotic 
fluctuations,, production grows and the labour input declines continuously. 
Mathematically,, this is because the average capital stock over the cycle is 
beloww its equilibrium value, so £/'( l-s/c)>0. 
Thee relationship between chaotic fluctuations and growth can be explained 
ass follows: positive investment stimulates labour productivity (as in the 
R&DD models in Aghion and Howitt(1998)) and new technologies are 
introducedd faster (endogenous creative destruction) when fluctuations are 
moree severe. 

Althoughh Goodwin(1990) ignores the possibility of chaotic capital 
accumulation,, he mentions another source of instability: "instead of 
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assumingassuming a constant growth rate, j , of new innovative capacity, we may 
assumeassume a linear dependence on the employment ratio (the state of demand), 

thusthus k = (j + nv)(\ - sk)" (Goodwin( 1990), 97). 
Ass the parameter j'=(j+nv) 6 fluctuates, production wil l show a combination 
off  three kind of dynamics, the regular u-v cycle, a movement of k towards 
jt**  for nv small and chaotic fluctuations for nv is large (depending on the 
valuess of  j , n and v). In this case, demand stimulates growth. 

AA drawback of this model is the non-changing equilibrium value of capital. 
Productionn grows because investment is positive. Capital- and labour 
productivityy increase, but the average capital stock remains equal. The 
growthh in production and labour productivity seems a mathematical 
artefact,, although there is an economic explanation for this phenomenon. 
Assumee technical progress to grow at an exogenous determined rate. Since 
eachh generation of capital goods is more productive, relative to former 
generations,, a faster succession of destruction and replacement wil l raise 
overalll  productivity at each level of the capital stock. 

3.2.33 A relationship between short-term and long term fluctuations 

Chaoss produces growth as a by-product, because of the asymmetric 
propertiess of chaos. To explain growth as an endogenous phenomenon, 
additionall  assumptions have to be made. Taking a constant speed of 
adjustment,, ƒ, the desired capital stock, k*, can made dependent on the 
labourr costs, k?{ut), replacing (4.3.2') with: 

*t +ii  = **( i+;( i -*M*t) ) ( 4 3' 2 , ) 

Inn the simulations it is assumed that s(ut) - l/k* t(l + (ut -0.6)*O.l), so the 
desiredd capital stock adjusts slowly to changes in the labour market. The 
desiredd capital stock rises when labour costs are above 0.6. Part of the 
followingg rise in the capital stock is used to raise labour productivity (a, see 
4.3.3')-- Production is given by (4.3.4b'). 

Twoo examples are given in figure 4.3. Firstly, endogenous growth with ;'=1 
(m=0.9),, giving a monotonous movement of k towards fc*, in case of a 
disequilibrium.. As labour costs (u) rise, /c*  rises. Capital accumulation 
followss in a cyclical way, because of the cycle in labour costs. Production 
growss as part of the capital stock is invested in R&D (increasing labour 
productivity). . 
Ass investment behaves in a chaotic way (/=3, m=0.028), the rise in k* causes 
thee capital stock to rise chaotically. Fluctuations in production are irregular, 

nn = parameter. 
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butt (because of the chosen value of m), average growth in both cases is 
aroundd 3 %. 

\l\l tt<i-V <i-V 

Figuree 4.3: Growth without (j=l) and with (j=3) chaos. 

Conclusion Conclusion 
Thee model presented here can reproduce Goodwin(1990)'s conclusions, 
concerningg the influence of a one-time rise in the desired capital stock. 
Chaoss was introduced by the logistic investment function and not by the 
introductionn of an additional variable in the labour market. 
Chaoticc investment causes production and labour productivity to grow, 
with,, on average, an equal stock of capital. When a rise in labour costs 
increasess investment in both R&D and capital, the capital stock also rises. 
Thee necessary investment in R&D is smaller when investment behaves in a 
chaoticc way. For an average growth of 3 %, for ;'=1 (non-fluctuating 
investment)) requires a ratio of R&D investment to total investment of 
m=0.9m=0.9 whereas for ;=3, m=0.028. 
Economically,, this is plausible as new inventions are introduced fast when 
investmentt fluctuates. Combined with the desire to innovate as labour costs 
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aree high, this causes production and labour productivity to grow faster than 
inn a situation of non-fluctuating investment. 

Thee different exercises above, however, are subject to Goodwin (1990)'s 
remark:: "The model is not robust for single parameter changes". They have 
too be taken as examples of the possible influence of chaos and the 
interrelationshipp between short-term fluctuations and long-term growth. 

44 Summary and conclusions 

Brock(1988,, 82) sums up which are the conditions necessary for complex 
dynamicss to occur in economic models. In his view, these are: 1. Agents 
discountingg the future heavily; 2. Increasing returns to scale; 3. Incomplete 
markets;; 4. Other forms of price formation than price taking; 5. Complex 
preferencess or technology; 6. Disequilibrium-modelling; 7. Interdependency 
betweenn tastes of different agents or technologies; 8. Forcing functions as 
populationn growth. 

Inn this chapter, several kinds of economic models are analysed: 

-overlapping-overlapping generation models: from different models it was concluded 
thatt the occurrence of continuous fluctuations could be shown to rely on a 
negativee relation between the interest rate and savings, on a strong 
complementarityy between labour and capital or on substitution effects in 
consumption,, depending on the assumptions made. 

-imperfect-imperfect competition model: the non-linearity causing chaos to appear 
wass introduced by different kinds of reactions of a monopolist confronted 
withh a new competitor. 

-financial-financial markets: here, two different sources are identified. Either chaos 
wass caused within the financial sector because of the behaviour of investors 
andd speculators, or it was the result of the interaction between the real and 
monetaryy sector, where banks and firms react to each others behaviour and 
beliefs. . 

-growth:-growth: the diffusion of an innovation is, traditionally, assumed to follow 
ann S-shaped logistic. This introduces the possibility of chaotic fluctuations as 
thee result of a one-time innovation. It was shown that chaotic fluctuations 
inn investment stimulate growth. When the reaction of investment depends 
onn the labour market, the possibility of the occurrence of chaos rises. Growth 
off  the capital stock can be modelled by making the equilibrium stock of 
capitall  dependant on the costs of labour. Chaotic fluctuations enhance 
growthh as the destruction of old capital followed by new investment raises 
overalll  productivity. 
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However,, these different approaches are not unique neither in the cause(s) 
off  the cycle nor the use of non-linear equations. Other models share the 
samee characteristics (see for example the models presented in Gabisch and 
Lorenz(1989)) and in chapter 2). New here is the use of chaos to show the 
existencee of deterministic endogenous erratic fluctuations. This again 
expandss the concept of stability. Earlier, a stable equilibrium meant a 
singularr point in the phase-diagram. Later it could also be a stable circle. 
Withh the help of the logistic equation (or the Rössler band), a stable 
equilibriumm can be a surface, in which the key-variable wanders (without 
bounds)) in a seemingly unpredictable way . The dynamics, however, can be 
tracedd through a deterministic process. 

Chaos:Chaos: Further Research 
Inn general, some conclusions can be drawn from the models reviewed in 
thiss chapter. Firstly, once the possibility of non-linearities is accepted, an 
economyy which is disturbed, can exhibit persistent fluctuations of different 
kinds,, due to different propagation mechanisms. The chances of chaos to 
occurr increase when the parameters of crucial variables depend on changes 
inn the other variables. 

Secondly,, when fluctuations are endogenous and sub-optimal, a 
governmentt can and should stabilise the economy. In a chaotic 
environment,, such an activist policy is difficult and the effects wil l depend 
stronglyy on the knowledge of the structure of the economy and on the 
qualityy of the data gathered by the government. 

Thirdly,, when an economy follows a chaotic path, it is unlikely that the 
subjectss in such an economy can form their expectations rationally. This 
typee of model poses a serious challenge to new classical models. Arrow(1988, 
281)) concludes: "If  deterministic models permitting chaotic behavior are to 
replacereplace stochastic equilibrium dynamics, in whole or in part, there has to be 
aa theory in which chaotic solutions cause the economic agents being studied 
toto recognize the limitations on their predictive ability and act accordingly". 
Lastly,, in the growth model, developed above, chaotic fluctuations have a 
positivee effect on growth. As in Goodwin(1990), the answer to 
Bronfenbrenner(1969)'ss question: "are business cycles obsolete?", is: yes, in 
timestimes of growth. However, it is shown that short-term fluctuations can 
enhancee growth. The resulting fluctuations depend on the way investment 
reactss to short-term fluctuations. 

Onn the other hand, the chaotic approach itself has many shortcomings. Only 
aa few non-linear systems can be solved analytically. The models used, of 
whichh some are presented above, are ad hoc and the economic plausibility is 
nott always convincing. Many conclusions in these kinds of models are based 
onn simulations. Those results, therefore, are local and the relevant 
parameterss are not always found in reality. The sensitivity of the models to 
thee initial values and the parameters make empirical work difficult . 
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Altogether,, Blanchard and Fischer(1989, 261) conclude: "We are not at this 
stagestage convinced by either of these .. approaches". Gleick(1987), however, 
statess that the discovery of chaos radically changes the view of scientists on 
thee world. 

Inn conclusion, much work remains to be done before chaotic fluctuations 
andd chaotic control can take their place in core-economics. 
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PARTHI I 

PARTIA LL  MARKETS , CHAOS AND THE BUSINESS CYCLE: 

Thiss part is inspired by the R.M. Goodwin's 1947-article: Dynamical 
CouplingCoupling with Especial Reference to Markets having Production Lags. In 
thiss article, Goodwin models two markets in which prices and production 
showw lagged reactions to each other. His conclusion was: "When two sectors 
ofof an economy are interdependent in some way (coupled, we may say), and 
whenwhen we have another than the null or trivial solution of no change, then 
itit  is quite inadmissible to discuss the one sector assuming the other to 
remainremain unchanged. For, if the one does not remain constant, the other 
cannotcannot either, by virtue of the coupling. Therefore to allow one sector to 
varyvary and keep the other constant would be to hold contradictory 
assumptions"assumptions" (Goodwin(1947), 181). Or, as stated later by Currie and 
Kubin(1994,, 20): "we have argued that an inexorable consequence of the 
latterlatter phenomenon [interdependent sectors] is that the legitimacy of partial 
analysisanalysis is called into question". 

Ass early as 1837, Lord Overstone offered a description of the trade cycle in 
termss of the role of the banker (see W. Eltis, in Newman(1992), 47). The 
primaryy source of the cycle, however, was sought in the real sector, for 
examplee a change in real foreign trade causing a large inflow of gold. Later 
authorss saw both the real and the monetary sector as major sources of 
fluctuations.. Other authors deny the influence of the monetary sector as an 
independentt source of fluctuations. Goodwin(1982) remarks that he 
abandonedd the notion of monetary management as long ago as the 1940s 
becausee "of the tedious connection between the control parameters and 
actualactual spending of money, and because of the ways in which producers can 
circumventcircumvent attempts at control"<Goodwin(1982), vii) . Mullineux(1990, 
chapterr 3) reviews work on the financial instability hypotheses. He agrees 
withh Goodwin on the possibilities of the banking sector escaping regulations 
becausee of the complexity of the financial system. Yet, as he lists the 
unfinishedd research agenda, number four on his list is the relationship 
betweenn the real and monetary factors within the business cycle. 
Morishima(1992)) concluded that, when production is not instantaneous, 
"not"not only the real economy influences the monetary economy, but also the 
latterlatter influences the former and, therefore, it becomes impossible to analyse 
thethe real economy independently from the monetary world" 
(Morishima(1992),, 184). 
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Inn part two, several features were mentioned that should be part of a 
macroeconomicall  model of the business cycle. In this part the following 
relationshipss are modelled: 
-- the behaviour of the banks and the relationship between the interest rate 
andd savings; 
-- the conflict over income between workers and producers; 
-- investment and production decisions and their relationship to costs of 
productionn factors. 

Thee behaviour of non-economic groups like politicians is only implicitl y 
takenn in account. 

Fromm part four, the methods of analysing chaos are taken. Where possible, 
thee bifurcation diagrams and the Lyapunov characteristic exponents wil l be 
calculatedd to determine the several kinds of possible dynamics. 
Ass shown, there are three methods to intervene in a non-linear system. 
Thesee methods wil l be used to describe the possibilities of government 
policies.. With respect to the models reviewed in part two, the models 
developedd in this part fall into the category "financial markets" and their 
relationn with the real sector (see Foley(1987)'s model of the interaction 
betweenn profits, the interest rate, production and fluctuations). 

Thiss part concentrates on the coupling as a source of fluctuations. The 
economyy analysed hereafter consists of firms, banks and households. Each 
contributess in its own way to the production of a final good. Firms by 
offeringg the capital, banks by supplying credit and deposits, households by 
offeringg labour and savings. This is modelled respectively as a money 
market,, a labour market and a goods market. The production costs consist of 
thee costs of credit (the interest rate) and of labour (the wage rate). These costs 
andd the level of production determine the profit rate, which determines 
investmentt and utilisation. 

Centrall  questions in this part are: 
1.. Does the occurrence of an interaction (coupling) between the real and the 
monetarymonetary sector change the behaviour of the aggregate economy? 
2.. Is it possible for the labour and money market to exhibit a fundamentally 
differentdifferent pattern compared to the dynamics of the aggregate economy? 
3.. When the economy fluctuates as result of the interaction between 
markets,markets, what are the possibilities for a stabilisation policy? 
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CHAPTER S S 

FINANCIA LL  CRISES AND THE LABOU R MARKE T 

"A"A nonlinear economic model may explain a significant part of both the 
regularityregularity and irregularity observed in economic time series" 
(Hommes(1991),, 1) 

11 Introductio n 

Goodwin(1947)) analysed the effects of two sectors interacting with each other 
(orr as Goodwin(1947, 181) is cited: "are interdependent in some way 
(coupled,(coupled, we may say)"). Goodwin(1947) concludes that the coupled sectors 
becomee less stable than the least stable independent sector, and that the 
fluctuationss in the aggregate economy differ from the fluctuations in the 
uncoupledd sectors. Morishima(1992) examines the relationship between the 
monetaryy sector and the real sector, finding evidence that the stability of the 
aggregatee economy depends positively on the collaboration between bankers 
andd entrepreneurs: "bridging of these two (the real sector and the monetary 
sector)) is crucially important, in order for the economy to work smoothly 
andand efficiently" (Morishima(1992), 186). Co-ordination of decisions between 
financierss and investors reduces the possible occurrence of fluctuations. 

Thiss chapter examines the consequences of a coupling between the 
monetaryy sector and the real sector. To do so, a model is developed which 
capturess the interaction between the monetary sector and the labour 
market1.. Contrary to Goodwin(1947), the markets do not interact directly 
throughh prices, but through the influence of costs of production on profits, 
andd thereby on the rate of utilisation of the existing stock of capital. 
Morishima(1992)) sees the investment-decision as the connection between 
thee two sectors. Here, the capital stock is assumed to be constant. The reason 
forr the connection between the real and the monetary sector is the need for 
credit,, which is explained by Morishima(1992) by the time-lag between 
investmentt and sales. As Morishima's relationship between investment 
andd credit is ineffective, Negishi(1989)'s theory on the wage fund is followed 
here.. The economy can be characterised as a 'Hawtrey-Hayek-economy', 
augmentedd with the predator-prey mechanism of Goodwin(1967), both 
describedd in chapter two, and aspects of the Foley(1987)-model, described in 
chapterr four. 

Paragraphh one presents the structure of the model. Paragraph two discusses 
thee behavioural relationships for the monetary sector. It specifies the 

1A nn earlier version of this model can be found in Langen(2000a), which also analyses the 
individuall  sectors. 
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demandd for credit by the firms, households' savings and money creation by 
banks.. The interest rate is determined by demand for and supply of funds. 
Howw the interest rate adjusts to demand for and supply of funds can be 
describedd by a modified predator-prey model, with persistent fluctuations. 
Thee dynamics of the labour market (paragraph three) follow the 
Goodwin(1967)) tradition, and are based on the Phillipscurve. Greater 
demandd for labour leads to an increasing wage share. The rise in the wage 
sharee lowers profits, which depresses the rate of utilisation, and thereby 
againn reduces demand for labour. The labour market thus displays a wage 
share-utilisationn cycle. 

Thee dynamics in both markets influence each other. They are 'coupled'. The 
interestt rate influences production costs, which determine the rate of profit 
andd so utilisation of the capital stock and production. Production 
determiness the demand for credit, one of the determinants of the interest 
rate.. The cyclical behaviour in each sector influences the dynamics in the 
otherr sector, so the aggregate economy wil l also display fluctuations. Section 
fourr explores the consequences of this coupling on both sectors and on the 
aggregatee economy. Like Morishima(1992), this chapter concentrates on the 
propagationn mechanism and the results for the time path of the economy, 
withoutt giving much attention to the original impulse causing the 
disequilibrium. . 

Twoo questions have to be answered in this chapter: 
-- How do partial fluctuations influence the behaviour of the aggregate 
economyeconomy (the coupling)? Or, given the occurrence of modified discrete 
Goodwin-Lotka-VolterraGoodwin-Lotka-Volterra cycles in the two markets, how does this influence 
thethe dynamics of the aggregate economy? 
-- How does the occurrence of the coupling influence the possibilities of an 
activeactive government policy regarding inflation and unemployment? 

Thee dynamics of the model used in this chapter are -when possible-
determinedd using two techniques, the bifurcation diagram and the 
Lyapunovv characteristic exponent. To simulate the model for a large 
numberr of periods (100,000 or more), the calculation of bifurcation diagrams 
andd of the LCE's, a program designed by Medio and Gallio, named DMC (see 
Medio(1992))) is used, other simulations are made using MS-Excel. The 
techniquee of calculating a bifurcation diagram and the largest Lyapunov 
characteristicc exponent were introduced in chapter three. 

1.11 The economy 

Thee economy under consideration is a highly stylised one. Firms produce 
onlyy one good. Production is time consuming (see figure 5.1). At the 
beginningg of period (at t-\ in figure 5.1), the firms hire labour to produce the 
good.. The time of production is labelled r, i.e. the time between the 
purchasee of the factors of production and the realisation of the finished 
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product.. After production, the goods are sold, so at the end of the period, at t, 
thee value of production is realised. 

t-i t-i 

T T 1< 1< 

productionn ^ sales T 
 . payment of 

paymentt of ^ 
«towagess realisation of 

profit t 

F iguree 5.1: The t im ing of p roduc t i on and sales. 

Itt is assumed that the physical capital stock is constant; the utilisation of this 
stockk can vary. The degree of utilisation determines the costs of production. 
Firstly,, it determines the demand for labour and so the labour costs. 
Secondly,, the firms have to borrow money from the banks to finance the 
wages.. This is called the wage fund. In this we follow Negishi(1989), who 
(defendingg the wage-fund theory) observes that in modern capitalism it is 
customm to pay wages after work (production) is done, but before the money 
valuee of production is realised through sales. Negishi(1989, 74/75) states 
"they"they [the wages] are often paid after the consumption of the labour power". 
Howeverr "[T]he fact that wages are paid after the use of labour power does 
not,.,not,., deny the advancement by capitalist to labourers in the sense that wages 
areare paid before the realisation of value of output -the labour embodied in 
thethe output". 

Whenn the finished product is sold, the firms receive the monetary value of 
production.. To cover the costs in the period between the payment of wages 
andd the realisation of the sales, firms borrow from the banks. The principal 
andd interest is (re)paid to the banks, from the revenues of the sales, at the 
endd of the period, at t. The remaining value accrues to the owners of the 
firmss as profit income. 
Inn the following, the exact length of the production time (T) and the sales of 
productss (1-T) is ignored, it is assumed that credit is demanded at the 
beginningg of the period and repaid at the end. 

Firmss have an amount of capital, (K), which is assumed to be constant and 
non-perishable.. There is no net-investment; K can be interpreted as a fixed 
inputt given to the entrepreneurs. At the beginning of the production 
period,, the firms choose a level of production, which depends on the capital 
stockk present. This production leads to a demand for credit and labour. The 
demandd for funds, (Df), is assumed to be equal to the wage fund, Wr. The 
reservess of the banks consist of the deposits (savings of the households) 
fromm the former period, St. The difference between the reserves and the 
demandd for funds is called the net credit creation of the banks, Vf. 
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DDtt=W=Wt t 

VVtt=D=D tt-S-St t 
(5.1.1) ) 

Initiall yy this amount of 'money' appears on the account of the firms as cash 
reserve,, W. The initial accounts at the start of period, at f, after the loans 
fromm the banks to the firms, are: 

A.. Households 
Wealthh (savings) ~sr ~sr Deposits s 

B.. Banks 
Loanss to firms Dt Dt 

bbt t 

Deposits s 
Creditt creation 

DDt t 
C.. Firms 
Cashh reserve = 
Wagee fund 
Capital l K K 

WWtt+K +K 

Loanss of banks 

Nett wealth K K 
DDtt+K +K 

Thee firms hire labour and produce the consumption good. Labour is paid 
theirr wages, Wt, using credit provided by the banks. After sales, real income 
(Yf)) is used to repay the credit, Dt=Wf, for interest payment to the banks, 
itDt,itDt, and paid as profits to the owners of the firms, Tit, which are part of the 
households: : 

YYtt=w=wt+t+ii ttDDt+t+nnt t (5.1.2) ) 

Thee government is not modelled explicitly because government policy is 
nott at the centre of this analysis. When government action is introduced, it 
iss assumed to influence income through its tax policy, whereas government 
spendingg is adjusted accordingly (balanced budget). 

Sincee the amount of credit equals the wage fund (see (5.1.1)), the profit share 
cann be written as (using (5.1.2) and divide by income2): 

rcrctt =l-(l  + it)zvt (5.1.3) ) 

Thee profit share depends on the interest rate and on the share of wages, 
whichh depends -as wil l be discussed later- on the wage rate and the rate of 
utilisation.. The influence of production depends on the effects on the 
distributionn of income over banks, wage earners and the firms. 

2I nn the following, upper case symbols are used for levels, lower case symbols indicate ratios to 
WWtt J

 Dt nt St , . . t . 
income,, so wt = —-; dt = — ; nt = — ; st = , only it gives the interest rate. 

yyt t yyt t 
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Bankss receive interest from the firms, ifDt, and pay interest to the 
households,, ifSt3. In the end, all income is paid as income to the 
households,, who use income to save (as deposits with the banks) or to 
consumee (buy the consumption goods of the firms). Savings are defined as 
thee level of deposits, St- The difference between the level of deposits at the 
endd of the period and the initial level is called net-savings, (St+i-St). At the 
endd of the period (at time t+1) savings, (St+\) equal: 

SSMM=s=st+1t+1YYtt (5.1.4) 

Duringg the period from f-1 to t, households withdraw their savings (St) and 
receivee an income (which equals production, Yf). They determine the level 
off  their next-period savings (Sf+i). Nominal expenditure on consumption 
goods,, (Et), is present income (Yf) minus net-savings, (Sf+i-Sj): 

E ,=Y ( - (SH I -S ,) ) 

== (i-S(+1)rJ+stY,_, 

Flexiblee prices, (pt), are assumed to take care of equilibrium in the goods 
market.. Setting Et equal to nominal production, ptYt, in (5.1.5) gives the 
dynamicss of the price level (pt): 

Pt=l-sPt=l-si+i+ii  + st-^  (5.1.6) 

Thee present price level, (pt in (5.1.6)), is lower when the present rate of 
savingg is higher (dpf/ds^+i<0) because demand declines. A higher saving 
ratee or income in the former period increases present period demand 
(dpt/dst>0,(dpt/dst>0, dpt/dYt-\>0), a rise in supply depresses the price level 
(dpt/dYt<0)(dpt/dYt<0)44.. To simplify the model, prices are assumed to equate demand 
andd supply in the goods market, but have no influence on the savings and 
productionn decision process. 

Thee mutations of the accounts following the process in period (t to t+1) 
describedd above are: 

3Forr simplicity, the two rates of interest are assumed to be the same. The difference between 
thosee interest payments is paid out as profit income to the owners of the banks, again part of 
thee household sector. Different rates of interest for firms and households does complicate the 
analyses,, but does not influence the conclusions drawn in this chapter. 
*Thee price level does act as a flexible propensity to consume equating real demand and 
supply.. Here, however, consumption and production are set independent of each other and 
equilibratedd in real terms by the price mechanism. 
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A.. Households 
Nett savings 
Consumption n 

B.. Banks 
Interestt paid 
Profitss of the banks 

Yf{SYf{SMM-S-Stt) ) 

TT T 

ii ttDDt t 

Wages s 
Profitss of the firms 
Interestt received 
Profitss of the banks 

Interestt received 

~w~wtt— — 
ii ttSSt t 

?t ?t 

C.. Firms 
Wages s 
Interestt paid 
Profits s 

*W7~ ~ 
ii ttDDt t 

Yt Yt 

"53E E £t/pt £t/pt 

TT T 

Thesee mutations give the new accounts, at t+l,  at the beginning of the next 
period,, before borrowing of the firms: 

A.. Households 
Deposits s 

B.. Banks 

H+l H+l Wealthh (savings) 

Deposits s 
Nett wealth -Sf+1 1 

C.. Finns 
Capital l Nett wealth 

Soo far, the basic dynamic identities of the economy were described. The next 
stepp is to introduce the behavioural relationships and the adjustment 
processess in the real and monetary sector of the economy, to determine the 
dynamicss for this economy. The behaviour on the two markets wil l be 
discussedd separately. In the end the dynamics of the economy wil l be 
describedd by a set of four equations: 

Thee monetary sector: 

Sr+11 =£(*"r 'Sf,Wt /U t) 

Thee real sector: 
wwi+\i+\ =h(itfst,wt,ut) 

uut+1t+1 =z{it,st,wt,ut) 

With: : 
ii tt - rate of interest 
sstt = savings rate 
wtwt = wage share 
uu t = rate of utilisation of the capital stock 
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Too simplify the exposition, first neglect the role of other sector's variables on 
thee other market (which is assumed to be constant). In paragraph two, the 
monetaryy sector wil l be analysed, determining the dynamics of the saving 
ratee and the interest rate, the first two equations. The real variables {w and 
u)u) are for the moment taken as given: 

h+\h+\ =f(h*stft,ü) 

Paragraphh three focuses on the labour market. Then the interest rate and the 
savingg rate are assumed to be constant. Here, the dynamics are governed by 
thee interaction between the utilisation of the stock of capital (which 
determiness the demand for labour) and the wage share in income: 

wwt+\t+\ =h(wt,Ut\i,s) 

uut+1t+1 = z(wt,ut\i,s) 

Inn section four, the model is elaborated to allow for a linkage between 
sectors.. Here, the net credit creation wil l depend on income too, so the 
interestt rate wil l depend on the utilisation rate. The utilisation of capital is 
influencedd by the costs of financing the wage fund and therefore by the 
interestt rate. The chapter is concluded with section five, giving a summary 
andd drawing some final conclusions. 

22 The monetary sector 

Thiss section concentrates on the monetary sector. To do so, production and 
thee wage share in income are assumed to be constant. The demand for funds 
is,, therefore, also constant. Money is assumed to be endogenous: the banks 
providee all the funds needed by the firms, at the given interest rate. Supply 
off  credit equals demand for credits. The amount of net credit supplied by the 
banks,, the net credit creation, depends on the difference between the 
demandd for funds and the deposits, which are given by the savings out of 
formerr income. As in the monetary business cycle of Hawrrey and Hayek, 
thee banks have a desired level of net credit creation. In deviation of the 
Hawtrey/Hayek-approach,, credit is not restricted when the actual amount of 
nett credit creation is above the desired level, only the interest rate is 
changed.. When the actual net credit creation is above the desired level, the 
bankss set a higher interest rate for the next period, inducing savings to rise 
andd thereby lowering the actual net credit creation. 
Incomee is assumed to be constant, so changes in the level of deposits are 

determinedd by changes in the saving rate. The determination of the saving 
ratee is taken up in sub-section 2.2. The dynamics of the monetary sector are 
discussedd in 2.3 and in 2.4. 
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2.11 The demand for  loanable funds 

Firmss demand funds to finance spending on outlays (labour and other 
inputs,, capital outlays in the terminology of Foley(1987)). As noted by 
Negishi(1989)) the demand for funds is the result of a lag between physical 
productionn and the realisation of the value of production through trade. In 
thee short-run the influence of the labour market on the demand for funds is 
ignored,, so the demand for funds is assumed to be exogenous: 

ddtt = d (5.2.1) 

dtdt = demand for funds in at t 

2.22 The supply of loanable funds 

Thee capital stock is assumed to be constant: private households do not 
investt directly in capital or other real assets; savings are held in the form of 
depositss at the banks. 
Householdss decide to consume part of their present income and to save a 
portion,, s, of their income. They are assumed to change their net-savings 
(Sf+i-Sf)) when the present interest rate differs from an (exogenous) level of 
thee interest rate (a/fi). Given the interest rate, this decision results in a new 
levell  of deposits, St+i=Sf+iYf/ available on the credit market at t+1. A rise in 
thee interest rate above the desired level increases the saving ratio, relative to 
itss former value. Given income, this increases the supply of deposits. In the 
aggregate5,, net savings (st+\-St) are positive when it is above cc/fë: 

SMSM~~StSt=-a=-a + pit (5.2.2) 

st+ist+i - savings (rate) in at t, deposits available at t+1 
itit  = interest rate in at t 

Thee demand for credits by the firms equals d. It is assumed that the supply of 
creditss equals the demand for credit. Part of the supply of credits is backed by 
thee available deposits (sf+i), part has to be supplied by the banks. The 
differencee (v) is called the net-credit-creation. Following the monetary 
theoriess in chapter two (Hawtrey, Hayek), the banks are assumed to have a 
desiredd level of net-credit -creation (e/x)- The banks set the interest rate in 
responsee to deviations between the desired and the actual net-credit-
creation.. When the actual net-credit-creation is above the desired level, they 
raisee the interest rate: this raises savings (deposits), lowering the net-credit-

^Attentionn is paid to the macro-dynamics. On an individual level households could want to 
loann against an interest rate above a/f3, but those are assumed to be a minority in the total of 
households.. Also there are more firms demanding money, than offering deposits. 
66 All parameters are taken to be positive, unless stated otherwise. 
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creation.. It is assumed, that e and % generate a positive desired net-credit-
creation,, so iv covers the costs of banking, including a 'reasonable' level of 
profitss for the owners of the banks. These assumptions give: 

vvt+it+i  - dt+i - st+i 

(5.2.3) ) LL = _£ + mm++\ \ 

vv t = net-credit-creation 

Thee first equation in (5.2.3) gives the net-credit-creation necessary because of 
thee funding of the wage fund, minus the deposits (the savings from the last 
period).. The second equation determines relative changes in the interest 
ratee as result of the net-credit-creation. Solving (5.2.2) and (5.2.3), using 
(5.2.1),, gives the dynamics of the credit market, describing the present 
variabless as a function of their past values7: 

iM=(l-£iM=(l-£  + &-&t{l-<x}-Xfctit)it  ( 5 2 4) 

%+i=( l - aa + #' fh 

Equationn (5.2.4) gives the evolution of the interest rate and the savings rate. 
Thee supply of deposits in t+1 (st+i, the savings in t) is a function of the level 
off  deposits in t and the interest rate in t, if. The net-credit-creation is 
determinedd by the supply of deposits in f+1, so the interest rate in f+1 
dependss negatively on the level of deposits in the former period (Sf), 
whereass the effect of the interest rate in t (if) on i'f+1 is ambiguous. 

2.33 The market for  loanable funds 

Inn this section the conditions for the steady state8 and the dynamics outside 
thee steady state are analysed9. Appendix A gives a mathematical analysis of 
thee uncoupled systems and their steady states. There are two fixed points, 
(i=0,, s=0) and (s=s*f i=i*).  When the net-credit-creation equals its desired 

77 Although this model looks similar to the familiar Lotka-Volterra model, it deviates from 
itt through the dependency of if+% on sf+i instead of Sf. 
88 A steady state (an equilibrium or a fixed point) of map ƒ is a point x"> for which J\xt^)=xaf/ at 
whichh the dynamical system is at rest. 
9Equationn (5.2.4) is comparable with the logistic: 

—— yds 
i mm = A(s)it(l - B(s)it); A(s) = 1 - E + Xd - & t{l  - a}; B{s) = f^— -

Theree is, given the savings in r, a level of the interest rate above which the deposit's in f+1 
risee to such a level where the actual net-credit-creation declines below its desired level, 
causingg the interest rate to decline in f+1. 
Thiss is not analysed further here, because the influence of the coupling is the main theme of 
thiss chapter (see below). Due to the formulation above it is already evident that the 
dynamicss of i wil l depend on A(s, u) in the models below. 
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level,, the interest rate remains constant. The desired net-credit-creation was 
givenn by: 

X X 

Thee desired level of v can be substituted in (5.2.3) to determine the 
equilibriumm level of savings: 

s*s* = d--
X X 

Too generate the required savings, the necessary interest rate is given by 
(5.2.2): : 

»» a 

Att i* t net savings are zero (sf+i-Sf=0)/ so the level of savings is constant 
(Sf=St+1).. In appendix A both the equilibria {i*,  s*) and (0, 0) are shown to be 
'neutrallyy stable'. In this case, it is not possible to make general statements 
aboutt the stability of the system. Simulations and the phase-diagram have to 
bee used to show the occurrence of cycles in this model. 

Usingg (5.2.4), the phase-diagram, in figure 5.2, is drawn by depicting the 

l o c u ss for  = o and for L = 0: 

== o-»s« xd~E 

^~^~ aa + ^  (5.2.5) 

== 0 - M = -

Thee 'non-changing' level of the interest rate depends on both the level of 
savingss and the interest rate itself. Given the level of the interest rate, 
savingss above the equilibrium level of savings (s*) lower the interest rate. 
Savingss below this level result in a higher level of net credit creation, which 
raisess the interest rate. The directions of interest rate and savings are drawn 
inn figure 5.210. 

10Assumingg a<l, so the second branch of i f+1 - it/i t = 0 is assumed away. Of course, the real 
interestt rate can be negative. In that case the households would also like to borrow from the 
banks,, so no backing of the loans exists anymore. The monetary authorities, because of the fear 
off  bankruptcy, wil l resist this. This situation is assumed away in this model. The occurrence 
off  high inflation, low nominal interest rates and a society going into debt would, by non 
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s*.d-(e/x) s*.d-(e/x) 

Figuree 5.2: The phase diagram for i and s. 

Assumee savings and the net creation of credit initially to be at their 
equilibriumm level. When the interest rate is below i*,  savers decide to lower 
theirr savings (consume more) in the present period. Expenditure increases 
andd given production, the price level rises. The decline in savings increases 
thee credit creation in the next period above the desired level of credit, so the 
bankss raise the interest rate to generate more savings. The rise in savings 
lowerss expenditure on goods, decreasing the price level. The model predicts 
aa (imperfect) negative relationship between the interest rate and changes in 
pricee level11. When the interest rate reaches its equilibrium value, the net-
credit-creationn is beneath its desired level. This causes a decline in the 
interestt rate and the accompanying decline in savings and rise of credit 
creation. . 

2.44 The dynamics 

2.4.11 The bifurcatio n diagrams 

Severall  bifurcation diagrams are calculated, for the parameters, /J and %. 
Eachh time another parameter is changed. The remaining parameters are 
heldd constant. The total period of the simulation is taken to be 5,000 
iterationss and there are 500 steps between the minimal and maximal value 
off  the parameter. It is, therefore, possible for the model to exhibit a different 
behaviourr for parameter values, which are not observed here. 

interferencee of the central bank, results in a massive rise in the nominal interest rates and 
bankruptcyy of firms and banks. 
^Thiss is confirmed by the survey of Blanchard and Fischer(1989, 19-20), who find the real 
interestt rate to behave (slightly) pro-cyclical, whereas inflation has a (small) negative 
correlationn with changes in GNP. 
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Thee following results are found: 

Rangee of /} Dynamics s Rangee of z Dynamics s 
0.01-29 9 
29-30 0 

30-118 8 
118--

Cycles s 
Unbounded d 

Cycles s 
Unbounded d 

0.01-30 0 
30-31 1 
31-45 5 
45--

Cycles s 
Unbounded d 

Cycles s 
Unbounded d 

Forr each of the parameters the bifurcation diagram for the first stable period 
iss shown below in figure 5.3 (/J: 3a, %: 3b). 

a.. 0.01 < fk29 
b.. 0.01<X<45 
(unstablee for about 
30<< X <3I) 

1 » ! ! 

Figuree 5.3: The bifurcation diagrams for /3 and %. 

2.4.22 The Lyapunov characteristic exponents 

Forr the parameters reported above LCE's are calculated using the DMC-
programm of Medio and Gallio. 
/J:: In the case of ft, the LCE's show fluctuations around different trends: for 
0.01<£<99,, the trend is zero. 
X-X- For 0.01<£<15, the LCE's are negative and show dampened fluctuations 
towardss zero. Between 20 and 41, the fluctuations are around zero. The 
model,, however, loses its stability around £=30. 
Effectively,, taking the estimation errors of the simulations in account the 
resultingg LCE's cannot be distinguished from zero: the dynamics are 
characterisedd as quasi-periodic and periodic behaviour. 

33 The labour  market 

3.11 Employment and wages 

Goodss are produced using labour as input. After production, wages are paid, 
productionn is sold, credit redeemed and interest is paid. The remaining 
valuee of sales is distributed to the owners of the firms, part of the 
households,, as profits. Part of the income is spent on consumption, part is 
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saved.. Since here only the dynamics of the labour market are analysed, the 
monetaryy sector is assumed to be in equilibrium; St=s*, U=i* 

Thee existing capital stock is assumed constant and non-perishable in the 
shortt run. Changes in production are proportional to changes in the 
utilisationn of the capital stock. There is a large number of small firms, each 
owningg one unit of capital. Firms are indifferent if they stay or leave the 
productionn sector, at an average level of profit, n*. Below this level of n, 
firmss start to leave the production sector. They store the capital good, until 
profitabilityy rises above if. Above this level of profit, firms re-enter. The 
ratee of utilisation gives the total number of active firms (capital goods) to 
thee number of firms active when the rate of profit equals the 'normal' level 
off  profit, if. The adjustment is continuous in the sense that not all firms 
simultaneouslyy enter (leave) the production sector for TOTI* (TKTT*) . The 
levell  of utilisation rises proportionally to the ratio of actual to 'normal' or 
desiredd profits: 

11 = ^ - (5.3.1) 
uutt n* 

«tt = utilisation of the capital stock 
7tt7tt = share of profits in income 
7t*7t*  = desired share of profits in income 

Usingg equation (5.1.3), (5.3.1) gives the rate of utilisation as a function of the 
wagee share in income and the interest rate: 

uut+lt+l=u=uttX(l-{lX(l-{l  + i*)w t) (5.3.2) 

1 1 
AA = — = the inverse of the desired share of profits 

n*n*  v 

i*i*  = equilibrium interest rate 

wtwt = —- = wage share in income 

AA rise in the rate of utilisation of the existing capital stock increases the 
demandd for labour to operate the active stock of capital goods. Given the 
wagee rate, this raises the wage fund through its effect on employment. The 
risee in employment, in turn, raises the wage rate, again a rise in the wage 
fund.. This is most certainly the effect when the supply of labour reaches 
somee kind of absolute maximum (/*). A higher capital stock requires more 
labour,, which is -then- realised by a rise in labour productivity that raises 
thee wage rate12. Here, a rise in the rate of utilisation is assumed to increase 

12AA rise in productivity can be realised by a decrease in shirking, or by inducing labour to 
workk harder or longer. These actions raise costs either through control-costs or higher wages. 
Heree the latter is assumed (also see Phelps(1994), 20). 
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thee wage share, ignoring the division between a rise in employment and in 
thee wage rate. Secondly, the wage share behaves smoothly: the rate of 
utilisationn determines changes in the wage share, not only the level. 

Thee labour market is illustrated in figure 5.4. The demand for labour is 
predeterminedd by the profit rate in the former period (ld(nt)). The wage 
sharee in f+1 is determined by the labour supply , which depends on the wage 
sharee in the former period, and the demand for labour. This can be 

modelledd as a linear relationship {lslw}\ in figure 5.4) or as a non-linear one 

(Isiwf)(Isiwf) in figure 5.4), depending on the reaction of the wages to the changes 

inn demand. 

2 2 
wwt+\ t+\ 

1 1 

Ufa)) I* 

Figuree 5.4: The relationship between the wage share, labour demand and labour supply. 

Too model this mechanism, relative changes in the wage share are assumed 
too depend on the deviations of the rate of utilisation from its 'normal' rate 
(u*-uf,(u*-uf, M*=1) 13. This determines the second dynamic equation for the labour 
market: : 

^M=^M=wwt{t{ 11-<t>{-<t>{ 11--uut+l))t+l))  (5-3-3) 

Equationss (5.3.2) and (5.3.3) describe the dynamics of the labour market and 
productionn (as represented by utilisation). Starting from a high level of 
profit,, utilisation increases in the next period. This increases the demand for 
labourr and the wage share. The higher the utilisation of capital, the more 
labourr is used in production. The higher labour demand increases the wage 
sharee in production. A higher labour share depresses the profit share, so 

l^Thee model gives no explanation for unemployment because the labour market always clears. 
Thiss is a simplification to reduce the complexity of the model. A further extension of this 
analysiss should account for the division between changes in the labour productivity and the 
demandd for labour. 

JfeK ) ) 

/ % \ ) ) 
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next-periodd utilisation and employment decline. This feedback generates an 
utilisation-wagee share cycle, comparable to Goodwin(1967)14. 

Furthermore,, it is assumed that if the wage share falls towards zero, 
utilisationn rises with a definite amount, instead of going to infinity . This is 
duee to the time consuming adjustments: firms cannot enter 
instantaneously.. When the rate of utilisation goes to zero, it also takes time 
forr the wage share to fall to zero. 

Equationn (5.3.2) and (5.3.3) give the following u-zv model: 

uut+1t+1=u=uttX(l~(lX(l~(l  + i*)w t) 

w t + i = ^ ( l - ^ l - « , A ( l - ( l + i > t ) ) ) ) 

Thee steady state values for the rate of utilisation and the wage share are (for 
thee analyses of the stability in the equilibrium, see appendix A): 

u*=l u*=l 

A - l l 
urr = 

Solvingg (5.3.2) and (5.3.3) for " f + 1 ~^ = 0 and Wl+1 ~ w*  = 0 gives: 
uutt ivt 

UUt+lt+l  ~Ut n A ~ 1 
uutt A(l + I* ) 

(5.3.4) ) 

0-»«« = f (5.3.5) 

Equationn (5.3.4) states that, for the rate of utilisation to remain constant, the 
wagee share has to be at a level at which the firms receive the desired profit 
sharee and the savers the desired interest rate. In equation (5.3.5) the wage 
sharee is constant when the rate of utilisation is such that all participants in 
thee production process receive their desired income: a higher rate of interest 
hass to be compensated by a higher rate of utilisation so income of the other 
participantss does not change. Equations (5.3.4) and (5.3.5) are shown in a 

^Comparee the discrete time version of the Goodwin-Lotka-Volterra-model in Lorenz(1993). 
Thee differences with the standard solution to the Goodwin-Lotka-Volterra (GLV)-model are: 
1-thee timing of the reactions. In the GLV-model employment and the wage share are 
dependentt upon the variables in the last period. Here we assume the wage share to react 
directlyy to the level of employment; 2-in the GLV-model, the influence of the profits on 
employmentt is indirect, through actual changes in the capital stock. Here, a more direct 
influencee is assumed, in the form of entry and exit. 
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phasee diagram (figure 5.5). When utilisation is above (below) w, w, t+i i -w, -w, tt _ == 0, 

thee wage share rises (declines). The level of the wage share (adjusted for the 
interestt rate15) is between 0 and 1. A level of {l+i*)w~\,  is only sustainable 
whenn the rate of utilisation goes to infinity , otherwise, such a high wage 
sharee in income lowers utilisation. When the wage share is to the right (left) 

of f " r + l - " t t == 0, utilisation declines (rises) because the wage share is too high 

(low)) for an equilibrium situation. The combined movements in the four 
possiblee situations are drawn in figure 5.5. 

/ / 

>> > 
X * * 

/ / 

V» » 

c\ \ 

" l l 

\ \ / / 

^ ^ 

11 s 
11 V 

V V 

w, w, 

ID ID 

uVX uVX 

Figuree 5.5: The phase diagram for u and w. 

3.22 The dynamics 

3.2.11 The bifurcatio n diagrams 

AA bifurcation diagram is calculated, for different values of parameter <j>  and 
shownn in figure 5.6. The other parameters are held constant at the value 
usedd in the base-simulation. The total period of the simulation is taken to be 
5,0000 iterations and there are 500 steps between the minimal and maximal 
valuee of the parameter. It is, therefore, possible for the model to exhibit a 
differentt behaviour for parameter values that are not observed here. 

Thee following results are found: 

Rangee of <j> Dynamics s 
0.01-1.1 1 
1.1-1.15 5 
1.15-1.5 5 
1.5--

Cycles s 
Unbounded d 
Cycles s 
Unbounded d 

15whenn there is mentioning of the wage share in income in this section, the wage share 
adjustedd for the costs of financing the wage fund, w(\+i*),  is meant. 
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O.O1<0<1.1 1 

Figuree 5.6: The bifurcation diagram of 0 

3.2.22 The Lyapunov characteristic exponents 

Forr the parameters reported above LCE's are calculated using the DMC-
programm of Medio and Gallic Again the LCE's show dampened fluctuations, 
tendingg towards zero from below, for O.1<0<1. For 1.1<0<1.5, there is a 
stablee cycle for which the trend rises slowly above zero. Taking the 
estimationn errors of the simulations in account the resulting LCE's cannot 
bee distinguished from zero: the resulting dynamics are characterised as 
quasi-periodicc and periodic behaviour. 

44 Coupling of the labour  market and the monetary sector 

Inn this section the influence of the two sectors on each other is traced. By 
combiningg the markets, the dynamics of the two-sector economy (labour 
andd money) can be determined. Independent of each other, the sectors 
exhibitt (quasi-) periodic behaviour (as shown by analysing the bifurcation 
diagramss and the LCE's). Here, it wil l be shown that an interaction between 
thee two sectors changes the dynamics of both the aggregate economy and 
thatt of the individual sectors. Questions are whether the coupling increases 
thee aggregate fluctuations and if these fluctuations deviate from those in the 
partiall  sectors? 

4.11 The influence of labour  market fluctuations on the monetary sector 

Too determine the effect of fluctuations in the labour market on the 
monetaryy sector, the model has to be adjusted to allow for the link between 
thee labour market to the monetary sector and vice versa. 
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Thee first effect to consider is the demand for funds. In section one the 
demandd for funds was defined as the amount of money needed by the firms 
too pay the wage fund, and normalised to d=l. If the demand for funds is 
determinedd in the labour market, it wil l depend positively on the wage 
share:: &t  = d(w\); d'>Q. 

Secondly,, the supply of deposits is determined by the former-period-savings. 
Thesee depends positively on income in the former period: St=S(st, « M ) ; 
Su>0. . 
Givenn these two relationships, the net-credit-creation depends positively on 
thee wage share and the former rate of utilisation: Vt=Df-St=V(wt, St, «t-i). 

Thee present rate of utilisation depends negatively on the former wage share, 
whereass it has a positive relationship with the present wage share: 
Aut/Awt-i<0Aut/Awt-i<0 (see 5.3.3), Awt/Aut>0 (see 5.3.2). So a relative high present rate 
off  utilisation indicates a low wage share in the former period and preludes a 
highh wage share in the present period. 

Theree are three effects on the net-credit-creation: 
1.. the rise in demand for funds, when the rate of utilisation rises; 
2.. the rise in the supply of funds because of a rise in utilisation; 
3.. the rise in the supply of funds because of a rise in the rate of saving. 
Thee rate of utilisation is taken as the link between the labour market and 
thee monetary sector, a high utilisation rate indicates low savings and a high 
demandd for money, thereby raising the net-credit-creation. Replacing dt 
withh ut summarises the influence of the factors following changes in the 
wagess and utilisation. The net-credit-creation then depends on the savings 
ratee (si) and on the rate of utilisation: 

vvtt=u=u tt-s-stt (5.4.1) 

Substitutingg (5.4.1) in (5.2.3) gives a new equation for the interest rate: 

*H- i= i r ( l - * -2»f+ i ) ) 

==  it(l-e-x{ut+i-sMj) (5.4.2) 

==  ̂(1 - e + xvt+i ~ JPt I 1" « ] " Xfah) 

Thee equilibrium level of i does not change because of the coupling (i*  = a/p), 

ass can be seen by taking - ^ — - = 0 in (5.2.4). The level of s for which the 
sst t 

moneyy market is in equilibrium, depends on the state of w. Setting - ^ — - to 
h h 

zeroo in (5.4.2) gives the following equation for s: 
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11 £ 
StSt = [(l-a)^t}

Ut+1~xl(l-cc) + Pit} 

Settingg i to i*  gives for s* (the value of s necessary for local money market 
equilibrium: : 

** e 

Thee equilibrium level of savings changes because of the changes in 
utilisation.. A rise in utilisation increases the demand for funds. To keep the 
net-credit-creationn and the interest rate unchanged, the savings rate has to 
risee with the rise in the rate of utilisation. Theoretically there is a 

continuumm of — — - = 0-lines, one for every value of u. The equilibrium 
h h 

(s*(ut),(s*(ut), i*)  lies between those values, depending on the level of Uf. 

4.22 The influence of the monetary sector  on the labour  market 

Inn section 3, it was assumed that changes in the utilisation rate depend only 
onn the wage share in the former period. When the financing of the wage-
fundd through the financial market is taken into account, those costs also 
influencee the decision on the utilisation rate. Equation (5.3.2) has to be 
adjustedd accordingly: 

uut+lt+l =u=u ttA(l-[lA(l-[l  + it]zut) (5.4.3) 

AA rise in the wage costs lowers the rate of utilisation, as before, due to its 
effectt upon actual profits. In this case, a higher interest rate also raises costs 
off  production, depressing utilisation. The determination of the wage share 
remainss the same. The interest rate, however, has a negative effect on the 
wagee share through its effect on present utilisation. 

Thee interaction changes the level of the wage share, at which the utilisation 
ratee equals its 'normal' level. Keeping the desired profit share (7Z*=1/A) 
equal,, a higher level of the interest rate means there has to be a lower level 
off  the wage share to reach equilibrium. So when the costs of financing are 
takenn into account, this lowers the value of the wage share, necessary for 
labourr market equilibrium. Using (5.3.3) and (5.4.3), this gives: 

——— L = 0 —» U* = 1 
WWt t 

- ^^ L = 0 - » W* = —;= T 

uutt H1 + it] 
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Ass with the influence of u on i, the steady state of one market relies on the 
statee of the other market. A rising interest rate requires a lower wage share 
too keep the profit rate at its desired level: the total of adjustment falls on the 

wagee share (in equilibrium), keeping u* constant. So, the curve —— = 0 

shifts. . 

4.33 The two-sided feedback between the labour market and financial 
sector16 6 

Inn the monetary sector, the savings rate and income (as approximated by the 
ratee of utilisation) determine the interest rate. The present savings rate (part 
off  former income, which at the present is held as deposits) is determined by 
thee distribution of income between present and future consumption, based 
onn the interest rate: 

i't+ii  = f1" £ ~ XPtl1 ~ a]  ~ Xfcth + X[M{1 ~ [1 + i 'tH )])*'* 

sst+lt+l  = (l-a + pit)st 

Inn the labour market, present production (again represented by the rate of 
utilisationn of the existing stock of capital) is determined by the former share 
off  profits in income, which is in turn the result of the costs of production 
(thee wage fund and interest paid). The demand for labour, following from 
production,, determines the wage share: 

u t + 1 = u f A ( l - [ l H H ) ) 

wwMM=w=w tt(l-<t>(l-u(l-<t>(l-u t+lt+l )) )) 

CCCC 6 
Generall  equilibrium gives the familiar equations: i**  = —; s**  = l ; 

PP X 
A - l l 

uu * *  = 1 and w * *  = —, r-, in which x**  gives the value of the variable x, (x 

== i, s, u, w) necessary for equilibrium on the money market and the labour 

16Langen(2000a)) analyses the partial effects of the one-sided-couplings: keeping i constant at 
i*i*  in the labour market, investigating the influence of the wage-utilisation dynamics on the 
monetaryy sector. The effect of the monetary cycle on the labour market can be modelled by 
takingg the actual interest rate, if, when determining costs, without a feedback from the 
labourr market towards the money market. Using Medio's DMC, these partial versions of the 
modell  analysed were shown to be truly chaotic for large ranges of the parameters. 
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markett simultaneously ([xt+l  -xt]/x t = 0; other variables taken at their 
equilibriumm value). 

Period d 

Figuree 5.7: The coupled cycle in a flow diagram (+/- gives the changes in the period, as result 
off  changes within the period and the former period). 

Figuree 5.7 gives the flow chart of the dynamics. If u rises as result of an 
exogenouss change, the firms demand more labour, so the wage share rises as 
inn the uncoupled case. The interest rate rises also because the coupling of the 
twoo sectors: the increased demand for funds stimulates the net credit 
creation,, given the savings in the former period. The rise in costs of 
productionn has a negative effect on the current profit rate. This depresses the 
ratee of utilisation in the next period: depression is setting in, accompanied 
byy a decline in the wage share. The savings rate, however, rises, as the 
interestt rate has risen. The decline in the demand for funds, combined with 
thee rise in deposits lowers the net credit creation of the banks. This reduces 
thee present interest rate. 
Thee production costs (the interest rate and the wage share) decline. The rate 
off  profit on capital rises because of this decline. The rate of utilisation wil l 
increasee in the next period, endogenously returning to the start of the cycle. 

Thiss model highlights one of the functions of the banks: banks are firms 
createdd to generate income, at least to cover labour and managerial costs, by 
settingg the interest rate as high as possible. The banks' goal is contrary to the 
goall  of savers and firms (respectively receiving a large amount of interest 
andd minimising interest costs). An action on the part of the banks induces a 
counteractionn of savers, counterbalancing the effect on income of the banks: 
aa raise in the interest rate because of the extra income, brings about a rise in 
savingss annulling the extra income and bringing down the interest rate 
becausee of the excess supply of funds. The firms are also led by their profits. 
Ass they take into account the real costs of financing the wage fund, they 
respondd more to changes in the wage share, when both the interest rate and 
thee wage share influence the profit share in the same direction. 
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TwoTwo observations 
Thee costs of production (interest payments and the wage fund) move 
together.. High labour costs are enhanced by high financial costs. This 
conclusionn depends on the reaction of the rate of savings. In this model, the 
wagee share has no independent direct effect on the savings as its effect is 
capturedd by the present rate of utilisation. 

Thee chart also shows a negative co-movement between the rate of savings 
andd utilisation. The savings rate rises because the interest rate is high, which 
causess the rate of utilisation (in combination of the rising wage share) to 
decline.. Therefore, the model predicts a positive relationship between 
consumptionn and production. A lower rate of savings is the mirror side of a 
risee in consumption. During a depression both production and 
consumptionn decrease. These changes, however, are independent of each 
other:: there is no direct relationship between consumption and production. 

4.44 Simulating the coupled economy 

Thee coupling of both sectors causes the model to become explosive (see 
figuree 5.8). A negative deviation from i of i*  leads to a positive deviation. 
Afterr time a high savings rate (a high supply of deposits) wil l coincide with 
aa low level of utilisation (a low demand for money). Firms demand funds 
beloww the level of available deposits, so banks' income becomes negative. 
Thee interest rate becomes negative and the model becomes explosive. To 
restrictt the interest rate above zero, the central bank is assumed to guarantee 
aa minimum level of interest on the deposits, for example by giving out 
bondss at imin. As the interest rate approaches imin, part of the savings is kept 
ass bonds, lowering the supply of deposits. This ensures stability as the two 
sectorss are coupled. The minimal interest rate, however, is chosen to be at a 
levell  that does not influence the uncoupled dynamics17. 
AA drawback of this added non-linearity, which is necessary for stability, is 
thee impossibility to use DMC to determine the LCE's. 

17Inn an earlier version of this chapter it was also assumed that the coupled model was stable 
whenn <t>  = a(xd ~ e)/W - D - V e r v long-term simulations (up to 10,000,000 periods), using DMC, 
showw that even for small deviations between the initial variables and their equilibrium 
values,, the model becomes unstable. The unstable dynamics of the monetary sector is 
confirmedd by the work of Morishima (1992, 23-24). 
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Figuree 5.8: The unrestricted model: long-term instability. 

Theree is a difference between the short and the long run, as can be seen by 
simulatingg the model18. In the short-run (assuming a moderate difference 
betweenn the initial value of the variables and their equilibrium value) the 
cycless appear to be complex as shown in figure 5.9A. The short-run 
dynamicss are roughly similar to the one-coupled dynamics in 
Langen(2000a).. Both sectors show a tendency to 'fill ' the surface within the 
originall  uncoupled cycle. The shifting '8-shaped' labour market dynamics 
reflectt the higher periodicity of the money market: there is a high state 
equilibriumm (1, whi8h) and a low state equilibrium (1, wlow), whereas those 
equilibriaa move slowly up and down as interest rate changes (with the old 
(u*,(u*, w*) in the middle). The dynamics in the labour market are reflected by 
ann up- and downward change in s* where the cycles are interrupted before 
closing.. The actual appearance of the cycles depends on the periodicity of the 
cycless in each market (see below). 

l°Too generate the following figures, the parameters were: a = 0.2, d = 0, A = 3.704, )3 = 4, E= 1, <p = 
0.2,, s*= 1/3, x= 1-50, w* = 0.695 , r\ = 1, i*  = 0.05, u* = 1, imi„  = 0.01, as before. Calculating the 
bifurcationn diagrams, for different values of ft and % (taking so=0.3 and the other initial 
valuess and parameters as before and constant), there is an alteration between stable and 
unstablee ranges for )3 and %. Because of the minimal value of i, there is to be no upper limit for 
thee two parameters. 
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A:: Short-term dynamics (MS-Excel) 

i i 
0.22 -| 1 1 1 1 1 1 0.65 -| | 1 H 

0.022 0.03 0.04 0.05 0.06 0.07 0.08 0.85 0.95 1.05 1.15 
B:: Long-term dynamics (DMC) 

Figuree 5.9: The short-term and long-term dynamics of the coupled model, with a minimal 
interestt rate (black dots: partial uncoupled cycles). 

Inn the long run, fluctuations in the money market become unbounded. A 
combinationn of a high savings rate and a low level of utilisation give the 
monetaryy authorities reason to intervene. So, the restriction of the minimal 
interestt rate becomes effective. The resulting cycles are depicted in figure 
5.9B:: the z's-dynamics are simplified into an a-symmetric cycle; the '8-shaped' 
wif-dynamicss becomes a double cycle. The long-run dynamics are 
insensitivee to initial values: in time a similar deviance between im,n and i* 
iss encountered in each case. 

Thee backbending of the u-w curve is the result of uncompleted cycles 
aroundd different equilibrium values when the variables in the other market 
movee around. Compared with the original independent cycles, variability 
becomess larger, but the periodicity is largely maintained. When the rate of 
utilisationn declines, so does the wage rate. This decline compensates for the 
sloww reaction of the monetary sector (the interest rate does not decline fast 
enough).. So although the interest rate continues to rise, the rate of 
utilisationn rises too, but only to a relative maximum: the boom is frustrated 
byy the rising interest rate. Only when both the wage share and the interest 
ratee decline does the rate of utilisation rise above 100%, towards an absolute 
maximum. . 
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Inn the time series (not shown), this difference in periodicity between sectors 
suggestss the appearance of a 'long wave' which is disturbed by 'short-term' 
fluctuations.. Both, however, are the result of the same mechanism. 

Figuree 5.10 gives the i-w and u-s cycles. It shows the existence of an anomaly 
betweenn the simulations and the theoretical observations in figure 5.7. 
Theoretical,, the costs of production should be correlated positively, whereas 
thee correlation between the rate of savings and the rate of utilisation is 
negative.. For the simulation in figure 5.10 the calculated correlation 
coefficientt for the interest rate and the wage share is -0.96 and the correlation 
coefficientt of the rate of savings and the rate of utilisation is 0.93, contrary to 
expectations. . 
Thiss difference is explained by the difference in periodicity. The 'own' 
dynamicss in the labour market dominate the influence of the money 
markett on the rate of utilisation and the wage share. As the rate of savings 
risess or declines, fluctuations in the rate of utilisation are more frequent as 
thee influence of labour is larger (0 is higher). The theoretical positive 
correlationn returns if a moving average is taken from the actual movements 
inn the rate of utilisation: the short-term (labour market) dynamics destroy 
thee theoretical relationship. 

samee (0 = - ;; 0.037), the calculated correlation coefficients become 

Iff  the parameters are adjusted, so that the periodicity in each sector is the 
a(xd-e) a(xd-e) 

( A - l )) • 
0.788 for the i-w relationship and -0.96 for the u-s relationship. The influence 
off w and i on u are equally important, because of the weakened bargaining 
strengthh of labour, so the fluctuations in the labour market are moderated. 

u T T 

l.i i 

l . . . 

0.9. . . 

0.8 8 
0.622 0.64 0.66 0.68 0.7 0.72 0.74 

Figuree 5.10: The i-w and u-s relations for 0=0.2. 

0.2 2 0.4 4 0.6 6 

Inflationn is larger than in the uncoupled case. As before, demand follows the 
timee path of utilisation, but lies above supply when the rate of savings 
decliness (and vice versa). The gap between demand and supply of 
consumptionn goods results from the difference in timing between 
utilisationn and the rate of savings. This gap causes inflation to be very high 
duringg a period of absolute boom. A rise in present utilisation increases the 
presentt interest rate. This stimulates the next period savings, depressing 
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expenditure,, but depressing supply even more: excess demand rises. The 
modell predicts a high rate of inflation following the upper turning point in 
supplyy because the production declines faster than demand. 

Conclusion: Conclusion: 
Whenn firms take the real costs of funds into account and influence the 
moneyy market through their demand as result of the financing of the wage 
fund,, the fluctuations in both sectors rise in amplitude, but the periodicity 
remainss the same as in the uncoupled case. 
Thee monetary authorities can ensure stability by guaranteeing a minimum 
interestt rate. 

Althoughh the economy always moves towards the long-term cycle, the 
transitionn period is very long. Compared to the dynamics of the uncoupled 
sectors,, complexity rises (especially in the short term). But, compared to the 
one-sidedd coupling in Langen(2000a) the complexity of the time paths 
declines.. Distortions cause adjustments in both markets, instead of in one 
market.. Disequilibrium in one of the two sectors causes both sectors and the 
aggregatee economy to fluctuate in a persistent way. Inflation rises because 
thee gap between demand and supply is widened, as expenditure changes 
whenn the interest rate changes, but the interest rate and the wage share both 
influencee production. 

Thee periodicity of the original cycles in each of the markets can deviate. In 
thatt case: 
1.. data from simulations show a long wave, distorted by short-term 
fluctuations; ; 
2.. simulations show a negative correlation between prices of inputs (credit, 
labour)) and a positive correlation between savings and utilisation, whereas 
-onn theoretical grounds- the reverse correlations are expected. 
Thee behaviour of the aggregate economy differs from the behaviour 
expected,, based both on a study of the behaviour on each market and on an 
analysiss of the theoretical model. 

Thee short-term dynamics are ignored in the following analyses of 
governmentt policy. For actual policy-making they remain important as the 
transitionn period is long: during simulations, it took between 10,000-
1,000,0000 periods for the model to lose its stability. Even when the wages are 
assumedd to be paid on a daily basis, this is roughly equivalent to 27 to 2739 
real-timee years. The period in which these short-term cycles exist depends 
onn -the deviation between the initial value of the variables and their 
equilibriumm value, and -the magnitude of the parameters. 
Whenn the government decides to intervene by changing the level of a 
parameter,, it could take a long period before the economy returns towards 
itss long-run equilibrium. Simulations show that during the transition 
period,, fluctuations are more severe. In addition, the average employment 
iss lower and average inflation is higher after the intervention. In the next 
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sub-section,, the attention is turned to the possibility of influencing the 
parameters,, ignoring this interference with levels. 

4.55 Government policy 

Ass stated above, changes in the initial level of variables do not change the 
long-termm dynamics of the economy. Only in transition, the variance is 
lowerr when the government moves the actual variable towards the 
neighbourhoodd of the equilibrium. When the government wants to change 
thee long-term dynamics, it should influence the parameters of the economic 
system. . 

Assumee the government to aim at a stable price level (low inflation) and a 
highh stable level of employment. The price level is determined by the 
confrontationn between supply (Yf=wt) and demand, which consists of 
presentt income minus present savings and former period savings 

([L-([L-  st+i] ut+ stut-i) • The price level (p) and inflation (dp) are given by: 

Pt=l-sPt=l-st+t+i+si+stt\^f\^fL L 

VV Ui ) 

(5.4.4) ) 

dpdp ElZBzlxm% 
Pt-i Pt-i 

Equationn (5.4.4) shows the price level to rise when present consumption is 
abovee present production. When the level of last period savings were large 
comparedd to the level of present desired savings, present consumption is 
high;; if the level of present savings is high relative to the level of former 
savings,, it depresses present consumption. Utilisation is assumed to 
representt production: a high level of present utilisation lowers the price 
level.. A high level of utilisation in the former period is followed by a high 
levell of savings in the following period: this enhances present consumption 
andd the price level. 

Employmentt varies proportionally with the product of the rate of utilisation 
(u)(u) and the labour share (w)19: 

l^Inn order to determine the level of employment, the real wage rate (to) is taken as given (the 
followingg can be adjusted for a distribution of w between the wage rate and employment. 
Changess in employment are smaller if the wage rate increases when the wage share rises). 
Usingg the definition of the wage share and the assumptions above, it follows 

that:: wf = —'- = —7™ and I - 9wtur 

With: : 
ItIt = employment 
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llMM =9ivMut+1 

ee =e(Y,w) 
(5.4.5) ) 

Thee time path of inflation and employment of the simulation used before 
(a=0.2;; £=4; #=1.5; e=l; A=l/0.27; 0=0.2) are shown in figure 5.11. 

,T-0.8 8 

..0.7 ..0.7 

. . . 0 .6 6 

10.5 5 
time time 

Figuree 5.11: The time path of inflation (dp) and employment CO-

Thee government expenditures are assumed to be neutral, in the sense that 
expendituress have no independent effect on total demand. Government 
policyy involves a redistribution of income. Income that is taxed away from 
householdss and firms is spent in the same period on additional income for 
publicc servants, consumed and saved in the same proportions as the other 
households. . 

Usingg the coupled model, simulations show the impossibility of the 
governmentt to bring about permanent change by a temporary intervention 
(seee Langen(2000a)). The government can, in one period, supply bonds at an 
interestt rate above the going market rate. The rise in the savings rate 
depressess the price level. When followed by a decline in production, this 
raisess inflation in future periods. The initial rise in the interest rate leads to 
overshootingg but in time the economy returns to its initial fluctuations. The 
samee goes for a one-time lowering of the entry costs of the firms. This will 
resultt in higher costs of production and lower utilisation. Yet, when the 
interventionn is removed, the economy returns to its former fluctuations. 

Ann example of reducing the fluctuations by structural changes is given by 
Morishima(1992,, 23-24). In his view, the dynamics are caused by both the 
behaviourr of the banker and the creative entrepreneur: "We .. conclude that 
thethe economy is likely to be monetarily unstable .. . Besides .. the real 
economyeconomy will  be unstable with respect to entrepreneurs' choice of 
investmentinvestment projects. It is obvious that their decisions on investment will  be 
abortiveabortive unless they are approved and supported by bankers, so that the 
economyeconomy will  perform better if they work in collaboration with each other". 

coco = wage rate 

00 = (y-l/co) = (assumed) constant 
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Ann example of such a collaboration would be the sharing of profits between 
bankss and firms, so the costs of production fluctuate less. Structural changes 
andd automatic stabilisers are ignored; the aim of this chapter is to analyse 
thee effects of two fluctuating sectors. Such an intervention should remove 
thee existing non-linearities. By doing so, the objective of analyses in this 
chapterr is removed. 

InIn the following part of this section, the effect of exogenous changes in the 
parameterss on inflation and employment are analysed, ignoring the precise 
wayy the government could implement these policies. Paragraph 4.6 
explicitlyy treats the relationship between inflation and employment: the 
Phillipscurve. . 

EquilibriumEquilibrium values 
Changingg the parameters can change the equilibrium level of the variables. 
Thesee equilibrium levels, giving equilibrium in both markets 
simultaneously,, are: 

u**u**  = l 

A - l l 
ffl"ffl" = 

A(ll + a/jB) 

s**s**  = i- — 

v**v**  = — 
X X 

Thee equilibrium level of the rate of utilisation is assumed be at a 'normal' 
usagee of the capital stock, here normalised to one, independent of the 
parameters.. The equilibrium wage share depends on the expected rate of 
profitt (A) and the equilibrium rate of interest (a/j8). The interest rate is 
determinedd by the savings behaviour. The equilibrium level of the savings 
ratee and the net-credit-creation depend on the reaction of the banks to 
disequilibriumm in the money market (#) and the level of maximum credit 
creationn (e). 

Threee different effects can be distinguished (see appendix B). Firstly, as a 
changee of the parameter moves the equilibrium level towards the actual 
valuee within a sector, the partial fluctuations are reduced, so the influence 
onn the other sector is smaller. The fluctuations of the system as a total are 
dampenedd (partial policies). Secondly, a change in the parameter can reduce 
thee fluctuations in one sector (see Langen(2000a)), but also influence the 
equilibriumm value of one of the variables in the other sector. The total effect 
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dependss on whether the difference between the variable and its equilibrium 
iss enlarged or reduced (shifting markets). 
Lastly,, a policy aimed at the change in a parameter can cause an (un) expected 
changee in another parameter. The total effect is again undetermined 
(simultaneouss policies). 

PartialPartial policies 
Bothh in the monetary and real sphere, policies that only affect the 
parameterss of one market are possible. 

Thee desired net credit creation (&**) is given by e/x- The government could 
restrictt the desired net credit creation by reducing e. Also, as in the Hawtrey-
Hayekk model (in chapter two), a negative change in the psychological 
environmentt can induce the banks to charge a higher rate of interest for 
eachh level of credit creation (raising %). 
AA decline in the desired net credit creation raises the savings necessary for 
equilibriumm (s**). Given st and uif this raises the interest rate it+i,  and 
fluctuationss in the credit market rise. 
Simulationss show the is cycle to rise upwards (in the s-i space as depicted in 
figuree 5.9B) when e declines. Because credit becomes more expensive firms 
reactt by contracting utilisation, causing the wage share to decline: 
fluctuationss in the labour market also become more severe. 
Ass the costs of production show larger fluctuations, so will utilisation. This 
iss reflected in larger fluctuations in employment, around the same 
equilibriumm level (w**). Fluctuations in inflation rise too. Both the rate of 
savingss and the rate of utilisation fluctuate more, periods of excess demand 
andd excess supply are more frequent when e declines. A rise in x has similar 
effectss as the decline in e. 

AA parameter that affects none of market equilibria is the bargaining power of 
labour:: <ft. Changing <j>  influences the dynamics of the labour market. A rise 
inn the demand for labour because of a rise in u\, will increase the wage share 
moree than before, when the bargaining power of the trade-unions or the 
individuall workers has risen. 
Thee larger reaction of the wage share influences the amount of credit 
demandedd by the firms. The changes in the interest rate become more 
severee and so will those in the rate of saving. 
Thee larger the reaction of labour on utilisation, the smaller the variance in 
employment.. The reaction of inflation shows an ambiguity: first the 
variancee and the average level decline as <j>  rises, but later both statistics rise 
again.. When the cycles in both sectors are asynchronous, the fluctuations in 
thee savings rate and the rate of utilisation cancel each other out: demand 
(negativelyy correlated with savings) and supply (positively correlated with 
utilisation)) rise and fall together. If <j>  passes a certain level the bargaining 
processs between labour and firms dominates the dynamics of the aggregate 
economy.. The sectors fluctuate in a more synchronised way, so demand and 
supplyy move away from each other and inflation is larger. 
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AA more direct intervention is the setting of the minimum interest rate by 
thee monetary authorities. For 0<imin<i**,  the fluctuations become smaller as 
iimmii nn is increased. It is even possible, when imin=i**,  to force the money 
markett towards its equilibrium position. The lower fluctuations in the 
moneyy market cause the labour market to behave as if there is no coupling. 
Inflationn and employment are minimal and are determined only by the 
labourr market dynamics. 

Anotherr (partial) policy is to redistribute income between labour and profit 
income,, using a tax rate, r. Workers receive u>t from the firms, and have an 
after-taxx income of (l-r)wt. The rate of utilisation is determined by the costs 
off production, minus the subsidy: the firms pay the wage fund, Wt, and the 
interest,, Wfit, and receive nvt, so production costs become: (l+it-T)wt- The 
ratee of utilisation can be written as: 

uut+1t+1 = utX(l-(l + it-T)wt) 

Thee actual profit rate rises because of the subsidy. For as long as nt+xw&i?, 
firmss enter and demand for labour increases; the subsidy is used to enlarge 
employmentt until 7z>+ra>f<7r*. As the rate of utilisation on average equals 
one,, average employment is equal to this new equilibrium wage share. The 
neww equilibrium value of the wage share lies above the old wage share: 

*** _ A —1 _ W0id ** 

Thee workers in this model exhibit 'tax-illusion'. The after-tax wage share is 

equall to the old wage share, waftertax = w*new{^~x) = w*oid- P e r worker income 

hass declined: employment can only be raised by lowering the wage costs. 

ShiftingShifting markets 
Thee two-sided coupling between the money market and the labour market 
iss caused by the interaction between the rate of utilisation and the interest 
rate.. The equilibrium value of rate of utilisation is taken to be independent 
off the parameters of the model. The equilibrium value of the interest rate 
determiness not only the equilibrium in the monetary sector, but also the 
equilibriumm in the labour market, through its effect on the equilibrium 
wagee share. 

Thee equilibrium level of the rate of interest (a/j8) can rise by direct 
interventionn of the government, influencing savings behaviour. To do so, 
thee government has to raise the 'deterioration' of savings (oc) or has to 
reducee the sensitivity of the savings rate to the interest rate (($). Again, an 
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externall impulse, for example a decline in the confidence of the public in 
thee banking sector, can have the similar effects. 

Inn the following, a rise in the equilibrium level of the interest rate is 
modelledd as a rise in a. However, a decline in &  has the same effects. 

Thee outcomes of several simulations are given in table 5.1. As a rises, so 
doess the equilibrium interest rate. To realise the desired level of profit (1 /A = 
0.27),, the equilibrium wage share has to decline, so w**{\+i**)  remains 
equall {0.73 = 1-0.27). The average level of employment equals the 
equilibriumm wage share (u**  = 1) and is declining when a rises. The average 
inflationn is rising with a. The variance of both inflation and employment 
increasess as a rises. 

a a 
</ï=4) ) 

0.04 4 
0.05 5 
0.10 0 
0.20 0 
0.30 0 

Variancee of 
inflation n 

0.1 1 
1.9 9 
1.9 9 
1.9 9 

103.5 5 

Average e 
inflation n 

Ó.Ó1 1 
0.03 3 
0.01 1 
0.01 1 
0.42 2 

Variance e of f 
emp loymen t t 

Ó.ÓÓ4Ö Ö 
0.0010 0 
0.0003 3 
O.0010 0 
0.0200 0 

Average e 
employment t 

0.72 2 
0.72 2 
0.71 1 
0.69 9 
0.68 8 

,•#* * 

0.01 1 
0.0125 5 
0.025 5 
0.05 5 
0.75 5 

Tablee 5.1: Simulations using different values for a. 

Ass the desired rate of interest rises, firms reduce the wage share. The 
strugglee over income reduces employment and increases inflation. 

SimultaneousSimultaneous policies 
Too stimulate capital utilisation, the government can subsidise firms, to 
reducee the desired rate of profit (n*). Such a policy can be financed by 
creatingg money (m). The creation of money also reduces the equilibrium 
ratee of savings. Assuming the profit income to remain within the firm, the 
liquidityy of the firms increases. With each level of utilisation and the 
accompanyingg labour demand, less credit is needed (modelled as a rise in e). 
Thiss gives: 

__ e 
'new'new ~ 

1 1 

"" _ ''new 

X X 
"•new"•new ~ * L c " — 1 - ^new 

7T*-m\7T*-m\ssnew-new-L L 

== l + m X 'new 'new }} - 1 
inin — nnew x 

Wi+»'** ) ) 

Bothh the equilibrium positions of s and w shift. Assuming m>0, the savings 
ratee necessary for equilibrium in the money market decreases: fewer savings 
aree required for the interest rate to remain unchanged. As the desired rate of 
profitt declines, A increases (cU/dm>0). This increases the equilibrium rate of 
thee wage share. 
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Intuitively,, this can be interpreted as follows. The decline in the savings rate 
causess the demand for present goods to rise. To supply more goods, given a 
'normal'' utilisation of the existing capital stock, labour input rises. A higher 
demandd for labour causes the wage share to rise. This raise in the 
equilibriumm wage share is only sustainable when the desired profit rate 
decliness as result of the government intervention, which is realised by 
subsidisingg the profit share. 

Thee results of several simulations are presented in table 5.2. In these 
simulations,, m rises so n* declines, $**  declines (as the additional money 
supplyy rises) and w**  rises. The variance in inflation and employment 
declinee as m rises {it*  declines) whereas the average inflation declines too. 

m m 

0.12 2 
0.07 7 
0.02 2 

0 0 
-0.03 3 
-0.23 3 

»* * 

0.15 5 
0.20 0 
0.25 5 
0.27 7 
0.30 0 
0.50 0 

8** 8** 

0.25 5 
0.29 9 
0.32 2 
0.33 3 
0.35 5 
0.48 8 

Average e 
employment t 

<=w") ) 
0.8095 5 
0.7619 9 
0.7143 3 
0.6952 2 
0.6667 7 
0.4762 2 

Variancee in 
employment t 

0.0001 1 
0.002 2 
0.006 6 
0.003 3 
0.003 3 
0.004 4 

Average e 
inflation n 

0.0002 2 
0.007 7 
0.01 1 
0.02 2 
0.02 2 
0.06 6 

Variancee of 
inflation n 

0.03 3 
1.30 0 
2.85 5 
3.98 8 
4.25 5 
12.2 2 

Tablee 5.2: Outcome of the simulations, using different i 's (with s0 = OSs'  ̂ and the initial 

valuee of the other variables at their equilibrium value). 

Ass m rises, from below zero (a negative rate of subsidy on profit income 
equalss a tax on profit income), the required profit rate declines and the 
amountt of base money rises (assuming the government to raise the money 
supplyy proportionally). The lower desired rate of profit raises utilisation and 
soo production and employment. 

Thiss rise in the money supply raises the liquidity of the firms. Given the 
desiredd net credit creation, the rate of savings in equilibrium declines. The 
fluctuationss in the credit market become less volatile, because the banks 
havee to generate less savings to realise their desired net credit creation. 
Becausee of the lower equilibrium level of the profit share, the equilibrium 
wagee share can rise. Both the higher wage share and the lower savings rate 
stimulatee consumption. However, simulations show the fluctuations and 
thee average level of inflation to decrease, indicating that the gap between 
supplyy and demand of goods is smaller than before. The average level of 
employmentt increases, whereas the variance declines. 

4.66 The inflation-employment relationship 

Abovee the effect government policies on inflation and employment is 
analysed,, which involved changes in the behaviour of firms, households 
andd banks. It was concluded that it was possible for the government to 
stimulatee employment and reduce inflation, given the possibility to change 
thee behavioural parameters. This sub-section concentrates on the 
empiricallyy established positive relationship between employment and 
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inflation,, the so-called Phillipscurve, which took a central place in the 
discussionn on the effectiveness of government intervention. The standard 
Phillipscurve,, as described in the macro-economic literature (see for 
examplee Romer(1996, 225-232)), is defined as: 

dp=f(l)dp=f(l)  + E(dp) 

With: : 
dpdp = inflation 
// = employment; ƒ >0 
E(dp)E(dp) = expected inflation; £'>0 

Thee long-term stability of this relationship, the Phillipscurve, is still subject 
too discussion. The existence of a trade off between (un) employment and 
inflationn is both an empirical and theoretical discussion. In this section, a 
negativee and a positive relationship between inflation and employment are 
shownn to exist, abstracting from the role of expectations (Edp=Q). 

Remember,, the price level is given by (5.4.4): 

PtPt = l-sM+si 

Takingg inflation: dpt = 100 x Pt-Pt-iPt-Pt-i _ 

Pt-i Pt-i 

l-sl-st+1t+1+s+st t 

HH J 

l - s , + s M M 
«t-2 2 

VVuut-\ t-\ 

- 11 and using the 

definitionn of employment (5.4.5): lt = wtut gives the following relationship 
betweenn inflation and employment: 

dpdptt = Vt- + Wt 
llt t 

(5.4.6) ) 

With: : 

v t = -- St"t-1«>, , 

l - s f + s M M 
*f-2 2 

« t -1 . . 

WWtt = l - s * + i i 

l - s » + s M | | 

- 1 1 
UUtt__2 2 

« t -1 . . 

Iff is abstracted from the influence of changes in the wage share, a positive 
shockk in the rate of utilisation lowers the price level because production 
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risess more than demand (part of the additional income is saved). The 
positivee shock raises employment. Equation (5.4.6) gives an inverse 
relationshipp between employment and inflation: high inflation is 
accompaniedd by low employment (high unemployment). The model 
predictss a theoretical relationship between inflation and (un)employment 
thatt conflicts with the standard Phillipscurve 

Ass can be seen from (5.4.6), this relationship is not stable. The parameters V 
andd W shift in time because the change in utilisation brings about changes 
inn the rate of interest and the wage share. The rise in the interest rate 
increasess the savings rate, whereas changes in the wage share have a direct 
influencee on the parameters. 

Thee influence of shifts in the parameters can be seen in figure 5.12. The 
curvee {dps, Is) shows the outcome of a simulation, taking the parameters as 
before.. The observed inflation-employment relationship is upward sloping 
butt with enough variance to make an estimation of a linear relationship 
veryy untrustworthy20. Once the system is out of equilibrium, there seems to 
bee a positive relationship between actual employment and actual inflation: 
thee estimated correlation coefficient between dp and / is 0.35. Simulations 
showw the same relationship as the standard Phillipscurve. 

Whenn equation (5.4.6) is estimated, with VT=Vaverage and W=Wave rage , 
wheree the averages are calculated from the simulation, it results in the 
downwardd sloped curve (dpt, It)21. The theoretical negative relationship is 
confirmedd by the average actual outcome of the simulation, where a direct 
regressionn on the realised inflation-employment relationship shows a 
positivee correlation. 

Thiss contradiction is caused by the shifts of the negatively sloped curve as 
thee parameters change: each realised value of dps and Is is a point on the 
negativelyy sloped dp-l curve. This conclusion resembles the natural rate 
hypothesiss of the shifting short-term Phillipscurve. However, the realised 
inflationn and employment do not converge towards a natural rate, but 
movee in a circular way. 

Thee actual positive relationship depends heavily on the local periodicity. 
Whenn the uncoupled cycles are synchronised (0=0.037), the estimated 
correlationn coefficient becomes -0.74: the correlation between inflation and 
employmentt is determined by the way the both sectors interact, more 
specificc the extent to which the periodicities harmonise. In this case, actual 

^Comparingg figure 12 with figure 5.17 in Romer(1996,227), the same circular movement for 
1961-19944 (USA) can be seen. Also see Thio(1992). 
^Equationn (4.6) becomes, in the standard simulation on average: 

*Pt*Pt  = V»g f + Wavg = 0J2Aj - 0.33, giving &*• = -0 .241 < 0. 
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outcomee displays a negative relationship, as predicted by the theoretical 
analysess of the model. 

Figuree 5.12: The employment-inflation relationship ((dpt, lt)=  theoretical relationship 
betweenn inflation and employment with V =V r

ave rage , W=Waverage; (dps, ls)= outcome of 
simulation). . 

Thee next question to ask whether if it is possible for the government to 
exploitexploit the inflation-employment trade-off. The simulations show: 
-- a rise in the costs of central bank money (proportional change in e and %) 
reducess inflation, whereas employment is not affected; 
-- reducing the effect of the interest rate on the savings (proportional change 
inn a and j3) also reduces inflation, without an effect on employment (as i** 
remainss equal); 
-- a decline in the desired rate of profit (a larger A) increases both 
employmentt and inflation; 
-- a rise in the reaction of the wage share to market pressure (<p larger) also 
raisess employment and inflation. 

Fromm these simulations, it can be concluded that it is possible to raise 
averagee employment or to reduce the variation in employment but this 
causess inflation to rise. On the other side it is possible to reduce inflation by 
monetaryy interventions without affecting employment. Yet the rise in 
inflationn when enlarging employment is a side-effect not a causal 
relationship.. It is not possible for the government to exploit this 
relationship:: a higher level of inflation does not automatically imply a 
higherr level of employment. 

Conclusion: Conclusion: 
Thee model above suggests an explanation of stagflation: the occurrence of 
bothh inflation and unemployment in the 1970s. A negative shock to 
productionn (rate of utilisation) lowers employment directly. Demand is less 
sensitivee to the rate of utilisation than production as it is partly determined 
byy former period savings, which is unaffected by the downward supply 
shock.. The excess demand causes prices to rise with declining employment. 
Inn the following periods, production rises as the wages and the interest rate 
reactt to disequilibrium. Consumption rises, but less because of the decline in 
savingss in the former period: inflation declines, whereas employment rises. 
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Forr the data in the seventies to show the negative relationship between 
inflationn and employment, the monetary and real sector have to move with 
thee same periodicity. 

Thee dp-l relationship as sketched above is not observed in the simulation 
becausee the relationship shifts as the wages and the interest rate react to the 
changess in the rate of utilisation. The fluctuations suggest a positive 
relationship,, but there is no causal relationship as given by the 
Phillipscurve,Phillipscurve, nor the reoccurrence of stability as unemployment moves 
towardss a 'natural level'. There is a common causation causing inflation to 
reactt to disequilibrium in the goods market and employment to change with 
production. . 

55 Summary and conclusion 

Centrall to this model on a market level is the movement of prices and 
quantitiess in response to excess supply and demand. Specific for the 
economyy modelled above is the coupling of markets: because prices of the 
factorss of production are determined in different markets, movements in 
onee market influences the dynamics in the other market. 

Inn the first sections, partial analysis shows the separate sectors of the 
economyy to exhibit endogenous fluctuations. Banks determine the interest 
rate,, based on the savings in the former period. The model stresses one of 
thee functions of the banks: banks are firms, which have to generate income. 
Ass banks try to further their income by increasing the interest rate on 
outstandingg credits, this action induces a reaction of savers, which 
counterbalancess the rise of income of the banks. An increase in the interest 
ratee brings about a rise in savings, annulling the extra income and bringing 
downn the interest rate because of the excess supply of funds. 
Producerss determine utilisation, depending on,the realised profit rate. A 
higherr rate of utilisation raises demand for labour. The accompanying rise 
inn labour costs depresses the profit rate, which lowers the rate of utilisation. 
Thiss struggle over income results in an utilisation rate-labour costs cycle. 
Thee fact that sluggish adjustment is a source of economic dynamics is 
consistentt with other research. 

Whenn firms take into account the real costs of financing the wage fund, 
theirr response to changes in the wage share will be more severe when both 
costss of production influence the profit share in the same direction as to the 
casee in which either they don't take the costs of financing in account or 
whenn the costs of production move in opposite directions. 

Thee monetary sector is influenced by the labour market because savings and 
thee demand for credit depend on real production (real income). The 
fluctuationss in both sectors rise in amplitude, but the periodicity remains 
thee same as in the uncoupled case. The rise in amplitude made the model 
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unstablee in the long run. An exogenous floor in the rate of interest is 
importantt to guarantee stability (the minimum interest rate). Because of the 
minimumm interest rate, the complexity of the time paths decline in the long 
run,, compared to the complex dynamics in the short run. 

Thee first question asked was: How do partial fluctuations influence the 
behaviourbehaviour of the aggregate economy? 
Firstly,, disequilibrium in one of the two sectors causes both sectors and the 
aggregatee economy to show persistent fluctuations. 
Secondly,, the coupled case is characterised by the occurrence of a long wave. 
Thee amplitude of the fluctuations rises in periods of co-movement of the 
variables,, whereas it is moderated in the following periods of conflicting 
dynamicss in the two sectors. 
Thirdly,, the appearance of the theoretical correlations in the data depends 
onn the periodicity of the fluctuations in both markets. The actual aggregate 
fluctuationss can deviate strongly from the expected fluctuations, based on 
theoreticall research and analyses of the markets. 

Thee next question asked was whether the government has the ability to 
lowerlower inflation or raise employment by intervention in the markets? 
AA one-time intervention will not change the long-term behaviour of the 
economy.. In general, it is only possible to change the long-run dynamics of 
thee economy with a policy that reduces the distance between the actual 
variablee and its equilibrium level. Given the model, in which the variables 
aree determined by the behaviour of economic subjects, this can only be 
reachedd by influencing this behaviour. 

Threee possible policies are analysed: 
a.. partial politics; 
b.. shifting markets; 
c.. simultaneous policies. 
Thee government has opportunities to increase employment, by raising the 
wagee share and lowering the labour costs. Such a policy (generally) raises the 
variancee of inflation. Other interventions reduce inflation, with mixed 
effectss on employment. 

Thee theoretical inflation-employment trade-off in this model showed a 
reversee correlation between inflation and employment, when compared to 
correlationn of inflation and employment of the empirically derived 
Phillipscurve.. Data from simulations, however, exhibit the same positive 
correlationn between inflation and employment as the empirically derived 
Phillipscurve.. The sign of the correlation between inflation and 
employmentt in the data from the simulation depends on the periodicity of 
thee cycles in the credit and labour market. It is not possible for the 
governmentt to take advantage of this correlation as it is not a casual 
relationship,, but a co-movement, driven by changes in production and 
demand. . 
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Onn the whole, fluctuations are caused by the struggles over the distribution 
off income: 
1.. the struggle over income between workers and employers; 
2.. the struggle over income between savers, banks and firms in the money 
market; ; 
Nonee of the parties involved desires the economy to fluctuate. Their 
conflictt over the distribution of income causes fluctuations to appear. 
Markett power shifts as targets are realised, conflicting interests drive the 
dynamics. . 

Sincee the two markets are modelled in a way which guarantees the 
emergingg of cycles, it is not surprising that the aggregate economy exhibits 
fluctuations.. The aggregate fluctuations differ from those in the markets and 
cann differ (depending on the parameters) from the analytically derived 
correlations,, based on the theoretical model. 

Inn the next chapter the distribution of income is maintained as the driving 
force.. Banks, firms and workers still struggle over their share of income. By 
modellingg their behaviour in a linear way, the markets converge towards an 
equilibriumm position. The only cause of dynamical behaviour of the 
aggregatee economy is the coupling. Central question in the next chapter is: 
InIn which case do fluctuations arise? Which behaviour is essential for the 
occurrenceoccurrence of cycles and chaos when the individual markets are stable? 
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Appendices s 

A.. The dynamics in the uncoupled and coupled systems. 

Inn this appendix a general system identical to the market models used in 
thiss chapter is analysed. By solving the general model, it is simple to resolve 
thee dynamics of the specific market models. The following system is 
defined: : 

¥¥t+t+ ii  - yt 

AA + By, 

== X + A*t+1 

(5.A1.1) ) 

(5.A1.2) ) 

Whichh can be written as: 

/ ( i „ y , )) = x,(l + A + By,) 

*fo,yf)) = y,(l + X + A*t[l+A + Byt]) 

Thee following derivatives are calculated from (5.A1.3): 

/ X = ( ll + A) + Byr 

/ y =Bx, , 

g ,=A( ll + A)yt+BAyt
2 

ggyy = 1 + X + A(l + A)xt + 2ABx,yf 

(5.A1.3) ) 

(5.A1.4) ) 

Thiss system of equations in (5.A1.4) can be summarised in the following 
Jacobiann matrix31 : 

ƒƒ = 
'fx'fx  fy 
oxox 6y 

(11 + A) + By, Bxt 

A(ll + A)yt + ABy,2 1 + X + A(l + A)xt + 2ABxtyt 

(5.A1.5) ) 

Evaluatingg the Jacobian at the equilibrium point (0,0) gives the following 
tracee (trft) and determinant (DJ®): 

a ll See Chiang(1984), part V; Hommes(1993), part 2. 
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 = 
11 + A 0 

00 1 + X 

tr}tr}  = 2 + A + X 

DJDJ ° = 1 + A + AX + X 

Thee characteristic roots are given by: 

(5.A1.6) ) 

A°° = l + x 
(5.A1.7) ) 

Forr the second equilibrium (**, y*) the characteristic roots are again 
calculated// using the Jacobian (/*). Firstly, the equilibrium values have to be 
determined: : 

^^ L = A + Byt = 0 -> y* = 

_X/ / 
(5.A1.8) ) 

VMVM y' - X + (1 + ;i)A*f + ABxtyt =0^>x* = 
yytt 1 + A + By *  A 

Substitutingg the equilibria of (5.A1.8) in the Jacobian of the system gives: 

ƒ ** = 

BX BX 
1 1 

A A 
AA AA 

ll  + XA 
LL B tr]*tr]*  = 2 + XA 

DJ*DJ* = l 

Solvingg for the characteristic roots gives: 

(5.A1.9) ) 

A,22 =l  +
2 2 K 1+7 7 XA A (5.A1.10) ) 

Thee determinant of the Jacobian, evaluated in the equilibrium of the 
system,, {%*, y*) is equal to 1. This means that the system is so-called 
'neutrallyy stable'. Because of this, the stability of the system cannot be 
determined.. Simulations have to be used to show the existence of the cycles. 
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TheThe uncoupled dynamics of the model. 

Thee credit market was described by the following equations: 

ii ii[[
11--ee + x(d-sM)] 

s,[l l *,] ] 
(5.A1.11) ) 

Usingg this system with x=s, y=i gives for the characteristic roots (A=-a; 
X=(#5-e)): : 

A"" = 1 - a < 1 

A°° = 1 + x& - e > 0 

xx\.2\.2 = 1 - -<x(xd  y\-a{xd - e) 

(00 < a < l) 

(e<l;xd>0) (e<l;xd>0) (5.A1.12) ) 

a(xd-e) a(xd-e) 

Inn the simulations in this chapter, the following values for the parameters 
weree used: a =0.2 and %c\-e = 0.2. Using this to calculate the characteristic 
roots,, as defined in (5.A1.12), gives: 

A"JJ = 0.8; A°2 = 1.5 

Aii 2 = 0.95  tO.32 

Simulationss reveal existence of cycles, as shown in figure 5.A-1, for a = 0.2, ƒ} 
== 4, x = 1-5 and e = 1 and for a = 0.5, 0=10, p=3 and e = 1, using DMC, with the 
initiall values of s and i in the neighbourhood of their equilibrium values. 

Figuree 5.A-1: A: a = 0.2,0 = 4 , ^ = 1.5 and £= 1; B: a = 0.5, /3=10, ̂ 3 and e = 1 
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Thee system of the labour market was described by: 

uut+1t+1=u=u ttX[l-(lX[l-(l  + it)wt] 

™f+ii = w [ [ l - 0 + 0",+1] 
(5.A1.13) ) 

^^ = 1 + (A -1) < 1 (1<A) ) 

x \\ = i - <t>  < i (o < <t>  < i ) 

Â ,22 = 1 - i(A -1)  J-(A -1)0 LL (A-l)*~ 
44 . 

Againn the characteristic roots in (5A1.7) and (5A1.10) can be solved, now 
takingg u=x, w=y, A=(A-1), B=-X{l+i),  X=-<p=-A  and i=i*. 

(5.A1.14) ) 

Inn the simulation in this chapter the following parameters are used: A=4 and 
0=0.2.. Using these values gives the following values for the characteristic 
rootss (using (5.A1.13)) for the labour market: 

X\X\ = 4; A°2 = 0.8 

\ 22 = 0.7  10.714 

Ass in the case of the money market, simulations show the occurrence of 
stablee cycles. Figure 5.A-2 gives two possible cycles for A = 1/0.27 in both 
simulations,, (j>  =0.2 and 0 = 0.8 and with initial values of u and w in the 
neighbourhoodd of their equilibrium level. 

Figuree 5.A-2: A: 0 =0.2, X = 1/0.27; B: 0 = 0.8, X = 1/0.27 
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TheThe coupled model 

Thee model was given by: 

"J+ii ="^( 1 - [ 1 + i ' (M) 

Thee Jacobian of (5.A1.15), evaluated in the equilibrium, is: 

(5.A1.15) ) 

j * **  = 

l-X-a(x-e)l-X-a(x-e) + Z 

l - l - K A - 2 ) ) 

11 + 

1 -1 -5 --

-4>A -4>A 

A A 

A - l l 

Hi)l l 

2 2 

A~_i i 

M M - ** -
UJ J 

/« Ï Ï - ^^  -
U; ; 

rr  M I i ++ -
LL vp)i 

11 - ^(A - 1 ) ^ 

- A l ll + i -

A - l l 

AA 1 + 
/*; j j 

Manipulationn of the determinant of the Jacobian, shows again D(/**) = 1, so 
again,, the model is 'neutrally stable'. In this case, however, simulations 
showw that the dynamics of the coupled system become unbounded, so an 
additionall non-linearity (the minimal interest rate) was introduced. Because 
off this, the dynamics can not be determined using the Jacobian. 
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B.. Control 

Althoughh this system is not chaotic, the methods of control can be divided 
inn the categories as described in chapter three (also see Langen(2000a)): 

1-- by using discrete actions, in this case changing the level of variables. 
Thee effect of a change in the level of a variable depends on the magnitude of 
thee change, as can be seen in figure 5.A2. Suppose the variables x and y to 
movee along the orbit AB. A decline in y from its initial point \/A towards A' 
causess x and y to move along A'A". The same effect will be reached by 
increasingg y towards A". Only when y is raised within AB a smaller orbit 
willl result. 

X X 

XXAA -
x*x*  • 

yyAA v y 
Figuree 5.A2: A change in the level of x. 

2-2- by adjusting the structure of the system to remove the crucially non-
linearity.. The removal of the non-linearities will stabilise the system, but 
alsoo removes our interest in this economy. 

3-- by changing parameters, which changes the equilibrium, whereas the 
essentiall non-linearity remain in tact. 

Thiss does change the equilibrium value of the variables of the system. In 
figuree 5.A3 the equilibrium value of x is lowered from X*Q towards x*2- The 
initiall point (xt, yt), at which time the variable is, determines the new cycle. 
Inn figure 5.A3, it is assumed changes (lowering 

XQXQ towards xlt then towards x2) take place when xt<x* and y=yi-
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**0 **0 

XX'l 'l 

vvxx y* y 

Figuree 5.A3: A change in the equilibrium value of x*. 
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CHAPTERR 6 

CHAOTI CC FLUCTUATIONS : BETWEEN MONE Y AND LABOUR 1 

"There"There is widespread agreement that it is necessary to introduce into 
economicseconomics both dynamical relations and general interdependence." 
(Goodwin(1947)/181) ) 

11 Introductio n 

Inn the previous chapter, the consequences of a coupling between the labour 
andd the credit (money) market were analysed. It was shown that the 
couplingg made the fluctuations of the aggregate economy deviate from the 
fluctuationss in the separate markets. 
However,, given the appearance of fluctuations in the partial sectors, it is no 
surprisee to encounter aggregate fluctuations. 

Inn this chapter, the economy modelled consists of households, firms and 
bankss (paragraph two). As in chapter five, the interaction between the real 
andd the monetary sector (the coupling) is analysed. Contrary to the 
mechanismss in the former chapter, the behavioural relationships in this 
chapterr are assumed to be linear. Furthermore, capital accumulation is 
determinedd endogenously. The dynamics or the aggregate economy can be 
describedd by the dynamics of capital accumulation, reducing the 
mathematicss of the model compared to the mathematics in chapter five. 

Whenn the goods market interacts with only the credit market (paragraph 
three)) or with only the labour market (paragraph four), the dynamics of 
capitall accumulation can be represented by a logistic equation. Chaotic 
fluctuationss in the partial markets are possible, but the conditions for chaos 
aree unlikely to be met in reality. The partial markets will move towards a 
non-fluctuatingg steady state equilibrium. It will be shown that for different 
conditions,, chaotic fluctuations appear in the aggregate economy, even in 
thee absence of fluctuations in the sectors. In this case, however, the 
dynamicss of capital accumulation are represented by a fourth-degree 
polynomial.. Some analytical results can be obtained, but results rely on 
simulationss and bifurcation diagrams. 

Thee same kind of questions are asked again: 
1.. When the partial markets interact, can this cause persistent fluctuations 
inin the aggregate? 

1Ann earlier version appeared as Langen(1993) and was presented at the "International 
Symposiumm on Economic Modelling" 1993, Athens, Greece. 
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2.. Is it possible to derive the behaviour of the aggregate economy, looking at 
thethe partial markets? 
3.. If the economy shows fluctuations, is it possible to stabilise the economy 
byby government interventions? 

Production,, again, depends on the capital stock. However, firms invest in 
reall capital, so changes in production are the result of changes in the capital 
stock,, not because of changes in the rate of utilisation of a constant capital 
stock. . 
Thee capital stock determines the demand for labour. In the labour market, 
thee demand for labour is equal to the supply of labour by immediate 
adjustmentss of the wage share, in contrast to the modified Goodwin(1967)-
cyclee in the former chapter. Wage-income is assumed to be consumed, total 
incomee is either consumed or invested. In this model, all variables are real 
(pricess and inflation are introduced in paragraph six). 
Thee banks are supplied with an exogenous amount of money. The interest 
ratee is determined by the difference between the demand for credits 
(financingg the wage funds and the costs of other inputs) and the amount of 
basee money. 

Thee costs of production (wage and interest costs) influence the profit share, 
whichh determines capital accumulation. The dynamics of the total economy 
dependd on the combined dynamics of both markets. The aggregate dynamics 
cann be reduced to an equation of capital accumulation, which depends on 
thee behavioural parameters of the labour and credit market (paragraph 5). 
Thee occurrence of persistent fluctuations in the aggregate economy depends 
onn market behaviour, but also on the ratio between the different levels of 
thee capital stock, necessary for market clearing. 

Twoo situations can be distinguished. Firstly, the situation in which the 
equilibriaa of the labour and credit market coincide. In this case, the capital 
stockk necessary for equilibrium in the aggregate economy is equal to the 
levell of capital necessary for market equilibrium in the partial markets. This 
situationn is analysed in paragraph 5.3. 
Secondly,, it is also possible that the level of capital that is necessary for 
markett equilibrium in the labour market is different from the level that is 
necessaryy for equilibrium in the credit market. In this case, the capital stock 
forr which the aggregate economy is in equilibrium deviates from the level 
off both stocks, necessary for market equilibrium in the partial markets. This 
iss the case in paragraph 5.4. 

Inn general, given assumptions on the parameters and initial values, the 
aggregatee economy can exhibit persistent (chaotic) fluctuations, which differ 
fromm the dynamical adjustments, that are expected from partial analyses of 
thee credit and labour market. 
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Inflationn and government interventions are discussed in paragraph six. To 
analysee inflation, additional assumptions are required, whereas the 
governmentt adds another sector to the aggregate economy. 

Thee method used in this chapter is to derive the conditions for (chaotic) 
fluctuations.fluctuations. Then these conditions are changed in such a way that chaos 
disappears,, analysing the influence of changes in other variables and 
parameters.. When the total economy is presented in section five, both 
mathematicall methods as simulations (using MS-Excel) and bifurcation 
diagramss (using DMC) are used to analyse the dynamics. This method can be 
criticisedd for the subjective choice of start values and parameters, but can be 
justifiedd by the complexity of the model which makes it impossible to 
achievee overall analytical results. The method used for solving some key-
variabless is described in the appendix. 

22 The model 

2.11 The production sector 

Thee economy consists of small firms. Producers own the capital stock. 
Productionn takes place using factors of production, as raw materials, 
intermediaryy products, labour and capital goods. The level of production is 
determinedd by the stock of capital. The ratio of production to the capital 
stockk is assumed to be constant: 

qqtt=Pk=Pktt (6.2.1) 

qtqt = production 
kktt = working capital 
fifi  = capital productivity 

Thee producers hire labour to operate the capital goods and to process the 
otherr inputs. The supply of labour is -by assumption- not a constraint on 
production.. The demand for labour is determined by the capital stock: 

ll tt = akt (6.2.2) 

ItIt  = demand for labour 
aa = labour intensity of capital 

Again,, the wage fund2 is assumed to be paid for in advance. The firms 
borroww money from the banking sector, to finance the production factors 

2Whenn spoken of the wage-fund or the wages, these are defined as wl, the wage rate is 
wlwl wa'k 

representedd by w, the labour share of income: wa = — = ; taking a=a'/0 Q8 is assumed 
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otherr than capital. In total, this is assumed to be proportional to the wage 
fund.. The demand for credit is: 

Cff = demand for credit 
u>tu>t - wage rate 
XX = ratio of credits to wage fund 

Thee banks provide the amount of credit demanded. They charge an interest 
overr the principal. As in chapter five, profits3 are determined as a residue. 
So,, profits can be calculated by subtracting the costs of labour and credit from 
production: : 

PtPt = ^t-hlvt-itct (6-2-4) 

ptpt - profits 
iff = interest rate 

Substitutingg (6.2.1), (6.2.2) and (6.2.3) into (6.2.4) gives profits in terms of the 
capitall stock, as a declining function of the costs of production (waf i) and an 
increasingg function of the output-capital ratio: 

 = P-wat[l+xi t]  (6-2.5) 
K K 

Thee producers are assumed to have a desired share of profits in income, an 
institutionall and historical determined level that is seen as the fair 
reimbursementt for entrepreneurial capital: 

pptt**  = nqt (6.2.6) 

nn = desired share of profit in income 

Byy assumption, both the wage income and the interest payments are used 
forr consumption, non is saved in contrast to the assumption in chapter five. 
Whenn the profits (pt) are ü"1 excess of the desired profits (pt*), the producers 
decidee to enlarge the production in the next period, using more capital. This 

constantt in this model). In the following the labour share is taken as the relevant variable 
(wat),(wat), so, wtat is written as wat and their equilibrium level w*a*  as wa*. Also see paragraph 
2.3.2. . 
^Sincee the income is taken net of the interest payments, "net profits" or "net returns" is more 
appropriate,, but the terms "profits" or profit share for short, are used to indicate the income 
whichh accrues to the producers. In deviation with the former chapters, p represents profits, 
nott the price level. In turn, n gives the desired profit share in income. 
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additionn to the capital stock is financed internally, using the excess profits 
o{pt-pt*),o{pt-pt*), with o<l. The remainder of the profits is consumed. When 
pt-p*<0,pt-p*<0, the entrepreneurs 'consume' part of the existing capital stock. This 
givess the following dynamic equation: 

kkt+1t+1 = kt + cr(pt-pt*)  (6.2.7) 

aa = propensity to invest out of excess profits 

Givenn the wages and the interest rate, the dynamics of the production sector 
are: : 

^ •• = l + crmi-7i)-wat[l + Xit]) (6.2.8) 
kkt t 

Risingg costs of production, as the interest rate (i) and the wage share (zva), 
lowerr capital accumulation. The same applies for a rise in the desired profit 
sharee (n). A rise in the productivity of capital (#) stimulates accumulation. 
Iff a(f}(l-7i)-wat[l + xit\) is negative the capital stock declines steadily to 
zero.. Producers realise a smaller return on their investment than desired, so 
theyy invest less, reducing production. There is a natural lower limit, because 
aa negative production is not possible. The capital stock rises continuously, 
whenn <j(p(l - 7i) - zvat[l + fit]) is positive: a constant excess return on 
investmentt induces continuous expansion, this is not a feasible solution. A 
risingg capital stock implies an ever rising demand for labour and credit, 
raisingg the interest rate and wage-share, thereby decreasing profits. 

Givenn the interest rate and the wage share, a non-changing equilibrium on 
thee goods market is defined as a non changing level of production, using the 
samee amount of capital in each period (kt = k*, (kt_i -kt/kt) = 0). Only when 
<j(fi(\-n)-wa<j(fi(\-n)-watt]X]X + #'f]) is zero, the capital stock does not change. 

Inn the next paragraphs, the behaviour of bankers on the credit market and 
thee behaviour of labour on the labour market are shown to respond to 
changess in the capital stock. After the analyses of the partial dynamic 
mechanismss (credit-output and labour-output), the dynamics of the 
aggregatee economy will be analysed. 

2.22 The credit market 

Thee banking sector is (exogenous) furnished with an amount of (base) 
moneyy (d')t at a constant interest rate. The banks can provide credit above or 
beloww the amount of money supplied. It is assumed they meet the amount 
off credit demanded by the firms. When the demand for credits rises above 
d',d', the interest rate rises above i* (the interest rate on d' plus the profit rate 
off the banks). When demand declines, so does the interest rate, depressing 

Thee Business Cycle 



6.. Chaotic Fluctuations: Between Money and Labour 144 4 

thee profit rate of the banks. When the demand for credit equals the supply of 
money,, the interest rate equals i*.  The supply of credit (cs) is determined by 
thee excess of the interest rate above the desired equilibrium rate i*: 

ccss = r](i t-i*)  + d' (6.2.9) 

Ass stated above, the firms demand credit to fund production costs. Demand 
forr funds (cd) is given by: 

ccdd = xaJdtK (6.2.10) 

Assumingg market clearing, in which the firms demand an amount of funds, 
suppliedd by the banks, whereas the banks determine the rate of interest on 
thesee funds. The interest rate equation which follows from the equilibrium 
conditionn (cd=cs), (6.2.9) and (6.2.10) is: 

ii tt = i*+Y(watkt-d) (6.2.11) 

itit  = the interest rate 
ii  *  = the interest rate when é-d 
YY = X/V= speed of adjustment4 

dd = d'/x = the adjusted money supply 

Whenn the wage fund (wak) rises, so does the demand for funds. Banks 
supplyy credit above the (exogenous) supply of base money (d) and increase 
thee interest rate. When the demand for funds is below d, the interest rate 
decliness below its equilibrium value (i*). 
Thee received interest payments, i&t,  are paid to the owners of the banks and 
usedd for consumption purposes. 

2.33 The labour  market. 

2.3.11 Introductio n 

Thee labour market is modelled in the same way as the credit market. Excess 
demandd and supply cause the wage share to change. The production sector is 
thee same, as characterised in paragraph 2.1, equation (6.2.1) to (6.2.8). 
Fluctuationss originating in the labour market can be described using the 
Goodwin(1967)-/profitt squeeze model'. Funke(1985) uses a variation of this 
modell to generate chaotic fluctuations. Following Funke(1985, 63), the 
dynamicss in the level of wage rate and employment can be described by a 
logisticc equation (also see Pohjola(1981)). An alternative approach was 
followedd by Goodwin(1990), who uses the techniques of the Rössler Band to 

4Sincee % is constant, the other constants can be written as: y = y ; d =  dY . 
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describee comparable chaotic behaviour in a model with three dimensions 
(seee chapter four). 

Below,, a model of the labour market is developed in which demand for 
labourr determines actual employment. The wage share is set so that the 
labourr supply equals demand. As in the case of the production-credit 
interaction,, the resulting profit squeeze influences the capital accumulation. 
Too concentrate on the labour market dynamics, the interest rate is assumed 
constant,, at i*. 

2.3.22 The wage-profit relationship 

Firmss demand labour, determined by planned production. The labour 
markett is assumed to be in equilibrium: ld = Is. The wage fund is determined 
byy the demand for labour. 

Givenn equilibrium in the product market (kf=kt+\=k*)  and in the credit 
markett (*f=i*) there is a wage share, at which both bankers and producers 
earnn the desired reward for their factor of production (credit and capital). 
Usingg (6.2.8) this wage share can be calculated and is defined as wa*\ 

™*™*  = £t4 (6-2.12) 
(ll + tf*) 

Firstly,, the demand for labour (ld) results from the capital stock (variables as 
definedd before): 

ifif  = atkt (6.2.13) 

Furthermore,, it is assumed that the demand for labour at k* equals n, so 
wa*wa* and n define an equilibrium at the combined goods and labour market. 

Too generate the required amount of labour, firms have to set a wage rate 
inducingg the supply of labour to adjust to the needs of production. Labour 
supplyy (Zs) is sensitive to the wage rate: 

l^dw-col^dw-co (6.2.14) 

With: : 
ww = wage rate 
6,6, (0 = constants 

Theree is a physical upper limit to the amount of labour that can be supplied 
{/).. In the following paragraphs, it is assumed that this constraint is not 
binding.. Yet, assume firms to keep the labour-capital ratio constant until 
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thiss constraint is binding. After that the effective labour supply rises 
throughh labour saving techniques. 

Thee rise in capital above k = - requires a to decline. When ak (= ld) rises, 

thee wage rate rises too, to generate the necessary supply of labour (/s). When 
thee physical constraint on labour is reached, the supply of labour equals /. 
Thee rise in labour productivity is passed on to the labourers in the wage rate. 

Usingg labour demand (ld) and labour supply (Is) in equation (6.2.13) and 
(6.2.14)) a wage share-equation can be derived5: 

wa wa ==  wa*+e(kt-n) (6.2.15) 

With: : 
nn = amount of labour for which wat = w&* 

Ass stated above, the labour share is taken as the relevant variable (wat). The 
divisionn of the labour share over the wage rate (w) and the labour intensity 
(a)(a) is analysed in section six. 

Thee equilibrium level of n is independent of concepts of full employment 
orr unemployment (see below). At (wa*, n), all sectors are in equilibrium. In 
thee goods market, k=k*, in the credit market, i=z*. Demand for labour (ld(k)) 
equalss supply (ls(w)), both n at wa*. Is labour demand above n, the wage 
sharee will be above wa*. So, either the interest rate has to be below i*  (the 
bankss receive less than desired), or the profit share is below p* (the firms 
earnn less than desired). The resulting dynamics will be analysed in 
paragraphh 5. 

2.44 The dynamics of the economy. 

Thee link between the present and the future capital stock is the capital 
accumulationn as described in equation (6.2.8). Disequilibrium in the labour-
andd credit market is transferred to the production sector through their effect 
onn the profits. The profits can be calculated from (6.2.5), in which the 
interestt rate equation (6.2.11) and the wage share-equation (6.2.15) are 
substituted,, symbols as defined before: 

wa-wa* wa-wa* 
++  an. Labour ^Takingg 6iv - CD = ak, this gives the labour supply function: Is = a 

LL £ 
supplyy has a positive relation with the wage rate, but it is defined compared with the labour 
sharee necessary for equilibrium at the product market and 0 = (a^/e), a> - a(wa */E) - an. 
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pptt=[p-(=[p-( WWa*-En)(la*-En)(l + x[i*-'id])\k t 

S[XY{™S[XY{™ * -en)2 + e(l + z[i * -&])]$  (6.2-16) 

-2ox[ye{wa-2ox[ye{wa * -en)]kf - (JXYe2kf 

Takingg (6.2.16) and (6.2.7) gives the dynamic adjustments for the economy, 
usingg the time path of the working capital: 

**+i= i 1+°WW ~n)~ (wa *  - ^ X 1 + * * -**$& 
-CT[YX(W<I-CT[YX(W<I * -en)2 + e(l + tfi * -yd])}k2 (6.2.17) 

-2<JZYe(wa-2<JZYe(wa * -en)kf - <JXYe2kf 

AA rise in the present stock of capital (kt) raises income for the firm (-£• = )9). 

Thiss rise in production is realised through hiring labour and borrowing 
money,, so costs have to be deducted (-(l+^'r)wflffcf). A rise in the present 

hiringg of labour raises the present wage share (—z~ = e) and the interest rate 

(—LL = Y ) . The rise in the interest rate has no direct effect on the wage share 

(( *- = 0), but the wage share influences the interest rate ( * = ykt). The 

diditt awat 

influencee of a rise in the present capital stock on accumulation ( ^ t+l——) 

cann either be positive or negative, depending on the pressure on the labour-
andd credit market. The increase in production is countered by a rise in costs. 
Thee profits can rise (when costs rise less than production) or decline (when 
costss rise more than production). The interdependency between profit share, 
wagee share and the interest rate is the cause of the complexity of equation 
(6.2.17). . 

Equationn (6.2.17) is of the fourth order, so it is not possible to derive 
straightforwardd analytic conclusions from this equation. The equation can 
bee reduced to a third order equation for some key-variables of k. The rules of 
Cardanoo can be used to give a solution for these values, such as the 
equilibriumm value k* (see the appendix and figure 6.4 in paragraph five). 

Beforee turning to the dynamics of the aggregate economy (paragraph five), 
thee dynamics of the interaction between the monetary sector and the 
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productionn sector (paragraph three) and the labour market-goods market 
relationshipp (paragraph four)6 are analysed. 

Too determine the range of P , investment can be seen as a proxy for the 
replacementss of capital and material used. In a growing economy, 
investmentt is larger than replacement, whereas the ratio is not constant in 
time.. Taking the output/investment relationship for Germany (1970-1990 
(dataa Sysifo)) and for the Netherlands (Central Economic Plan, several 
years),, and taking in account the over-estimation of the relationship 
betweenn capital and output, /9 can be approximated by the investment-
outputt ratio. The average output-investment ratio is about 5, implying a 
desiredd profit ratio of 0.68. This seems very high. Taking a more realistic 
desiredd profit-capital ratio of 0.25 gives a j3 of 2.13 which suggests a net 
growthh of the capital stock of 3%, which is on average equal to growth in 
thiss period. In the following simulations, P(l-7t) is taken to be 1.6. 

33 The production-credit economy 

3.11 The model 

Too trace the dynamics of this production-credit economy, the labour market 
iss assumed to be stationary, with wa constant at wa*. Substituting e=0 in 
(6.2.17)) shows that the capital stock remains constant when the demand for 
moneyy equals the supply of money (no credit is provided above the amount 
off base money)7. The interest rate adjusts to changes in the level of the 
capitall stock: every level of the capital stock results in a different demand for 
credit.. This interest rate can be used to calculate the profits, which in turn 
determiness capital accumulation, giving the next-of-period capital stock. 

Thee dynamics of the model are given by (6.2.17) and e = 0: 

kkt+lt+l  =[l  + (j[p(l-7i)-(wa*)(l  + X[i*-yd]j\y t -a[yx(wa*)2]kf (6.3.1) 

Equationn (6.3.1) can be written as: 

kkt+lt+l =&=& tt(l-[j]k(l-[j]k tt)) (6.3.2) 

Where: : 

6Inn the following a=\ is assumed. 
7Thee profits of the banks, pbcf, are assumed to be used to cover the expenses of the banks, 
whereass the remainder, i*-p\jCt,, is used by the monetary authorities to cover their expenses: 
alll interest payments are used for consumptive purposes. 
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c=(1+cr^iV^ ) ) 

&&  = ̂ H T-) 

Equationn (6.3.2) is also known as the logistic equation. The logistic is known 
too have the following properties for 0 < k <C,/w (see chapter 3): 

ii  there exist two equilibria: 

k[=0 k[=0 

(C-D__ d 
koko = 

ÜJÜJ wa 

HH C Dynamics: 
00 < £< 1 monotone motion toward 0 
11 < £<2 monotone motion toward fc* 
2<£<33 fluctuating motion toward fc* 

3<£<3.66 stable periodic fluctuations 
3.6<£<44 aperiodic fluctuations (6.3.3) 

Thee effects of changes in the parameters on £are summarised in table 6.1. A 
risee in the sensitivity of capital accumulation to deviations between actual 
andd desired profits (o) enlarges the possibility of oscillations in the economy. 
Thee proportion of the production factors pre-financed (x) raises the 
influencee of changes in the interest rate on the amount of working capital 
used,, so the possibility of fluctuations rises too. However, a rise in x lowers 
thee equilibrium wage share, wa*. This lowers the sensitivity of future capital 
too present capital, £. In the aggregate, a rise in % raises @. A higher sensitivity 
off the interest rate to market disequilibrium (y) leads to a higher possibility 
off fluctuations. The same goes for the supply of base money (d), which raises 
thee possibility of disequilibrium. A higher capital productivity ()8) raises the 
profitt rate, and so the deviation between actual and desired profits. A 
declinee in the desired profit rate (n) lowers this deviation and thereby lowers 
thee possibility of fluctuations. A lower equilibrium rate of interest (i*) 
lowerss the equilibrium wage rate and raises profits towards the desired 
level,, reducing fluctuations. 

Tablee 6.1: The influence of behavioural parameters on the dynamics. 

d;d; o^(l-7r)rf(l + ;t7»)-OT0(l-7r)d;p» OYp(l-x)d 

d%~d%~ (1 + tf*)2 " (l + tf*)2 
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3.22 The dynamics 

Somee restrictions follow from equation (6.3.3) in the choice of the 
parameterss and the initial values. First, £ should be below 4, otherwise the 
modell loses its stability. Second, the initial value of k should be between 0 
andd C/ro9. Assuming the economy to behave properly, the parameters are 
chosenn accordingly. The chosen constants are z'*=0.1; d=0.8, o=l, j3(l-7r)=1.6 
andd ,£=10, using y as the control parameter. Given i*,  fi{l-ri)  and x> wa*  =0.80, 
andd the equilibrium value of k,k*=l. 

X X 

1 . 13 3 

B . 7 5 5 

a.. 37 

B . 155 8 .24 B .32 a . 41 

Figuree 6.1: The bifurcation diagram for pO.15, for 0 > y> 0.15, fc=fc*. 

Startingg from a (relative) low level of the capital stock, the demand for 
creditss is below the supply of base money. The banks do supply the required 
amountt of credit, but at a level of the interest rate below its equilibrium rate. 
Thee profit rate is above the equilibrium rate of profit: accumulation of 
capitall rises. Because of this rise, the demand for credits increases and so 
doess the interest rate: the interest rate and capital stock (and production) 
displayy a positive linear relationship. 

^Thee restriction of a non-negative capital stock is evident, but a maximum capital stock 
shouldd be explained. Those restrictions can be justified by the partial character of this model. 
Here,, part of reality is modelled: the part that is relevant to the expose. There are other 
importantt economic relationships (as the relation with the foreign sector) which are not 
specifiedd here, but also no attention is given to other social relationships, which could 
influencee the economic relationships. An ever-expanding capital stock wUl disrupt the social 
relationss in a way, which could lead to an adjustment of the parameters within the stable 
limits.. On the other hand, they could lead to a crisis, which destroys a major part of the 
productivee capital (see for example Rosser(1991) for the relation between bifurcation's, 
catastrophess and the decline of political power). 
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Thee larger the sensitivity of the interest rate (the possibility of the banks to 
raisee i): y, the larger the adjustment in the interest rate. The bifurcation 
diagramm of / i s given in figure 6.1. 

Ass kt approaches zero, (6.2.11) gives U = i*  - yd. For it>0, it is assumed that 
i*>yd,i*>yd,  or that there is a maximum level of y, ymax = i*/d. Given the 
parameterr values above, this gives ymax=  0.1/0.8= 0.125. As can be seen in 
(6.3.3)) and figure 6.1, the credit market moves towards its equilibrium for 
y=0.1255 This value of /results in £=1.8 (given the value of the other 
parameters).. Starting from a low level of capital, the interest rate is below i* 
Thiss raises profits and capital accumulation. The rise in production and 
interestt rate move profits and the interest rate towards their equilibrium 
value. . 
Irregularr and chaotic fluctuations can only appear for />0.3125, so these 
fluctuationss occur for values of y for which U can be negative when k 
approachess zero. 

Mi-it) Mi-it) 

Figuree 6.2: The bifurcation diagram for P(l-n). 

Substitutingg y=ymax=i*/d  in equation (6.3.2) gives: £ = l + cr;p' 

Manipulatingg this equation and taking o=l and V,* very small gives: <r/J(l-

Tr)>£-1.. Aperiodic solutions (£>3.6) can only appear for af5(l-n)>2.6. Given a 
productivityy of 1.6 and a non-negative interest rate, the maximum value for 
££ is slightly below 2.6: a cyclical movement towards the equilibrium level of 
k.k. Assuming £to be 2.59, %i*  has to be 159, or when z*=0.1, a ratio of labour to 
workingg capital (x) of 1590! 
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Ann increasing adjusted capital productivity (f%\-7z)) leads to chaotic 
fluctuations,fluctuations, as can be seen in the bifurcation diagram (figure 6.2). This 
causess the equilibrium level to decline as can be derived from k* in (6.3.3i): 

Q Q 
2.0 0 
3.0 0 
3.6 6 
4.0 0 

#l-«> > 
2.0 0 
4.0 0 
5.2 2 
6.0 0 

k* k* 

0.80 0 
0.40 0 
0.31 1 
0.27 7 

Inn paragraph two, the value of fi was estimated to between 2 and 5, so the 
appearancee of irregular and chaotic fluctuations because of the value of /7(1-
n)n) is unlikely. 

Inn the former wa is assumed to be constant at its equilibrium value. In the 
nextt paragraph the labour market is analysed, taking the interest rate as 
given. . 

44 The wage-profit model 

4.11 The model 

Thiss section concentrates on the partial dynamics, which result of the 
behaviourr on the labour market. Capital accumulation will raise the 
demandd for labour, which increases the wage share as seen in (6.2.15). The 
riserise in the costs of production lowers the profit rate, which has a negative 
effectt on the accumulation of capital. By taking y=Q in equation (6.2.11) the 
interestt rate remains constant at if=z'*10. Equation (6.2.17) can be used to 
determinee the effect of the labour market dynamics on the capital 
accumulationn (y=0): 

kkt+1t+1 = [l + 4 ( 1 - n)0 - {wa *  -ett)(l + xi *)]]** - oe(\ + # *)kf 

Substitutingg the value for wa* (see 6.2.12) gives: 

kt+1kt+1̂ ^  + amil + x i . ) M 1 - ^ ^ - ) k l ) (6.4.1) 

Thee first that can be deducted from equation (6.4.1) is the absence of the 
adjustedd capital productivity ()8(l-7i)). This is the consequence of the 
assumedd value of wa*. A rise in productivity leads to a proportional rise in 
wa*,wa*, and so in wa. The possibility of the occurrence of (irregular) 
fluctuationss given low values of e will increase when the labour supply is 
large,, the equilibrium interest rate is large and a is high. From (6.4.1), 
followss that C,wa = l+<jen(\+xi*)-  The influence of the parameters on £wa is 
givenn in table 6.2. 

10Inn the simulations #=l/f* is assumed, so ^r*=l. 
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Tablee 6.2: The influence of behavioural parameters on the dynamics. 

Secondly,, from the known properties of the logistic follows the interval of e, 
overr which the model is globally stable. The value of e has to fall in the 

interval: : -1 1 
< £ < < 

[11 + %i*]on [1 + XL*\an 

4.22 The dynamics 

;; given 0 < k < 1 1 
\\\\ + X*]oe 

++  n, and k* = n. 

Sincee (6.4.1) is similar to (6.3.2), there is no need to elaborate on the cycles, 
whichh can result from different parametric values. Figure 6.3 gives the 
bifurcationn diagrams for % a n d £- The other parameters are: n=\, f5(l-7i)=1.6, 
o=l,, £=10, z'*=0.1, which again gives wa*=0.8 . 

Figuree 6.3: The bifurcation diagrams of £ and X-

Takingg fcj=0, the wage share is determined by wat = wa*-en as can be seen in 
(6.2.11).. For the wage share to be above zero, e>wa*/n, giving e =0.8 in the 
simulationss above. When e is taken to be maximal wa*In, this gives 
[l+aen(l+xi*)]=2.6.[l+aen(l+xi*)]=2.6.  As known from the characteristics of the logistic 
equation,, to generate persistent fluctuations, Ciyfl>3- when fluctuations 
occur,, for wat>0, these are dampened fluctuations towards the equilibrium 
valuee of the capital stock, k*. 

Ass x rises, the maximum value of e declines as wa* (=fi(l-n)/l+xi*)  declines 
((givenn the desired profit share, a rise in the inputs which have to be 
financedd with credit increases interest payments and lowers the wage share 
att which the labour market and the goods market clear simultaneously). 
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Forr j£>10, (wa* - en) becomes negative. As is evident from figure 6.3, for 
valuess of x below 14 (given £=0.8), the capital stock moves towards its 
equilibriumm value, k*. 

Nott shown is the bifurcation diagram of P(l-n). Rewriting (6.4.1), taking 
£=emaX// the control parameter becomes: QtW=l+<jP(l-7t).  Aperiodic dynamics 
appearr for P(l-7i)>2.25. This value of f$(l'7i) contradicts the definition of wa* 
ass the equilibrium wage share {wa*<l);  given the parameters this requires 
fi(l-7ï)<2,fi(l-7ï)<2,  so no chaos can occur. 

Thee emergence of cycles does not only depend on the parameters, but also 
onn the value of i, as determined within the monetary sector. When the last 
deviatess from its equilibrium value, the parameter [\+oen(\+xU)\ of 
equationn (6.4.1) also changes. This brings us to the main subject of this 
chapter:: the interaction of the three sectors together. 

55 The total economy: the labour-market-credit market interaction 

5.11 Introduction 

Inn the paragraphs above, a model was developed, consisting of three 
markets.. The model consists of six equations, which are repeated below. The 
dynamicss of the credit market are given by (6.2.9): 

ii tt = i * +y(zvatkt - d) 

Demandd and supply on the labour market are equated by changes in the 
labourr share, as seen in (6.2.15): 

wawatt = wa* +e(kt - n) 

Profitss are equal to production minus costs of the factors of production, 
(6.2.5): : 

Ptt  = ft-(!  + >&  W * 

Productionn is depending on the capital stock, (6.2.1): 

Desiredd profits are assumed to be a constant part of production, (6.2.6): 

VtVt=m=mit it 
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Capitall accumulation depends on the difference between actual and desired 
profits,, (6.2.7): 

kkt+1t+1=k=k tt + cr(j> t-pt) 

Solvingg the model, the dynamics can be reduces to an equation for the 
capitall accumulation. Substituting (6.2.9), (6.2.15) and (6.2.1) into (6.2.5) gives 
ann equation for the actual profits. Using this solution, and (6.2.6) in (6.2.7) 
givess the capital accumulation in terms of the behavioural parameters (as in 
(6.2.17)): : 

kkt+1t+1 = [l + o[p(l -n)- (wa * -en)(l + tfi * -yd]j\]k t 

-<r[YX(wa-<r[YX(wa * -en)2 + e(l + %[i *  -yd])\kf 

-2OXYE(WCL-2OXYE(WCL * -enjkf - axYE2kf 

Thee partial analyses in the former paragraphs show that the credit-
productionn economy (e=0) will display chaotic fluctuations for: 
-- high levels of y, but in this case the interest rate becomes negative; 
-- high values of p{\-n), but the required value of f50--n) is too large, 
comparedd with the empirical values; and, 

Chaoticc fluctuations appear in the labour-production model (y=0) for: 
-- high values of e, resulting in a negative wage share; and 
-- high values of j3(l-7r), resulting in a wage share wa* above 1. 

Givenn the restriction of non-negativity on the wage share and the interest 
ratee and realistic values of the parameters, the partial dynamics of the 
production-creditt economy and the production-labour economy move 
towardss their partial equilibria. In deviation with the conclusions with 
respectt to the non-linear markets in chapter five, a partial analysis of the 
labourr and the credit market reveals parameters that justify the conclusion 
thatt the economy is inherently stable. 

Inn this paragraph the two markets are combined (coupled). The credit 
markett and the labour market interact with the production sector through 
thee profit share equation. To begin, the model is described in 5.2. After this 
thee several sources of (chaotic) dynamics are analysed. 
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5.22 The credit-labour model 

Fromm the paragraphs above, some simplifying assumptions can be derived. 
Remember,, the wage share for the goods market equilibrium (wa*) and the 
maximumm value for the parameters y (if>0) and e (wat>0) were defined as: 

wa wa == Aft-* ) 

-max x 

—— -» it = ywatkt (6.5.1) 
d d 

wa*wa* , 
->> wat = £Kt 

Usingg (6.5.1), equation (6.2.17) can be rewritten for the economy as an 
aggregatee of the three markets as: 

kkt+1t+1=k=k tt[l[l  + (7P{l-7i)]-(7ekf-c7xye2kf (6.5.2) 

Analysess show equation (6.5.2) to be a hill shaped function11, for the 
relevantt range of fc>0 (see figure 6.4). Stability is assured (see Li and 
Yorke(1975)) and chapter two) for t(km) < ko, so after reaching its maximum 
value,, k remains inside the domain of the function (0, ko). Abstracting from 
thee maximum parameters in (6.5.1), the slope in the equilibrium point (k*) 
iss given by: 

§§ =
3k3kt t 

--11 + <r[j8(l -n)- (wa * -m)(l + yfc * -yd])] -

2o\2o\ YX(wa * -en) + e{l + %[i  * -yd]) \k * -6<j%ye(wa * -en)k *2 -4crxye2k! 

Substitutingg the assumptions in (6.5.1) gives: 

maxx ft, 
==  l + oP(l-n)-2<j£k*-4crxY£jLk == i -i- rrn i i — '// i — / n u f - —ti.r\-vv*-

k=k* k=k* 
YY== Ymax Ymax 
£=£„ „ Dnux x 

Ass equation (6.5.2) is of the fourth order, it is not possible to present further 
analyticc results. The equation can be reduced to a third order equation for 
thee key-values of k, so some statements can be made regarding kg (the 

nTakee kt+1=f(kt), then/(0)>0,/'(O)<0;/(A:)<0 for k large and ƒ '(fc*)<0. 
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intersectionn of (6.5.2) with the ft:-axis), km (the maximum value of (6.5.2)) 
andd k* (for which ki+\=kt, in (6.5.2)). The derivation of these key-values is 
shownn in the appendix12. Numerical analyses and simulations show, in 
general,general, that the model losses its stability around <5>-2.2513. In the following 
numericall solutions, a value of |5| = 2.2 is taken as the maximal value for 
stability. . 

00 0.2 0.4 0.6 0.8 1 1.2 "* 1.4 

Figuree 6.4: The fcf-fy+l curve with fc*=l. 

Theree are three potential sources of chaotic fluctuations: 

1.. Market behaviour: y, e, P(l-n). 
Chaoss can emerge as the result of the behaviour on the two markets. In the 
formerr paragraph, it was concluded that under realistic assumptions, the 
behaviourr on partial markets alone couldn't be responsible for the 
occurrencee of macro-economic fluctuations. When coupled, the market 
forcess that move the partial markets towards equilibrium have a 
destabilisingg effect on the aggregate economy, as shown below. 

2.. The coupling between markets: %, a. 
Thee labour market influences the equilibrium at the credit market through 
thee wage fund, where % c a n be seen as a weight for the amount of working 
capitall (labour and other inputs) to be financed. Both markets together 
determinee the costs of production. The remaining profits determine the 
next-periodd capital stock, in which the sensitivity of investment to (p-p*), o, 
playss a role. 

3.. The market equilibria: p. 
Thee labour market equilibrium is realised when k=n=kn. When k is above 
(below)) 7i, the wage share rises above (falls below) wa*. The credit-market 

12II am in debt to Thijs Jansen, who brought the rules of Cardano to my attention and Leo van 
Veldhuizenn who helped solving the mathematics. See Teller(1965, 22). 
13Thee dynamics are given by (approximate): 

Monotonee and cyclical movement to k*: 8 > -1 

Persistentt cycles around k*: -1 > 8 > -1.96 

Chaoticc fluctuations: -1.96 > 8 > -2.25 . 
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reachess its equilibrium when k=d/wa*= kj. If k exceeds (is less than) kd, the 
interestt rate rises above (falls below) i*.  The possible combinations in the 
aggregatee economy are summarised in table 6.3. The relationship between kn 

andd kd can be described by: 

dd = p(wa * n) (6.5.3) ) 

Thiss assumption is economically irrelevant, but is used as shorthand for the 
differencee between the two levels of capital stock. A deviation of p from 1 
indicatess that the equilibrium level of capital of the credit market and the 
labourr /production market do deviate. Substituting (6.5.3)/ using the 
definitionss in (6.5.1), into (6.5.2) gives the dynamics of the capital stock in 
termss of the basic parameters: 

^yfc?? (6-5.4) frf+lfrf+l - fcf 

labourr market 

lok, lok, 

^^  ' n(l + Xi')  '\ pn2 'J_ 

11 ' c =' cn credit t 
market t 

k>kk>kd d 

k=kk=kd d 

k<kk<kd d 

k<kn k<kn 

I:: shortage of labour: wage 
sharee above wa*; 
shortagee of money: interest 
ratess above i*; 
profitss and capital stock low. 

IV:: shortage of labour: the 
wagee share above wa*; credit 
markett is in equilibrium; i=i*; 
profitss and capital stock low. 

VII:: shortage of labour: the 
wagee share above wa*; excess 
supplyy of money: interest rates 
beloww i*;  reaction of profits 
andd capital stock depends on 
thee relative influence of both 
markets. . 

II:: labour market in 
equilibrium:: wa=wa*; shortage 
off money: interest rates above 
'*; ; 
profitss and capital stock low. 

V:: labour and credit market in 
equilibrium:: wa=wa*, i=i*; 
profitss and capital stock 
remainn constant: p*, k*. 

VIII:: labour market in 
equilibrium:: wa=wa*; 
excesss supply of money: 
interestt rates below i*; 
profitss and capital stock high. 

Ill:: abundant labour supply: 
wagee share below wa*; shortage 
off money: interest rates above i*; 
reactionn of profits and capital 
stockk depends on the relative 
influencee of both markets. 

VI:: abundant labour supply: 
wagee share below wa*; credit 
markett is in equUibrium; i=i*; 
profitss and capital stock high. 

DC:: abundant labour supply: 
wagee share below wa*; excess 
supplyy of money: interest rates 
beloww I*; 
profitss and capital stock high. 

Tablee 6.3: Taxonomy of the nine possible situations in thee total economy. 

5.33 Dynamics wit h a coinciding equilibriu m in the labour  and credit 
markets s 

Inn the labour market, there is a level of k, for which kt = n (say k„),  so 
wat=zva*.wat=zva*. On the credit market, the demand for credit is equal to the supply 
whenn kt = d/zvat (say kd), with it=i*.  The relationship between the two 
levelss of capital is given by (6.5.3): kd = pkn, so kd - d/wa*. When the 
marketss interact, as described by (6.5.2), there is an aggregate level of capital 
(k*),(k*), for which (fct+1 -kt)jkt = 0. In this paragraph, it assumed that the two 
levelss of capital, kd and k„  coincide: p=l. Since the equilibrium capital stock 
iss the same in both markets, only situation I, V and IX on the diagonal in 
tablee 6.3 are possible. 
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Keepingg the parameters the same as before (taking n=l), the aggregate 
equilibriumm level of capital is then equal to kd = kn = 1 =k*.  The slope at the 
intersectionn k* is determined by: 

SS = 

or, , 

__ ^fcf+i 

ckckt t k*=l k*=l 

==  1 + a[p(l - «) - (wa * -en)(l + x[i  * -yd])] -

2crr ^(uw * -en) + e(l + x\} * ~}d])  - öcr^eftüfl * -en) - 4cr£y£' 

«ma,, = l - < T ^ ^ [ l + 3 ^ ' 1 (6.5.5) 

MarketMarket behaviour 
Usingg the parameters from the former section, /J(l-jr)=1.6, o=\, J ^ I O , i*=0.1, 

0h0h -n) {* 
wawa*=(*=(  —^x=0-80, d=wa*n=0.8Q, ^—=0.125, gives the following results 

(seee the appendix) jt*=l; km=Q.757l; f(fcm)=1.2471 and fc0=1.2582. The 
simulationss show a capital stock (and production) that is on average 25% 
beloww the equilibrium capital stock and equilibrium production14 (kav=0.7£ 
overr 3000 periods). Using (6.5.5) to calculate the slope gives: (5^-2.2. 

Thee combination of a stable labour market and a stable credit market results 
inn chaotic fluctuations for the economy as a total. 
Banks,, workers and firms behave in a stabilising way. When the capital 
stockk is above its equilibrium level, negotiations on the labour market raise 
thee wage share, as the demand for labour is above n. The amount of credit 
necessaryy (working capital) is above d, which raises the interest rate. As the 
costss of production rise, profit declines, decreasing the growth in capital and, 
inn time, resulting in a declining capital stock: the market forces move the 
partiall markets towards their equilibrium position (kj, kn). As the capital 
stockk approaches this equilibrium level (kd=k„=k*),  the combined reaction 
off the wage share and interest rate causes k to 'overshoot' its equilibrium 
level,, so the actual capital stock lies below the equilibrium level, as shown 
inn figure 6.5. Because bankers, firms and labourers behave in 'the right way' 
inn reaction to excess demand and supply, the aggregate economy exhibits 
fluctuations.. A slower reaction of all groups to market disturbances (lower 
behaviourall parameters, e and y) enhances macroeconomic stability. 

l^Thiss seems to be a characteristic of chaotic fluctuations, although not (yet) analytical 
provenn (C. Hommes, e-mail, 1995). 
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Figuree 6.5: The tffl-p relationship, the i-p relationship and the time path of k for ^=0.125; 

£=0.80. . 

Figuree 6.6 gives the bifurcation diagrams for e, yand /3{1-K), calculated 
keepingg the other variables constant. Substituting the values of the 
parameterss used in the simulations in the first equation of (6.5.5), with the 
exceptionn of e and y: 5=l-6.4y-2e-8ye. When the results from the 
simulationss are used to solve this equation, the aperiodic area appears for 
1.6<|(5|<2.2. . 

Too vary /?(1-TT) and still guarantee a non-negative wage share, e is taken to be 

A+v* A+v* att its maximum value: e = e_ wa wa 

Ongoingg fluctuations can result in a situation in which an analysis of the 
partiall market reveals only a tendency towards equilibrium: the stronger the 
adjustmentt towards equilibrium (the larger the behavioural parameter), the 
largerr the chance of chaos. Contrary to the conclusion in the former 
paragraphss (fluctuations require negative rewards of factors of production) 
(chaotic)) fluctuations will occur for positive values of the interest rate and 
thee wage share in the coupled model. 
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Kl-x) Kl-x) 
Figuree 6.6: The bifurcation diagrams for e, / a n d fKl-ri)-

TheThe coupling between markets: %, a 
Thesee parameters determine the influence of the two markets on each 
other.. Parameter % gives the amount of credit firms need, given the wage 
sharee and the capital stock. The overall effect of a change in x is 
undetermined.. As can be seen in the first equation in (6.5.5), there is a direct 
positivee effect on 8, and so on the occurrence of fluctuations. 
Indirect,, a rise in % has a negative effect on <5 because wa* declines. If this 
declinee in wa* {=emaxn) is ignored, the wage share becomes negative when 

wawa * (z) ^ £ or % < —^——^ (which gives %<\§ for the parameters used 
mm * e i * 

here).. This case is depicted in the first diagram of figure 6.7. In this diagram, 
itt can be seen that fluctuations occur for 3<^<10. Taking the equilibrium 
wagee share to be below one and given the other parameters, the minimal 
valuee of ^ is 6 (wa*<l,  %>[^(1 -ri)~l]/!*)• Assuming £=0.8 (as above), the 
relevantt range of % is [6,10], which gives -2.2 < <5< -2.1: when the 
combinationn of partial markets causes the aggregate economy to exhibit 
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fluctuations,fluctuations, changes in the coupling through % (given the restrictions on 
wa*)wa*) will not change the dynamics. 

Whenn the distribution of income through the market forces takes account of 
thee necessary amount of working capital, the wage share can be made to 

dependd on %: en(x) = ——. • A lower value of % increases the equilibrium 

wagee share (and e): lower interest payments increase the wage share. The 
bifurcationn diagram (second diagram in figure 6.7) is the mirror of the usual 
diagrams:: the economy is stable for high values of %> whereas chaos occurs 
forr small values: a low value of % gives a high value of e. The fluctuations 
inn the labour market are amplified by the dynamics in the credit market, 
resultingg in chaotic fluctuations for the aggregate economy. 

Figuree 6.7: The bifurcation diagram for % (different assumptions) and the £-ó" relationship for 

differentt y. 

Thee dependency of the influence of % on the other parameters is illustrated 
moree strongly by comparing the second and the third diagram in figure 6.7. 
Thee second diagram was drawn assuming yMD.125 (e=0.8), the third takes 
}<=0.05.. In this last case, the maximal possible type of fluctuations is a period-
22 cycle. This is conformed by the last diagram, which shows the relationship 
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betweenn S and % for the two different values of y15. Given the parameters 
03(l-7f)=1.6,, z'*=0.1 and 0*1) -2.2<5<-1.6 for 0.125<y<0.078125. 

Concluding:: the influence of % depends on the behavioural parameters. If 
thee economy potentially displays chaotic fluctuations, chaos will also occur 
forr different values of %• When the behavioural parameters are such that 
chaoticc fluctuations will not occur, a higher value of % cannot change this. 

Thee influence of the savings- or investment quote, a, on the dynamics can 
bee summarised by: <5 = 1 - dX, in which the value of X is determined by the 
valuee of the other variables. Figure 6.8 gives the relationship between a and 

£ m a v
1 66 a n d P(l-n)P(l-n) for different values of y, assuming wa* = —-—^- = e •• 

chaoticc fluctuations (<5=-2.2). As external financing of the capital stock is 
ignored,, o"<l. When reactions on the credit market are slow (y small), the 
adjustedd capital productivity (P(l-n)) has to be large to generate chaotic 
fluctuations.. The same can be concluded for the rate of investment: given y 
andd e, a smaller investment quote requires a higher adjusted capital 
productivityy if chaos is to occur. Taking a=crmax=l, from the analyses of %, it 
iss known that the economy will not exhibit irregular fluctuations for 
y<0.0781255 (£=emax)-

Figuree 6.8 further gives the relationship between o~ and y, in the second 
diagram,, for /3(l-7r)=1.6 and different values of 8. 

2.5 5 

2--

1.5. . 

1. . 

0.5--

(1 1 

\\ 5 =-2.2 

\\ ^v 

"" ^ *̂̂ *̂ ^ 

Y=0.125Y=0.125 *~ • _ ^ —-— 

11 1 1 1 i 
11 1.5 2 2.5 3 0 0.025 0.05 0.075 0.1 0.125 0.15 

Figuree 6.8: the <5-/3(l-;r)-relationship and the S-y relationship. 

^Forr E=Emax and d=aw*n, S can be calculated using: 

55 = 1 - 0)3(1 - 1t) 11 + 2/3(1 - n)y 
(!!  + ) 

1616SS = 1-<JP(1-TI) 11 + 2y)3(l - n) 
{l{l + i*xY_ tfl-7l) tfl-7l) 

1 - 5 5 

11 + 2y/3(l - n) 
(l(l + i*xf 
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Conclusion: Conclusion: 
Inn the former paragraph, fluctuations were shown to be highly unlikely 
becausee of the assumed non-negativity of the interest rate and the wage 
share.. Coupling does change this conclusion. Using the same parameters 
(£m a x ,, /max) or even smaller ones, the aggregate economy exhibits all kind of 
dynamicc behaviour, including chaotic fluctuations. When the behaviour on 
bothh markets is such that they move towards their equilibrium level, the 
combinedd effect of such stabilising behaviour results in fluctuations on a 
macroeconomicc level. 
Usingg the definition of the slope in /c*, the observation of fc*=n=l and 
severall restrictions based on the assumption of Q<wa*<l,  it was shown that 
thee parameters determining the coupling (yand o) do only play a minor 
rolee in the occurrence of irregular fluctuations. 

Inn economic terms: the economic subjects react to excess supply and 
demand,, moving the partial markets towards their equilibrium position. 
Thee employers and employees move towards a distribution of income that 
satisfiess both the desired profit rate and a market-clearing wage (share). On 
thee credit market, bankers and firms negotiate an interest rate at which the 
desiredd working capital can and will be supplied. The combined actions on 
thee labour and credit market make the capital stock overshoot its 
macroeconomicc equilibrium position, k*. The resulting fluctuations are 
neitherr the result of market failure nor a desired outcome of the economic 
process.. The magnitude of the coupling between the partial actions is shown 
too be of less importance compared to the speed of adjustment of these partial 
actions. . 

Onlyy the three situations of the diagonal in table 6.3 are possible as the 
equilibriumm in the credit market and the labour market coincide. These are 
simultaneouss equilibrium (V), labour/credit shortage (IX), with a low 
interestt rate and low wages, and labour/credit abundance (I), which is 
characterisedd by high wages and high interest rates. Both markets move in 
thee same direction when the capital stock deviates from its equilibrium 
value.. When the equilibrium positions in the two markets differ (kn*kd), 
thee dynamics in the two markets can differ. This influences the conclusions 
inn this chapter in several ways, as described in the next section. 

5.44 Dynamics in a model with different equilibri a in the labour  and 
creditt  market 

Againn the same assumptions made in the former paragraph are used, 
resultingg in equation (6.5.2). However, there is no a priori reason to assume 
pp to be equal to 1. There is no mechanism, which ensures that the level of 
thee capital stock, for which demand and supply of credit are equal and it = i*, 
iss equal to the capital stock at which the labour market clears at wa*. 
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Inn the former chapter, it was assumed that the banking sector aims at a 
positivee desired net credit creation, above the amount of money supplied by 
thee monetary authorities: the banks derive their income from this gap 
betweenn government supply and private demand. Its therefore logical to 
assumee the credit market to clear at a level of base money below the level at 
whichh wa = wa*: p<l . There are also reasons to investigate the dynamics for 
p>l.. If the government uses the supply of base money as an instrument for 
theirr monetary policy, they can overshoot the target level. Furthermore, if 
theree is an exogenous negative shock to production, the reaction of the 
governmentt (adjustments in the supply of base money) probably lags behind 
thee changes in economic reality. 

Inn the following analyses some assumptions are made to reduce the 
complexityy of the model. Firstly, the equilibrium wage share (wa*) 
determiness the reaction parameter in the labour market and n is taken to be 
one:: E=Emax=wa*. Secondly, the equilibrium level of credit is described as: 
d=pwa*=pe.d=pwa*=pe. This gives the following dynamical equation17: 

*t+ii = I1 + 0(1" *)]**" I1 + X(i * - W w K - m2kf (6.5.6) 

Thee equilibrium value for k, k*, can be determined using (6.5.6), the rules of 
Cardanoo (see the appendix) and: 

00 = fllrftJ 1+*'*7")]v. t.3 (6.5.7) 

Usingg the solution of fc* from (6.5.7), 

^ ^^ = 1 + pYl - n) - 2fl + x(i * -W)]&t ~ 2$ and the solution for k*3 
dkdkt t 

fromm the former equation, the slope in k* is given by: 

«55 = 1 - 30(1 -n) + 2[l + x(i * ~Ype)]& *  (6-5.8) 

Theree is a negative relationship between p and Ymax'-

i*i*  i * 1 

r„ ww = V = ^  (6-5-9) 

Thiss relationship is shown in the first diagram of figure 6.9. This equation 
cann be read two-sided: it gives the maximum value for y, given p, but also 
thee maximal value of p, given y, for which ii>0  for kt-0. 

17Ass base-situation, the parameters are: jS=1.6, #=10, i*=0.1, giving IWI*=0.8 and £max=0.8 
(n=l). . 
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Assumingg p to be below 1, kd is below kn. When the simulation starts with a 
veryy low level of k, the interest rate is below i*  and the wage share is below 
wa*.wa*. The profit share is above its desired level, so capital is accumulated. 
Theree is a range of capital for which the interest rate is above its equilibrium 
value,, depressing the profit share, but because the wage share is still below 
wa*:wa*:  capital continues to grow (the total effect of the costs on the profit share 
iss positive). When both interest rate and wage share are above their 
equilibriumm value, capital accumulation falls. 

Takingg different values for y and p, the bifurcation diagrams in figure 6.9 are 
drawn.. The second diagram shows the bifurcation diagram for p, taking 
y=yy=ymmax(p)-ax(p)- For small values of p, y is large, resulting in chaotic fluctuations. 
Ass p rises, y decreases, so the model becomes stable. 
Thee third diagram shows the relationship between k*, the slope 8 and the 
ratioo between kd and kn, p. As p rises, k* rises. The increasing stability is seen 
ass a rise in <5. 

Thee following diagrams give the result for y^O.125 and y=0.05. This gives 
ii tt(kt=Q)>0(kt=Q)>0 for p^o.125^1 and py=o.05̂ 2-5< Both bifurcation diagrams show the 
possibilityy of chaotic fluctuations. In the first case, these appear for p<l , 
whenn the capital stock required for equilibrium in the labour market is 
beloww the one required for equilibrium in the credit market. When y is 
lower,, the chaos results for values of p>l, for positive interest rates even 
whenn kt approaches zero. 
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Figuree 6.9: Different bifurcation diagrams for p and the k*-5-p relationship all for different 

valuess of y. 

Usingg equations (6.5.7) and (6.5.8), table 6.4 is calculated. In this table, 
differentt values of y are used to calculate 
(1)) the p<5=-2.2 gives the p, at which 5=-2.2 (the appearance of chaos) with the 
accompanyingg equilibrium value of k in parentheses, 
(2)) the maximal value of p for which z'(fc=0)>0 (pmax) and 
(3)) the S which can maximal be attained for p=pm3lx (5max)-
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Iff P5=-2.2>Pmax/ chaos is not possible, give it>0. The kind of dynamics 
possiblee can be found by comparing <5max with the estimated values for S 
(monotonee and cyclical movement to k*: 5 > -1 ; persistent cycles around k*: 
-11 > S > -1.96; irregular fluctuations: -1.96 > 5 > -2.25 (approximate)). 

Y Y 
0.01 1 
0.02 2 
0.05 5 
0.07 7 
0.09 9 
0.1 1 
0.125 5 
0.15 5 
0.2 2 
0.5 5 
0.75 5 
0.9 9 

PS=-2.2PS=-2.2 <**) 
19.66 (2.3) 
9.11 (1.8) 
3.22 (1.4) 
2.11 (1.2) 
1.55 (1.1) 
1.355 (1.1) 

1(1) ) 
0.788 (0-94) 
0.533 (0-86) 
0.111 (0.63) 
0.033 (0.55) 
0.011 (0.52) 

Pmax x 
12.5 5 
6.25 5 
2.5 5 
1.8 8 
1.4 4 
1.25 5 

1 1 
0.83 3 
0.625 5 
0.25 5 
0.17 7 
0.14 4 

^max x 
-1.2 2 
-1.4 4 
-1.8 8 
-2.0 0 
-2.1 1 
-2.1 1 
-2.2 2 
-2.3 3 
-2.4 4 
-2.7 7 
-2.8 8 
-2.9 9 

Tablee 6.4: p for 5=-2.2, Pmax an£l ^tnax f°r different values of y. 

Thee slope in k* indicates the possible appearance of chaotic fluctuations at 
y>0.055 (pmax>1.9). For )<0.125, the model losses its stability before chaos is 
reached,, because the interest rate becomes negative: Pmax<Pfc-2.2-

Forr y>0.125, the situation changes. For p<l, chaotic and irregular 
fluctuationss can occur as p<5=-2.2 is feasible. Since p<5=-2.2<Pmax/ chaos will 
occurr for positive values of it, even when k approaches zero. 

Whenn k*<l,  as required for the occurrence of irregular and chaotic 
fluctuations,, the equilibrium for the labour-goods market is superior to the 
equilibriumm at the credit market: kd < kn (p<l). 
Forr example, when y=0.5, table 6.4 shows that p=0.11 and fc*=0.63. given 
kknn=l,=l,  the equilibrium at the credit market is given by kd = 0.11. When k 
approachess k* from below, the upward labour market forces outweigh the 
downwardd forces of the credit market, so the aggregate economy 
'overshoots'' its equilibrium level. Only in the neighbourhood of kn, the 
equilibriumm forces in the credit market outweigh the influence of the labour 
market. . 

Whenn y>0.125, the interest rate remains positive but the model losses 
stabilityy because p<5=-2.2<Pmax- F°r k*<\,  the appearance of chaos requires the 
equilibriumm at the labour market to be inferior to the equilibrium at the 
creditt market. Take ^=0.05, then rf(pmax)=2.5, so kd=2.5 and kn-l. When the 
speedd of adjustment in the credit market increases, the equilibrium in the 
labourr market is superior to that in the credit market: for y=0.75, rf=0.024 and 
kkdd=0.03=0.03 (kn=l). 

Conclusion: Conclusion: 
Theree is no a priori reason to assume that the capital stock which clears the 
creditt market (it=i*)  is the same at which wat=wa*. Taking the capital stock 
forr which wat - wo* in the labour market to be above that in the credit 
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markett (p<l), the reaction of the firms and households in the labour market 
movess the capital stock towards kn, which enlarges disequilibrium in the 
creditt market. When wat comes nearer to wa*, these forces are 
counterbalancedd by the forces on the credit market, reducing the capital 
stock.. The aggregate economy will exhibit persistent fluctuations because of 
thosee two opposing potentials. 
Thee opposite case (p>l) confirms the findings of the secondary nature of the 
influencee of fluctuations in the credit market. The dynamics in the labour 
markett are not counteracted by the movements in the credit market. The 
aggregatee economy moves towards its equilibrium position. In equilibrium, 
theree is a high level of employment (as compared to n), and an excess supply 
off base money (d). Assuming i*  to be a 'fair' reimbursement of the costs 
fromm the banks and the monetary authorities, this can not be a long run 
equilibriumm because i(k*)<i*. 

66 Inflatio n and the coupling between the production and the 
monetaryy sector 

6.11 Inflatio n and rigidities 

Thee model above concentrated on the real properties of the economy. 
Becausee real profits are determined as a residual, real demand equals real 
supplyy in the goods market. To introduce price changes and inflation, 
nominall rigidities have to be introduced. 

Rigidities Rigidities 
Reall supply is given by qt, and divided over different kinds of income 
(wages,, interest income and profits): ItWt+Uct+pt- Total nominal income is 
spendd in the same period: UWt+hCt+Prt- Capitals give nominal variables, 
whereass Pr gives nominal profits, to distinguish from the price level (P). 
Theree are several ways to introduce rigidities, three of them are considered 
below. . 

First,, transactions require money, which is supplied free as 'manna' by a 
governmentt agency. Nominal demand equals the supply of money: 
Mt=ltWt+itCt+PrtMt=ltWt+itCt+Prt  . The price level is determined as the ratio between real 

MMt t supplyy and nominal demand: Pt = —L. Inflation is determined exogenous by 
ft ft 

thee difference between rate of growth in the money supply and the growth 
inn production, as result of changes in the capital stock18:P = M~cj, so the 
modell predicts a negative correlation between inflation and production. 
Givenn perfect foresight the nominal variables are adjusted for the rate of 
inflation:: W = wP; Pr = pP. 

18Rememberr qt = pkt^yq = P + k = k, 
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AA second rigidity can be the investment behaviour of the firms. Suppose, 

thee firms aim at a constant nominal level of investment: K = Pkt. Nominal 

demandd is than given by: D = Pt[wl t + ict]  + K. Equating nominal demand 
o o 

withh real income19, gives the price level: P = -r £ - ; Pm < 0; Pt < 0. A 
(11 + "Xi)wa, +1 

declinee in the costs of production {wa, i), raises the share of profits. This 
raisess the funds available for investments more than the demand for 
physicall capital goods. The price level of investment goods rises relative to 
consumptionn goods. 

Lastly,, nominal wage determination can deviate from the real wage 
determination,, for example, because of the power of trade unions. A higher 
nominall wage share also influences the demand for nominal credits. 
Nominall demand equals D = Wl + iC + Pp. Setting demand equal to supply 

(l+Yi)(w-W) (l+Yi)(w-W) 
givess the price level: P = l + -rz r- . Assuming the power of the 
°° r (P-{l + ft)wa)k 
tradee unions to rise with production (the gap between w and W to widen), 
thiss version predicts a negative relationship between production and 
inflation:: a rise in production raises nominal demand for consumption 
goods,, but depresses nominal demand for investment goods. Nominal 
demandd rises less than production, so the price level declines. However, in 
thiss analyses changes in the interest rate and labour productivity were 
ignored. . 

Inn the next paragraph an economy is modelled in which firms have some 
freedomm to determine their labour demand, and allow a deviation between 
thee real and the nominal wage determination. Conclusions are shown to be 
lesss straightforward than above. 

6.22 Nominal wages, prices and employment 

Inn the analyses above, a relationship for the real wage share was derived, 
withoutt going into the division between the labour intensity of capital (a) 
andd the real wage rate (w). In this paragraph this model is extended to 
capturee the possible influence of these dynamics20 and their relationship to 
inflation. . 

Employmentt was given by: 

ll tt=a=a ttkkt t 

19Wagee and interest income is assumed to be spend on consumption goods. 
20Thiss extension of the model has only illustrative use, in the sense that the actual model 
specificationn is sensitive to the value of the parameters and to the definition of the 
equations. . 
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ItIt  - employment 
atat = labour intensity of capital 
ktkt = capital stock 

Firms,, together with trade unions, determine the nominal wages at the 
beginningg of the period. They base the present nominal wage rate (Wt+i) on 
thee disequilibrium in the product- and the labour market in the former 
periodd as measured by the difference between demand for labour (atkt) and 
thee equilibrium level (n). This gives the relative changes in the nominal 
wagee rate (Wf+i/Wf): 

WWt+1t+1=W=Wtt(l(l  + <!>[a tkt-n]) (6.6.1) 

0=077 £ 

Thee actual real wage share (iva) in this period is determined as before with 
thee labour demand determined by both present capital stock and labour 
intensityy of capital: 

tvatvat+1t+1 =wa* +e[at+1kt+1 - n) (6.6.2) 

Whenn the nominal wage rate is set, firms have some freedom in 
determiningg the labour intensity. A higher nominal wage rate (as compared 
too the desired wage rate) depresses the usage of labour, the labour intensity 
off production is adjusted downwards: 

aat+1t+1=a=a tt(l(l  + iff[w*-WM])  (6.6.3) 

w*w* = wa*la* - the desired wage rate, as W* =w*  and P=l in equilibrium. 

Thee accumulations of capital is again determined by the deviation between 
actuall and desired profit share, {prVt*)f  so the capital stock is given by: 

kkt+1t+1 = kt(l + 0(1 - n) - (1 + xit)™t) (6-6.4) 

Withh the interest rate also determined as before: 

h+ih+i  = i *  +r(wat+i kM - d) (6-6.5) 

Thee price level is determined by the nominal equilibrium, assuming the 
reall economy to be in equilibrium as in the former paragraph. Nominal 
demandd (£) is: 

Ef+ii = -Pf+ift+i + (1 + ^ l W + i ^ + i ^ + i 
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PtPt = price level 

Thee distribution of real supply (S) is given by: 

Sf+ii = <7f+i = Pt+i + (1 + Xit+i) waMkt+\ 

Settingg real demand (E/P) equal to supply (S) gives: 

pp  (6.6.6) 

Thee W-a dynamics, which follow from (6.6.1) and (6.6.3) resemble the cycles 
analysedd in chapter five: 

W t +1=W,(l++ *[«,*,-n) 

aat+1t+1 = at{\ + y[w* -Wt(l + <p[a tkt - «])]) 

Fromm equation (6.6.1), the equilibrium value of the labour intensity can be 
determined,, by setting AW=0: atkt-n. Assuming (for simplicity) the credit 
andd labour market to clear at the same value of k (p=l), this implies k*-nf so 

Similar,, by setting Aa=0, in (6.6.3), gives W*=zv*, whereas w* can be 
determinedd by wa*la*. Substituting the equilibrium in (6.6.6) gives the 

equilibriumm price level: P* = — = 1. The analyses in chapter five show 

thee amplitude and periodicity of the W-a cycle to depend on the parameters 
andd the initial deviations of their equilibrium value. 

PartialPartial equilibrium 
Too concentrate on the relationship between the labour intensity and the 
nominall wage rate (the partial W-a dynamics), the capital stock is assumed 
too remain at its equilibrium value (k=k*) and the coupling through the real 
wagee share is ignored (e=0; wai=wa*=0.8). To simplify the model, the 
equilibriumm in the labour market and the credit market are assumed to 
coincidee at the same capital stock (kn=kd=k*;  p~l) and the profit-investment 
ratioo (o) is set at one. 

Figuree 6.10 shows the nominal wage-labour intensity dynamics. Changes in 
thee labour intensity and price level reflect changes in the nominal wage rate, 
takingg 0=1, \ff=l  and as initial variables ao=a*=l  and Wo=0.75 (W*=0.80). The 
thirdd diagram shows the inflation-employment relationship, indicating on 
averageaverage a high level of employment when inflation is low. Demand for 
labourr rises as the nominal wage rate (inflation) is below its equilibrium 
level.. Although the capital stock, and all other real variables are constant, 
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employmentt exhibits fluctuations as the result of savings in labour, because 
off changes in the nominal wage rate. 
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Figuree 6.10: Nominal wage rate (W)-labour intensity (a) dynamics; the time path of the price 
levell (P) and the inflation (dP)-employment (/f=«ffc*)-relationship. 

CombinedCombined dynamics 
Whenn the capital stock rises, the demand for labour (ak) rises. The labour 
demandd influences the real wage share (6.6.2) and the nominal wage rate 
(6.6.1):: both wage rates rise. 
AA rise in the nominal wage rate (above w*) causes a decline in the labour 
intensityy (6.6.3), which has a negative effect on the labour demand. The rise 
inn the real wage rate depresses the real profit rate, so capital accumulation 
decliness (6.6.4), which also depresses labour demand, the decline in labour 
demandd decreases the wage rates, raising the labour intensity and the capital 
stock.. This mechanism gives rise to persistent fluctuations. 

Substitutingg the new real wage share (6.6.2) in equation (6.6.4), taking the 
derivativee in fc*=l gives: 

88tt = 
3k 3k t+i t+i 
dkdkt t 

== [l + 0(1 - n) - (wa * -en){\ + x{i *  ->**))] 
it»=i i 

-2[^r(wfll * -en)2 + eat(l + %{i *  ->d))j 

-6xy(iva-6xy(iva * -en)at - 4;ty£V 

(6.6.7) ) 
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Thee slope 3 is labelled with f as a reminder of the time-dependency of 8, 
becausee of at, in contrast with S. Simulations showed irregular fluctuations 
forr 8<-2.2 . From (6.6.7) it can be derive that21: 

SStt<Sif:<Sif: at>\ 

SStt=8if:=8if:  at = \ 

SStt>Sif:>Sif: at<\ 

Forr larger values of a, given the other parameters, the likelihood of 
irregularr fluctuations is higher. 

AA rise in the capital stock does increase the nominal and real wage share. 
Thee rise in the real wage share depresses next period capital stock through 
thee decline in profits. The increasing nominal wage rate depresses the 
labourr intensity, a, which lowers next-period-labour demand, but also 
lowerss the fluctuations in k as 8 declines. 

Figuree 6.11 gives the dynamics of the model described above. The 
simulationn has been made assuming for the real sectors: /3(l-7r)=1.6, #=10, 
z'*=0.1,, n-1, d=0.8 giving k*=\  and wa*=0.8. Furthermore, £=0.6 and y=0.06, 
soo ^=-1.16 (given the parameters above: S ~ ~ 2.248-2.544a-0.864a2; for Ö=1.24, 

<5=-2.2).. In absence of nominal disturbances, real distortions cause a cyclical 
adjustmentt towards k*. The nominal sector is given by: v ^ i and 0=1, as 
above,, with a*=l  and W*=0.8. Initial values are ko=k*f ao=a* and Wo=0.75. 

Ass shown in the first diagram of figure 6.11, a nominal mistake in setting 
thee wage rate (Wo*W*), causes both the real and the nominal economy to 
fluctuate.. The time series of the capital stock are characterised by a long-term 
cycle,, around which short-term fluctuations are seen. The long-term wave is 
causedd by the adjustment of the labour intensity to changes in the nominal 
wagee rate, whereas the short-term fluctuations arise from the equilibrium 
seekingg adjustments in the capital stock. During the long-term upswing, 
firmss do react less severe as the production is less labour extensive and the 
capitall stock moves towards its equilibrium value (flf<l, St>$). However, 
whenn the economy approaches its equilibrium position, the labour intensity 
increases,, which causes the labour market to 'overshoot' its real equilibrium 
wagee rate. The labour intensity rises and the profit share declines drastically. 
Thee simulations show some periods for which a>1.24, so the fluctuations 
becomee explosive. However, because the capital stock declines fast, a 
decliness before the aggregate economy becomes explosive. 

21SS = [1 + 0(1 - n) - (wa * -en)(l +  X{i  * -yd))] -

-2[xy(wa-2[xy(wa * -en)2 + e(l + x(i * -}*0)] ~ 6^y(wa * -en) - \XY V 

so:: 8t - S = -[2e(l + x(i * -v0) + t>XY{™ *  -£»)](«* ~ 0 " " ̂ V - 1) 
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Figuree 6.11: The dynamics of the real and nominal sectors: the time path of the capital stock 

(k),(k), the changes in the slope (#•); the W-a dynamics and the inflation-employment 

relationshipp (dP-l). 

Thee recovery in the nominal sector takes more time because of the assumed 
lagg between the capital stock adjustments and the nominal wage rate. As the 
long-termm wave moves the capital stock away from its equilibrium position 
duringg the downswing and the labour intensity rises, adjustments are more 
hecticc (flf>l; 5f<5). The resulting dynamics show an asymmetric cycle: a 
smoothh upswing followed by a distorted downswing: short-term 
fluctuationss are mild during a long-term boom, compared by the short-term 
fluctuationss during the long-term downswing. 
Thee long and short-term fluctuations are also visible in the W-a dynamics: 
thee economy moves between the two cycles shown as the capital stock 
movess up and downwards. The high values of the capital stock (see the first 
diagramm of figure 6.11) give the upper cycle, whereas the low values of k are 
responsiblee for the lower cycle. The cycles themselves (the long-term waves) 
representt the W-a dynamics. 
Thiss duo-cycle is even more evident in the case of the dP-l relationship as 
shownn in the last diagram of figure 6.11. The economy, again, moves from 
cyclee towards cycle, between a state of high inflation and low employment 
versuss a state of deflation and high employment. Within each state, there is 
aa clockwise movement, as the price level rises and employment declines 
whenn the nominal wage rate rises. 

Thee occurrence of hectic fluctuations depends on the value of the 
parameterss in the real and in the nominal sector. In figure 6.12, the 
bifurcationn diagrams for y/, <p, e and y are shown, calculated using DMC, 
assumingg one parameter to vary, with the other parameters set at yf=l, <p-l, 
e=0.66 and y=0.06. It is evident from these diagrams that chaotic fluctuations 
cann result if one of the four parameters is large enough. The two-cycle 
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characterr of the capital stock is only visible in the y/-diagram, but is present 
inn the others too. 

e.599 e.76 e.92 i.eg ? 0.Z9 e.43 a.57 B.7B 

6.33 Government policy 

Governmentt policies are left implicit in the analyses above, for two reasons. 
Firstly,, the occurrence of fluctuations is based on the (stabilising) behaviour 
off economic subjects as the firms, the labourers and the bankers. 
Introductionn of the government requires additional assumptions on the 
objectss and the behaviour of government agencies. This would introduce 
anotherr sector in the model. Not only would this raise the complexity of the 
model,, but also it could enlarge the possibility of chaos if the government's 
goalss differ from those of the private sector. 

Secondly,, as before, by emphasising the dynamically adjustments within the 
privatee sector, it becomes clear that to stabilise the economy, the 
governmentt should influence the behaviour of the economic subjects. 
Incidentall measurements, once removed, only enlarge fluctuations in a 
chaoticc environment. Within the present setting, government policy 
shouldd take the form of an automatic stabiliser. In terms of chaotic control, 
onlyy by removing the essential non-linear mechanism (for example, the 
nominall wage share-labour intensity mechanism) less fluctuations will 
result. . 
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Intuitively,, a rise in the interest on base-money, as provided to the banks, 
risess y, lowering S and increasing the possibilities of the occurrence of 
fluctuationss (see figure 6.12). When the monetary authorities change the 
interestt rate, this would cause the aggregate economy to display persistent 
fluctuations,, even when the credit market initially is in equilibrium. As 
beforee the government only has a lasting influence if they set a variable for a 
longg time, or by changing behavioural parameters of the model, changing 
thee behaviour of the private sector. In the presence of erratic fluctuations, 
however,, the government can increase aggregate welfare by moving the 
economyy towards its equilibrium (since kav<k*).  On the other hand, policies 
havee to be financed, either by a tax on profits (depressing accumulation), 
wagess (where the effect depends on the compensation labour can realise) or 
lendingg (raising the interest rate). Furthermore, when n is taken as a proxy 
forr full employment, the equilibrium position of the aggregate economy can 
bee below that necessary for full employment. There will be political 
dissatisfaction,, giving the government an incentive to stimulate the 
economyy beyond the equilibrium point. This causes the economy to 
fluctuate,, with an average employment below afc*. If the political business 
cyclee is taken into account, there is an additional endogenous mechanism to 
doubtt the emerging of the steady state of a market economy: governing 
partiess have an additional incentive to intervene in an otherwise non-
fluctuatingg economy. 

Byy adding an additional mechanism to a stable, but potential chaotic, 
economy,, the possibility of hectic fluctuations increases, even when the 
sectorss of the economy are 'equilibrium-seeking' in their own right. The 
nominall sphere above can be described as the engine of the fluctuations. 
Thee real sphere, however, provides the fuel for the chaotic dynamics as the 
movementss towards their partial equilibrium provide new disturbances in 
thee nominal sphere. 

Inn reality, an economy exists of a manifold of relationships between 
economicc subjects, each balancing and counterbalancing actions of others. 
Eachh subject is striving to realise an optimal situation. When the individual 
goalss are equal, economic transactions will move the partial market towards 
equilibrium.. There is, however, no guarantee that all markets move 
towardss the same aggregate equilibrium. Even so, the combined effect can 
generatee (chaotic) fluctuations when adjustment speed differs over markets. 
Whenn failures and mistakes are added, the complexity and connections 
causee fluctuations to be the representative economical state, not the 
exception. . 
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77 Summary and conclusions 

Thee purpose of this chapter was to analyse the possibilities of the occurrence 
off fluctuations in an economy in which the partial markets display a strong 
tendencyy towards market clearing. Several conclusions can be drawn from 
thee analyses and simulations in this chapter. Fluctuations occur in the 
labour-productionn model as the result of the reaction of the wage share to 
disequilibriumm in the goods and labour market. In the credit-production 
model,, fluctuations are the result of the reaction of the interest rate to 
disequilibriumm between the demand and supply of credit. However, given 
thee linearity in the price functions (wages, interest rate), the occurrence of 
irregularr (chaotic) fluctuations is unlikely, taking into account the non-
negativityy of wage share and interest rate and the magnitude of the other 
parameters.. The profit rate does not rise enough above the desired level to 
generatee lasting fluctuations: the workings of the market enforce the 
equilibratingg forces, so the markets move towards equilibrium. 

Thiss conclusion changes when the two sectors were to interact through the 
profitt equation. Given a strong correlation between the wage share and the 
amountt of credit, the combined forces of the two markets have a de
stabilisingg effect on the aggregate economy. The combination of the drive 
towardss partial equilibrium in each market causes the aggregate economy to 
overshoott its equilibrium position, resulting in persistent fluctuations. If a 
lesserr correlation was assumed, fluctuations vanish. A low speed of 
adjustmentt in the credit or labour market requires a high output-capital 
ratio,, to generate chaotic fluctuations. 

Anotherr potential source of (chaotic) fluctuations lies in the magnitude of 
thee coupling between sectors. The influence of these couplings depends 
stronglyy on the partial dynamics. When the coupling of markets does not 
leadd to chaotic fluctuations, a higher value of the coupling parameter will 
nott change this. 

Whenn the two levels of capital stock, necessary for equilibrium in the 
labour-goodss market (kn) and the credit market (kd) do deviate, the 
likelihoodd of irregular fluctuations rises. 
Thiss conclusion, however, depends on the relative strength of the market-
clearingg forces in each market. Simulations show that irregular and chaotic 
fluctuationss are possible for positive interest rates when equilibrium level 
off capital in the credit market is below that of the aggregate economy, which 
iss below the level required by the labour-goods market (kd<k*<kn). 

Thenn the possibility of 'money illusion' was introduced. The labour 
intensityy and the nominal wage rate were assumed to interact with each 
other.. Firms readjust their organisations, saving on 'overhead labour' as the 
nominall wage is high. When the nominal wages are sensitive to changes in 
employment,, this recursive relationship results in persistent fluctuations in 
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employment,, nominal wages and the price level, even as the capital stock is 
constant.. The changes in the labour intensity influence the demand for 
labour.. When there is a relationship between the wage share and the 
demandd for labour, the nominal cycle disturbs equilibrium in the real sector, 
soo the dynamics of the capital stock add to the nominal fluctuations. 

Simulationss show fluctuations, which are the result of a long wave in 
labourr intensity and a short wave, resulting from changes in the capital 
stock.. These interactions are also found in the inflation-employment 
relationship,, but (again) not representing a causal relationship, but a shared 
determinationn by the wage and utilisation dynamics. Chaos can occur, as 
seenn in the bifurcation diagrams, for both nominal and real reasons. The 
behaviourr of the aggregate economy can not -even in the long run- be used 
too derive conclusions on the behaviour of partial markets, but furthermore 
thee analyses of partial markets do not give enough information on the 
behaviourr of the total economy. 

Governmentt action was not explicitly modelled in this chapter because of 
thee complexity of the model. Some analyses were made, indicating that if 
thee government strives after objectives that are not compatible with the 
equilibriaa in the other markets, this does add to the possibility of the 
occurrencee of fluctuations in the aggregate economy. Furthermore, 
governmentt action requires an almost perfect knowledge of the economic 
mechanism,, the absence of Friedman's inside and outside lag and a 
paternalisticc view on the world. 

Thee main conclusion is that chaos can occur because of the interaction 
betweenn several stable sectors in the economy (credit market, labour market, 
goodss market, government). This is especially true as the existence of 
differentt markets increases the possibility of different requirements for local 
equilibrium.. Although price and quantity adjustments on the partial 
marketss move the markets towards their equilibrium position, the 
combinationn of these forces causes the economy to fluctuate. When these 
locall market mechanisms move in the same direction, this causes the 
economyy to 'overshoot' its equilibrium position. Even when the market-
forcess move in different directions, the dominant market causes the other 
marketss to be out of equilibrium (outweighing the local mechanisms) and 
thee aggregate economy will not arrive at its equilibrium position. Lastly, the 
generall equilibrium can be at a level of employment or credit, which is 
undesirablee from a 'social welfare' point of view. Careful government 
interventionss can increase social welfare in this situation. 

Severall extensions and versions of the model(s) developed in this chapter 
aree possible and desirable. The augmentation of other sectors or more 
realisticc features raise the complexity of the composed aggregate equilibrium 
capitall stock and increase the amount of coupling parameters. Both factors 
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raisee the potential instability as shown by the addition of the nominal wage 
determinationn in the analyses above. 
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Appendix x 

Inn section five some simulations were presented, coupling the monetary 
sectorr and the labour market The model consists of six equations: 

ii tt = i * +y(watkt -d) (6.A.1) 

wawatt =wa* +e(kt -n) (6.A.2) 

PtPt = It ' i1 + tit )waikt (6.A.3) 

qqtt=f*=f* tt (6.A.4) 

p]p] = 7Bit (6.A.5) 

K+i=KK+i=K ++ a(pt-P*t)a(pt-P*t) (6.A.6) 

Substitutingg (6.A.1) to (6.A.5) into (6.A.6) gives the dynamics of the model in 
termss of the capital stock: 

*mm = [1 + <K(1" *)P ~ («« * "«KI + X[i * -yd])}]k t 

-a(n(wa-a(n(wa * -en)2 + e(l + xU * "!**]))*? 

-2axey(wa-2axey(wa * -en)kf 

-axY£-axY£22kf kf 

(6.A.7) ) 

Thiss can be written as: 

ftftf+1f+1 = Jt([c - bit, - akf - dJtf
3] (6.A.8) 

With: : 

cc = [1 + a{(1 - w)j8 - {pa * -en){\ +  X[i  * -yd])}] 

bb = a{^yx{wa * -en)1 + e(\ + %\i * -yd]d^ 

aa = 2axey(wa * -en) 

dd = crxY£2 
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Substitutingg the assumptions in (6.5.1) gives for the parameters: 

cc = 1 + o0(l - n) 

aa = 0 

dd = oye =—-- — 
pn33 (! + #*) 

Sincee (6.A.7) and (6.A.8) are equations of fourth-order, it is complicated to 
solvee them explicitly for the equilibrium value of k, its maximum and the 
slopee at k*. When the parameters and k are assumed to be non-negative, it 
followss from (6.A.8) there is an interval at which it is a hump shaped 
function,, with a maximum and two intersections with the fcf-axis at k-0 and 
k=ko.k=ko. Equation (6.A.8) gives kt+\ as a combination of a third order function 
andd kt- From a third order equation the intersection with the x-axis can be 
determinedd by using the rules of Cardano (see Teller(1965, 22)). The rules of 
Cardanoo states, if a function has the form of: 

x33 + @x2 + $>x + Q 

Itt can be written as: 

v\ \ 
2 2 

V V 

<? ? 

rith: : 
e e 

== x + — 
3 3 

3 3 
22 3 

== — e-
27 7 

3 3 
Z Z 

<D D 

3 3 

++ pz + 

++ o. 

9 9 

Iff its determinant D is larger than zero, one real intersection exists: 

Z„„  = U + V 

Thee Business Cycle 



6.. Chaotic Fluctuations: Between Money and Labour 183 

With: : 

UU = 3|-I + VD 

Usingg these rules, it is possible to determine some of the characteristics of 
(6.A.8).. Firstly, the intersection of (6.A.8) with the kt-axis; ko can be 
calculated: : 

00 = [c - bit, - a*2 - dJt3 ] (6.A.9) 

Giving: : 
6 0 =a /d d 
<D0=b/d d 
flfl00=-c/d =-c/d 

Secondly,, the maximum, km follows from: 

^ -- = c-2bfc-3aJt2-4dJt3=0 (6.A.10) 
dkdkt t 

Givingg the transformation: 
em=3a/4d d 
<Dmm =2b/4d 
Q m = - c / 4 d d 

Lastly,, the intersection between (6.A.8) and the 45-degree line, at k* has to be 
determined.. This follows from: 

fc-(c-bit-ajtfc-(c-bit-ajt22-dJt-dJt33)fc)fc = 0 (6.A.11) 

Thiss leads to: 
6** = a/d 

4>** = b/d 

Q** = {l-c}/d 
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CHAPTERR 7 

SUMMAR YY  AND CONCLUSIONS 

"Even"Even when prosperity is restored, the prospects for poverty-vulnerable 
workersworkers are not promising. More of them are likely to be unemployed or 
notnot in the labour force than was true before 1980s" 
100111(1996,, 247) 

11 Introductio n 

Economicc fluctuations do exist, as is seen in chapter one. Not only is there a 
successionn of rising and falling GNP, but the changes in GNP coincide with 
severall real and monetary variables, giving support to the idea that there is 
aa set of economic relationships, which can be called the business cycle. 

InIn the general introduction the following four questions were stated. 
1.. Which theories have been put forward to explain fluctuations? 
2.2. Is it possible to use mathematical methods to model economic theories 
containingcontaining persistent irregular fluctuations? 
3.. Which assumptions are responsible for the occurrence of fluctuations? 
4.. Which is the influence of interdependency between different sectors on 
thethe dynamics of the aggregate economy? 
Eachh part of this study was devoted to answering one or more questions. 

Inn this chapter the answers are summarised and some conclusions are 
drawnn from the former analyses. 

22 Which theories are put forward to explain economic fluctuations 

Frisch(1933)'ss impulse-propagation mechanism was used to divide business 
cyclee theories in: 
1.. Real versus monetary approaches. 
2.. Exogenous versus endogenous approaches. 

Ann economy is characterised by a state vector, x, and a parameter vector, p. 
Thee dynamics can be described using a general function as in 
Azariadis(1993): : 

Theree seems to be a consensus among economists that the impulse {et+i), 
thee initial disturbance, can be both monetary and real in nature. A 
controversyy exists over the nature of the propagation mechanism. The 
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sourcee of instability can be the structure (f(xt, f^t)) of the monetary sector or 
thatt of the real sector. 

Gandalfo(1996)) reduces this controversy to the amount of variables xt and 
thee description of /if (the size of the model). The larger the model, the fewer 
exogenouss disturbances are observed (et+\ becomes a part off(xt, juf)). Yet, 
evenn when such a 'Grand Design' (xt+i=f(x t, fa), e^+i=0) exists, the 
controversyy over the stability of the economy is still relevant. Either the 
economyy moves, directly or in time, towards an equilibrium position after 
ann initial shock or fluctuations are inherent to the structure of the economy. 
Researchh in the first strand concentrates on the kind of impulse and the way 
thee impulse temporally disturbs the equilibrium, which is called the 
exogenouss approach. The second approach, called endogenous, ignores the 
originall impulse and concentrates on the structure of the economy as the 
causee of fluctuations. 

Vercellii and Dimitri(1992) distinguish two different approaches. Firstly, 
endogenouss fluctuations can be caused by insufficient co-ordination within 
aa market, based on the behaviour and decisions of the individuals acting 
withinn this market. The second approach states that even when all markets 
movee towards equilibrium, the aggregate economy can exhibit fluctuations 
ass there is no co-ordination between markets (also see Morishima(1992)). A 
combinationn is made by Goodwin(1947), who starts with two markets in 
whichh a lack of internal co-ordination causes the price and production 
withinn each market to fluctuate. He then analyses the effect that two 
fluctuatingg markets have on each other and on the economy as an aggregate. 
Hiss conclusion is that the resulting aggregate fluctuations differ substantially 
fromm those in the two markets. 

Thee classical economists assume stable growth to be the 'normal state' of the 
economy.. Fluctuations were seen as seasonal phenomena or as adjustments 
afterr an exogenous shock that temporary depresses the natural growth rate. 
Earlyy Keynesian multiplier-accelerator models were also labelled exogenous, 
becausee the occurrence of irregular persistent fluctuations in these models 
stilll depends on the appearance of irregular exogenous shocks. The research 
followingg the 'sunspots-approach' of Cass and Shell(1983), Azariadis and 
Guesnerie(1986)) and Azariadis(1993) concentrates on the impulse and can 
alsoo be labelled exogenous theories. 
Thee main modern representative of the exogenous business cycle theories is 
thee new classical approach, which can be divided in the imperfect 
informationn approach and the real business cycle approach. 

Endogenouss business cycle theories can be divided in: 
1.. real cycles, such as: 

a.. the maladjustment theories (Haberler(1939), Kalecki(1971)) 
b.. the predator prey models (Goodwin(1967)) 
c.. Keynesian cycles (Hicks(1950), Hommes(1991)) 
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2.. psychologically induced cycles 
3.. political induced cycles (Nordhaus(1975)) 
4.. monetary cycles, such as: 

a.. classical monetary cycles 
b.. monetary-real cycles (Hayek(1933)) 
c.. risk-aversion models (Greenwald and Stiglitz(1993)) 

Thee relationship between the business cycle and growth is ambiguous. On 
onee side, growth is seen as a source of exogenous business cycle fluctuations. 
Innovationss cause upward adjustments in production, employment and 
investment.. These adjustments can take the form of dampened or persistent 
fluctuations,fluctuations, depending on the propagation mechanism. When the 
fluctuationss are dampened, the appearance of persistent fluctuations 
dependss on the re-occurrence of new innovative investment (Aghion and 
Howitt(1998)).. On the other side, short-term fluctuations are seen as a source 
off long-term growth. The nature of this relationship is not clear. Question is 
whetherr upswings further innovations or whether growth is enhanced by 
depressions?? Van Ewijk(1994) takes an intermediary position: growth is 
slowedd down by large depressions, but stimulated by small downturns. 

Acceptingg the diversity of impulses, there are also many endogenous 
propagation-mechanismss possible. This can be (and often is) seen as the root 
off the controversies in macroeconomics. Yet, as shown in the conclusions of 
chapterr two, it is possible to derive a business cycle theory that combines 
mostt of the endogenous approaches as mentioned above. Psychological and 
politicall factors provide stimuli that cause an economy to leave its 
equilibriumm position. In the case of a downward adjustment, savings and 
investmentt will decline at different rates, causing horizontal and vertical 
maladjustments.. In the monetary sector, risks are assessed again and credits 
restricted.. Both developments influence the production negatively. The 
changess in the demand for labour can generate a predator-prey cycle. 
However,, when the interest rate, the wage rate and prices are adjusted, there 
iss reason for the government to intervene, whereas some new investment 
projectss become profitable, creating new optimism. Slowly, the economy 
willl recover until the different variables have risen so much that the 
deviationss between actual and desired levels give reason for the following 
decline. . 

Thee introduction of mathematical and econometric techniques in 
economicss also introduced a systematic way of analysing business cycles. Yet, 
thee need to solve a deterministic model, imposes restrictions on the 
businesss cycle which often cause the resulting economic model to exhibit 
dampenedd fluctuations. Only a few models generate regular endogenous 
fluctuationss (variations of the multiplier-accelerator model, predator-prey 
models).. These models are criticised because of the small range of 
parameterss for which persistent fluctuations appear. Within this range of 
parameters,, these fluctuations exhibit regularities both in periodicity and 
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amplitude,, which are not observed in empirically observed fluctuations. So, 
evenn these models rely on exogenous shocks to account for the observed 
asymmetryy in cycles. 

33 Chaos and the business cycle 

Partt two answers the following questions: 
IsIs it possible to use mathematical methods to model economic theories 
containingcontaining persistent irregular fluctuations? 
WhichWhich assumptions are responsible for the occurrence of fluctuations? 

Inn this section the conclusions with respect to chaotic dynamics, 
econometricss and chaos control from chapter three are given, followed by 
thee conclusions from the models analysed in chapter four. 

Too explain the erratic endogenous fluctuations, within a deterministic 
model,, chaos was introduced in economics. Chaos is a mathematical 
concept,, used to generate time series which are often difficult to distinguish 
fromm time series generated with exogenous irregular disturbances, but the 
chaoticc dynamics are endogenously determined. Chaos is characterised by 
continuouss movements within a stable boundary. The appearance of these 
fluctuationss depends on the occurrence of both repelling and contracting 
forces. . 

Thee models, which are most frequently used in economics, often generate 
irregularr cycles and chaos by using the so-called logistic equation. The 
characteristicss of this logistic equation or logistic map were demonstrated, 
usingg a simple tax-production model. The development of the dynamics of 
suchh a model (monotone and cyclical movement towards equilibrium, 
regularr cycles, irregular cycles, chaos, instability), depends on the evolution 
off a crucial parameter or a combination of crucial parameters. The 
relationshipp between these parameters and the occurrence of different kinds 
off dynamics is made visible by the usage of two methods: the bifurcation 
diagramm and Lyapunov characteristic exponents. These methods can be used 
too prove the existence of chaos, in the absence of thorough mathematical 
proof. . 

Econometrics Econometrics 
Becausee of the property of (true) chaos to resemble 'white noise' it is difficult 
too distinguish the cause of the fluctuations: exogenous erratic shocks or 
endogenouss deterministic mechanisms. Several econometric methods are 
developedd to prove the existence of chaos in time series. 
Largee data sets are necessary to distinguish endogenous chaos from 
exogenouss erratic disturbances. An additional problem in empirical work is 
thee disappearance of chaotic behaviour on a macroeconomic level (van 
Witteloostuijnn and van Lier(1990)) and the influence of errors and 
distortionss (van der Ploeg(1986), Kelsey(1988)). Given these problems, 
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empiricall work can not reject, but either can not confirm the existence of 
chaoss in economic data (see for example Scheinkman(1990), Grauwe, 
Dewachterr and Embrechts(1993), Dechert(1996) or Barnett(1996)). 

Thee dependency of the resulting time series on the initial value poses a 
seriouss problem for the econometric testing of chaos. Accurate 
measurementt is important: small deviations of the initial value of a 
variablee give large forecasting errors. The right structure can be rejected 
becausee of a small estimation error in the initial value. Furthermore, this 
characteristicc makes forecasting in such a model unreliable. It was shown 
thatt an estimation error of 0.01 of the initial value of the variable could lead 
too a totally different time path for a long period, even when the dynamics, 
inn time, reduces to a period-3 cycle. 

ChaosChaos and control 
Whenn a system behaves in a chaotic way, it can only be controlled if 
(interpretingg Ott, Greborgi and Yorke(1994)): 
-- the structure is known or can be approximated closely; 
-- there are no external disturbances (influence of noise is low); 
-- there are only a few variables involved. 

Translatingg these mathematical conclusions in economic terms, a chaotic 
economicc system can be controlled by: 
-- continuous intervention by discrete policies; 
-- changing the behaviour of the economic subjects, so the control parameter 
fallss within a stable corridor; 
-- changing the structure of the economy (removing the non-linearity). 

ChaoticChaotic economic models 
Ass stated before, chaos was introduced in economics to explain irregular 
economicc fluctuations. Different models were reviewed. By reducing the 
mathematicall properties (using the logistic equation), the behavioural 
assumptionss responsible for the occurrence of chaos were shown for the 
followingg models: 
1.. overlapping generation models, 
2.. models of imperfect markets , 
3.. financial models , 
4.. growth models. 

1.. In the overlapping generation models, chaos occurs because of the 
interactionn between utility and production. Intertemporal equilibrium 
requiress the actual and desired debt position of the successive generations to 
bee in equilibrium. Temporal equilibrium requires that present production is 
dividedd over the existing generations. Using the conditions on 
(inter)temporall equilibrium and the indirect utility function, it was shown 
thatt a negative relation between present debt and utility can cause chaotic 
fluctuationss if the reaction of the young generation to (expected) 

Thee Business Cycle 



7.. Summary and conclusions 190 0 

intertemporall price changes is strong enough. Medio and Negroni(1996) 
generalisedd this conclusion with respect to other classes of utility- and 
productionn functions. Two points of criticism are relevant for these kinds of 
models.. Firstly, as the conclusions depend strongly on the form of the 
differentt functions, these models are criticised because of their 'ad hoc' 
character.. Secondly, as each period in these overlapping generation models 
concernss half a lifetime, a cycle consisting of four periods equals (roughly) 
120-1600 years in real time. 

2.. Also in models of imperfect markets, chaos can occur. Using an oligopoly-
modell of Rand(1978), van Witteloostuijn and van Lier(1990) show chaotic 
fluctuationss to appear for different behaviour of the entering firm. Essential 
iss the 'sign switching' of the reaction function: the reaction of the former 
monopolistt depends on the level of supply of the entering firm. 
Thee stronger the reaction of the defending firm, the greater the chances of 
chaos.. The existence of more firms makes the analysis too complex. An 
intuitivee conclusion from the 'van Witteloostuijn-van Lier model' is that a 
risee in the number of firms present at the market will lessen the intensity 
withh which the current firms react to a new entrant. Monopoly or co
operationn is essential for the occurrence of chaos. 

3.. In financial models chaos occurred for different reasons. Analyses of the 
stockk markets show the importance of behaviour of different kinds of 
investors.. The formation of expectations towards future stock prices strongly 
influencess the dynamics of these prices. 

Thee interaction between the real and monetary sphere is another cause of 
fluctuations.. Chaos results because of the interaction between confidence 
(thee psychological state of mind of the banks and the producers) and the 
actuall loan-capital stock ratio (Franke and Semmler(1989)). In these kinds of 
models,, the expectations (or confidence) in the financial sphere influences 
thee production. A lack of confidence will act as a self-fulfilling prophecy 
whenn this leads to a tightening of credit constraints and so to a decline in 
productionn and a depression. Foley(1987) models this relationship in a 
differentt way. A rise in profitability will cause a disproportional rise in debt. 
Inn turn, the rise in debt and the accompanying rise in the rate of interest 
bringss about a contraction in profitability and a decline in production. Using 
thee logistic equation, it was shown that the interaction between financial 
factorss (such as credit restrictions and the rate of interest) and real factors 
(suchh as the rate of profitability and production) can be a source of 
endogenouss irregular and chaotic fluctuations. 

4.. Lastly, the Goodwin(1990) growth model was presented. Using the 
techniquee of the Rössler Band, Goodwin(1990) showed the appearance of 
chaoss in a variation of his 1967-model. Innovation, the impulse, was 
exogenouss in the Goodwin-model. A variant was developed which 
containedd endogenous innovations. Endogenous growth results because of: 
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1.. chaotic investment behaviour; 
2.. a dependency of the capital stock on the state of the labour market. 

Evenn in simple mathematical models using the logistic map, the different 
behaviourall assumptions, mentioned above, can cause an economy to 
exhibitt chaotic fluctuations. Both the lack of co-ordination within a market 
orr sector of the economy (consumer behaviour, imperfect markets, stock 
market)) and the lack of co-ordination between markets (consumption 
versuss production, financial versus product markets) can be the cause of 
persistentt economic fluctuations. Because of the empirical difficulties, it is 
troublesomee to establish the existence of chaos in actual time series. 
Althoughh results are mixed, the hypothesis of chaotic fluctuations can not 
bee rejected. 

44 Coupling and fluctuations 

Partt three concentrates on the influence of the interaction between markets 
onn the dynamics of the aggregate economy, to answer the question: Which is 
thethe influence of interdependence/ between different sectors on the dynamics 
ofof the aggregate economy? 

Thiss part follows Goodwin(1947), who analyses the influence of the price 
dynamicss of two goods: an intermediary good used for the production of the 
finall good. Morishima(1992) analyses the Japanese economy as a system 
consistingg of two sectors. Potentially, the lack of co-ordination between the 
bankingg system and the production sector is a source of instability. He sees 
"a"a visible collaboration between industrial and banking sectors" 
(Morishima(1992),, 110) as one of the major factors of the post-war growth of 
Japann and Germany. The models developed in part three contain aspects of 
Goodwin(1947),, Morishima(1992), but also elements of Foley(1987) and of 
thee monetary-real cycle of Hayek (1933), who both identify the relationship 
betweenn production, the funding of (working) capital and the behaviour of 
thee banks as sources of fluctuations. 

Twoo sectors are distinguished. A financial or monetary sector in which 
firmss demand funds to finance their working capital (the wage funds and 
thee costs of other inputs) and banks provide credits, backed by savings. 
Withinn the monetary sector, the rate of interest is determined. Production 
takess place using capital and labour. Within the second sector, the labour 
market,, the wage rate is determined. Because wages and the rate of interest 
influencee profits and so entry and investment, the two markets interact. 

Twoo situations are analysed. Firstly, the situation in which each market 
fluctuates.. In both markets, the participants exhibit predator-prey behaviour. 
Thee fluctuations in wages and the rate of interest cause the aggregate 
economyy to fluctuate. The second situation assumes the economic subjects 
too strive for equilibrium on each market. Depending on the behavioural 
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parameterss of each market and the coupling between those markets, the 
aggregatee economy will exhibit chaotic fluctuations. 

Predator-preyPredator-prey behaviour 
Modellingg the labour and money market as adjusted predator-prey models 
givess rise to quasi-periodic and periodic cycles, as was shown by the 
Lyapunovv characteristic exponents. 

Thee interest rate influences the labour market dynamics through its effect 
onn the rate of profit and so on the rate of utilisation. In turn, the rate of 
utilisationn determines the demand for funds in the credit market. Both 
marketss influence one another. It is not surprising that the coupling of two 
fluctuatingg sectors results in a fluctuating economy. 

Simulationss show fluctuations in the economy, influenced by the two-sided 
feedback,, to be unbounded. The government is assumed to supply bonds at a 
minimall interest rate, to avoid the savings and the interest rate becoming 
negative. . 
Thee aggregate economy displays persistent fluctuations. These fluctuations 
deviatee from those in the partial markets. The amplitude of the fluctuations 
risess in periods of co-movement of the variables, whereas it is moderated in 
thee following periods of conflicting dynamics in the two sectors. 

Thee periodicity of the cycle in each market plays an important role, as is also 
shownn in simulations. When the deviation between the periodicity of the 
cycless in the markets is sufficiently large, the observed relationships between 
thee prices of the factors of production (labour, funds) and between savings 
andd the rate of utilisation is the reverse of the theoretically expected 
correlations. . 

Short-termm government intervention affects only the short-term time path 
off production and inflation. When the economic system is unstable, the 
monetaryy authorities have to intervene, before the interest rate becomes 
negative.. The economy, then, returns to its long run fluctuations. Only by 
changingg the structure of the economy (intervening in the economic 
behaviourr of the market participants), government action is effective. 

Threee kinds of interventions were analysed. 

1.. partial policies: intervening in only one market. 
Thee interventions, which were analysed, were: 
-- a restriction on the level of the desired net credit creation, raising 
fluctuationsfluctuations in the credit market and so in the aggregate economy. 
-- a rise in the bargaining power of labour. This does not influence the 
equilibriumm level of employment. The effect on inflation depends on the 
periodicityy of the cycles in both markets. 
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-- setting the minimum interest rate at the desired interest rate, so the credit 
markett does not fluctuate. The fluctuations in the aggregate economy are 
equall to those in the labour market. 
-- a tax policy which reduces labour costs. This increases employment 
withoutt influencing the fluctuations in the aggregate economy. 

Whenn fluctuations in one market become smaller, the influence of this 
markett on the fluctuations in the other market becomes less. The aggregate 
economyy fluctuates less. 

2.. shifting markets: intervening in one market, but with an effect on the 
parameterss in the other market. 
AA rise in the equilibrium level of the interest rate, demanded by the savers, 
raisess fluctuations in the credit market, because net credit creation rises. The 
risee in the level of the interest rate depresses the demand for credit because 
thee costs of production rise. Inflation rises and employment declines, 
whereass the fluctuations in the aggregate economy rise. 

3.. integrated policies: changing conditions in both markets. 
Thee government can support the rate of profit by providing a subsidy, which 
iss financed by creating money. This subsidy influences both markets. Firstly, 
itt lowers the desired profit rate, stimulating utilisation. Secondly, the rise in 
thee money supply raises the liquidity of the firms. Because of the rise in 
liquidity,, the demand for funds is reduced, thereby reducing the equilibrium 
levell of savings. Both the desired rate of profit and the interest rate decline. 
Employmentt rises and inflation declines. 

Theoreticallyy and on average there is a negative correlation between 
inflationn and employment: when utilisation increases, this raises supply. 
Becausee demand partly depends on utilisation in the former period, 
demandd rises less than supply. This lowers inflation, whereas the rise in 
presentt utilisation raises employment. 

Whenn inflation and employment are calculated using simulations, there 
appearss to be a positive relationship, confirming the empirical positive 
correlationn of the Phillipscurve. This positive correlation is caused by 
continuouss shifts in the underlying inflation-employment relationship, as 
thee parameters of the inflation-employment relationship depend on the 
savingss rate and the wage share. Only when the cycles in the partial markets 
aree synchronised, the theoretical negative relationship re-appears in the 
simulations. . 

Thee dynamics in inflation and employment have a common cause, but 
theree is no causal relationship between both variables. The government can 
nott exploit the seeming correlation between inflation and employment. A 
higherr level of inflation will not cause employment to rise. As seen above, 
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itt is possible to raise employment but the effect on inflation depends on the 
actionn chosen and the periodicity of the cycles in each market. 

LinearLinear behaviour 
Thee assumed non-linear predator-prey behaviour in both markets is 
responsiblee for the occurrence of cycles. The appearance of fluctuations in 
thee aggregate economy is, therefore, no surprise. 

Inn chapter six it is assumed that the participants in both markets behave in a 
'linear'' way. Using partial models of the credit market-production economy 
andd the labour market-production economy it was shown that (irregular) 
fluctuationss only appear when there is either a high adjusted capital 
productivityy or a high credit-wage share ratio. When the magnitude of the 
behaviourall parameters is such that irregular and chaotic fluctuations occur 
inn the partial models, either a negative interest rate (in the credit market-
productionn economy) or a negative wage share (in the labour market-
productionn economy) has to be accepted. By choosing intuitive plausible 
parameters,, each partial model will move towards its equilibrium position. 
Thee economy does not exhibit fluctuations because of the behaviour on the 
independentt markets, in contrast to the situation in which two predator-
preyy markets were coupled. 

However,, the aggregate economy will exhibit persistent irregular 
fluctuationss when the markets interact with each other through the profit 
ratee and capital accumulation. The occurrence of the fluctuations has three 
sources: : 

a.a. the behaviour on partial markets 
Thee first source of chaos originates in the behaviour of the economic 
subjects.. As stated before, the reaction parameters on each market are 
boundedd above to ensure a positive wage share and interest rate. In the case 
off partial analyses, these parameters are such that they result in a stable 
markett equilibrium (variables return towards their equilibrium value after 
aa distortion). 
Whenn the equilibrating forces are strong, the dynamics on the labour 
markett and the money market both push the profit rate towards its 
equilibriumm value. The profit rate will overshoot this equilibrium level, 
resultingg in persistent fluctuations. 

b.b. the coupling between markets 
Thee second factor is concerned with the magnitude of the parameters 
determiningg the coupling: the profit-investment ratio and the credit-wage 
sharee ratio. Using bifurcation diagrams and simulations, it is shown that the 
influencee of the coupling depends on the behaviour in the partial markets. 
Iff the combination of partial behaviour gives rise to fluctuations, a higher 
couplingg parameter enhances the possible occurrence of chaotic fluctuations. 
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Whenn the behavioural parameters rule out fluctuations, the coupling 
parameterss can not generate fluctuations. 

Thee coupling of the markets is a necessary, but not sufficient condition for 
thee occurrence of fluctuations. 

c.c. market equilibria 
Thee equilibria in each market (the credit market and the labour-production 
market)) can be characterised by the capital stock necessary for the market to 
clear.. There is no mechanism that guarantees the two markets to clear at the 
samee level of capital stock. The capital stock, necessary for general 
equilibrium,, will be between the two capital stocks necessary for equilibrium 
onn the markets. This potential discrepancy between the capital stocks 
necessaryy for the equilibrium on each market and the aggregate equilibrium 
iss another possible source of fluctuations. 

Usingg simulations several situations were analysed. It was shown that when 
thee capital stock required by the money market equilibrium was above the 
capitall stock required by the labour market equilibrium chaos appears for 
valuess of the parameters below those parameter values necessary for 
positivee rewards. When the capital stock required by the money market 
equilibriumm was below the capital stock required by the labour market 
equilibrium,, chaos could not appear. This shows that the aggregate 
dynamicss depend on the relative magnitude of both equilibrium levels of 
thee capital stock. 

Thee dynamics of the aggregate economy can not be derived from research of 
thee behaviour on the independent partial markets. When the coupling is 
ignored,, dynamic analyses of the partial models show, for realistic 
parameters,, a strong movement towards the market-clearing level of the 
capitall stock. Only when the coupling is taken into account, irregular and 
chaoticc fluctuations can occur. 

TheThe inflation-employment relation 
Too derive an inflation-employment relationship for this model, additional 
assumptionss have to be made. The confrontation between nominal demand 
andd real supply is assumed to determine the price level, whereas the labour 
intensityy and the capital stock determine employment. 

Thee reaction of the demand for labour to the nominal wage rate results in 
fluctuationsfluctuations in the labour market. In turn, the changes in the labour 
intensityy influence the reaction of the capital stock to disequilibrium. 

Thesee assumptions will result in a long wave in the labour intensity. This 
longg wave is disturbed by short-term fluctuations, caused by the 
equilibrium-seekingg adjustments in the capital stock. 
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Duringg the long-term upswing, production is more labour extensive causing 
thee capital stock to move towards its equilibrium value. When the economy 
approachess its equilibrium position, the labour intensity increases, which 
causess the labour market to 'overshoot' its real equilibrium wage rate. The 
labourr intensity rises further and the profit share declines drastically. 

Thee recovery in the nominal sector takes more time because of the assumed 
lagg between the capital stock adjustments and the nominal wage rate. The 
long-termm wave moves the capital stock away from its equilibrium position 
duringg the downswing and the labour intensity rises, so adjustments 
becomee more hectic. The resulting dynamics show an asymmetric cycle: a 
smoothh upswing followed by a distorted downswing: short-term 
fluctuationss are mild during a long-term boom, whereas the fluctuations 
duringg the long-term downswing are chaotic. 

GovernmentGovernment policies 
Governmentt policy was not treated explicitly because of the complexity of 
thee model. Some intuitive conclusions can be reached when it is assumed 
thatt the equilibrium level of the capital stock in the government sector 
differss from that necessary for equilibrium in the labour and money market. 
Thee equilibrium stock of capital for the government sector depends on the 
objectivess of politicians or bureaucrats, for example the level of capital that 
resultss in full employment or a minimal level of inflation. The 
governmentt interventions will add an additional disturbing force to the 
economy.. As the labour and money market move the economy towards 
theirr equilibrium level of the capital stock, the government will try to 
influencee the aggregate outcome by their tax policies. This will be even more 
disturbingg when the government behaviour can be described by a 
Nordhaus(1975)-likee political business cycle. As before, the feedback 
mechanismss can result in persistent (chaotic) fluctuations. 

Concluding,, it was shown that: 
1.. even when behaviour on the partial markets can be represented by linear 
behaviourall equations, for which the partial markets move towards a 
market-clearingg equilibrium, the coupling can cause the economy to exhibit 
persistentt (chaotic) fluctuations. 
2.. the fluctuations in the aggregate economy can deviate substantially from 
thee fluctuations which are expected of analyses of the partial markets. 
3.. it is not the deliberate usage of market power of one of the economic 

agentss or the lack of information on the part of the market participants 
whichh causes the economy to fluctuate. It is the lack of co-ordination, the 
incompatibilityy of equilibria on different markets and the equilibrating 
behaviourr that causes the occurrence of chaotic fluctuations. 
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55 Final conclusions 

Inn this thesis a review was given of theories, giving an explanation for the 
occurrencee of endogenous economic fluctuations. The major causes of these 
fluctuationss were found in: 
-thee relation between the interest rate, savings/credits and the behaviour of 
thee banks; 
-thee conflict over income (profits versus wages) between workers and 
entrepreneurs; ; 
-thee decisions on investment and production, within firms, based on prices 
andd costs; 
-thee behaviour of non-economic groups, such as politicians, who have a 
stakee in the performance of the economy and the possibilities to influence 
thee behaviour of the other stakeholders; 
-thee psychological factors governing economic behaviour. 

Chaoss was introduced as a way to model persistent irregular fluctuations. 
Whetherr actual economic fluctuations are determined by chaos is still an 
openn question. Due to the empirical problems, this hypothesis can be 
neitherr confirmed nor rejected. To control chaotic economic systems, there 
aree three methods: 
a.. a variable is monitored continuously and corrected through discrete 
actionss to keep it within certain stable boundaries; 
b.. the control parameter(s) is (are) adjusted so the model is kept within the 
stablee boundaries, for example by using an automatic stabiliser; 
c.. the crucial non-linearity within the system is removed, by permanently 
changingg the behaviour responsible for the non-linearity. 

Generally,, in economics, interventions involve interfering in the 
behaviourr of the economic agents, which is subjected to large uncertainties. 
Thesee methods of control demand a large amount of knowledge of the 
system,, as a chaotic system has its specific empirical problems. The first 
methodd requires knowledge of the magnitude of the 'stable' boundaries. 
Correctionss that are too small are ineffective, corrections which are too large 
causee the variable to enter the unstable corridor. For the second method 
knowledgee is required of: 
-- the parameters which are the control parameters and 
-- the actual and desired magnitude of these parameters. 
Removingg non-linearities demands not only a considerable understanding 
off the structure of the economy, but also a major influence regarding its 
functioning. . 

Thee models developed in the last part are based on the first three causes 
mentionedd above and concentrate on the influence of a coupling between 
thee monetary sector and the labour market on aggregate economic 
fluctuations.. Both models show that the aggregate fluctuations, resulting 
fromm the coupling of markets, deviate from the fluctuations in the 
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independentt markets. The synchronisation of cycles in the individual 
marketss was shown to be of major importance. 

Givenn the complexity of the economy, with many markets, each clearing at 
anotherr level of capital and in the presence of equilibrium searching 
behaviour,, the possibility of chaotic economic fluctuations is evident. Taken 
thee empirical enigmas, information on the actual state and structure of the 
economyy is difficult to reveal. So, fluctuations are inherent to the free 
market-orientedd way of production. Even when the political business cycle 
iss ignored, the potentiality of stabilising policies is only modest. Prosperity 
andd depressions are, and will remain, part of economic life. 
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Dutchh summary 

Hett onderwerp van dit proefschrift zijn economische fluctuaties. Al zolang 
economischee data worden geregistreerd worden op- en neergangen in 
economischee variabelen waargenomen. Voor- en tegenspoed wisselen 
elkaarr af, fortuinen zijn gemaakt en verloren. Perioden van hoge 
werkgelegenheidd en welvaart worden afgewisseld met perioden van 
werkloosheidd en armoede. 

Dee economische theorievorming is zich pas vanaf het eind van de 
negentiendee eeuw bezig gaan houden met de relatie tussen periodes van 
stagnatiee en groei. In hoofdstuk twee worden deze conjunctuurtheorieën 
verdeeldd met behulp van het onderscheid tussen de impuls, de initiële 
schok,, en het propagatie-mechanisme, dat verantwoordelijk is voor de 
gevolgenn die deze schok heeft voor de dynamiek van de economie 
(Frisch(1933)).. De verdeling vindt plaats naar de aard van de impuls 
(monetairr of reëel) en het propagatie-mechanisme (eveneens monetair of 
reëel).. Belangrijker dan deze verdeling is de controverse over de mate 
waarinn de economische fluctuaties endogeen of exogeen zijn. Met andere 
woordenn zijn economische fluctuaties een blijvend fenomeen, veroorzaakt 
doorr relaties binnen het economische systeem (endogene benadering) of 
tijdelijkee aanpassingen na een initiële verstoring (exogene benadering). Het 
verschill tussen de endogene en de exogene benadering is terug te vinden in 
theoretischh en empirisch onderzoek. De exogene benadering analyseert de 
initiëlee verstoringen die de oorzaak zijn van economische veranderingen 
enn de weg naar het oude of een nieuw evenwichtssituatie. Deze 
aanpassingenn kunnen de vorm aannemen van gedempte fluctuaties. De 
endogenee benadering legt de nadruk op de economische relaties die 
endogenee fluctuaties veroorzaken. Deze fluctuaties worden beïnvloed door 
(exogene)) verstoringen. Deze analyses leidden tot verschillende conclusies 
voorr de effectiviteit en wenselijkheid van overheidsingrijpen. De visies 
variërenn van niet kunnen en mogen ingrijpen tot een actieve rol voor de 
overheid. . 

Inn hoofdstuk twee worden de verschillende conjunctuurtheorieën 
behandeld.. Hier worden de volgende propagatie-mechanismen 
onderscheiden: : 
-- Monetair mechanismen: het gedrag van banken, spaarders en 
ondernemingenn bepalen de prijzen en de (reële) rente. Hierdoor kunnen 
puurr monetaire, maar ook reële cycli ontstaan. 
-- Reële mechanismen: de temporele en intertemporele verdeling van het 
inkomenn over de verschillende categorieën als de consumptie als de 
investeringenn kunnen onevenwichtigheden veroorzaken die cycli tot 
gevolgg hebben. Daarnaast ontstaan door de "time to build", de vertraging 
tussenn het bestellen en de levering van investeringsgoederen, 
onevenwichtighedenn tussen de productiecapaciteit en de gewenste 
productie,, wat tot investeringscycli kan leidden. 
-- Psychologische mechanismen: het geloof in een (onverwachte) op- of 
neergangg kan economische fluctuaties tot gevolg hebben. Naast 
verwachtingenn speelt de mate waarin informatie correct is en de houding 
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tenn opzichte van (beleggings-) risico's een rol bij het tot stand komen van 
economischee cycli. 
-- Politieke mechanismen: de wens om herkozen te worden kan, afhankelijk 
vann de onderliggende structuur, economische fluctuaties tot gevolg hebben. 

Dezee verschillende mechanismen verklaren binnen de behandelde 
theorieënn het optreden van economische fluctuaties. In de complexe 
realiteitt zullen meerdere mechanismen een rol spelen en kunnen zij elkaar 
onderlingg beïnvloeden. 

Dee vraag blijft of de economische fluctuaties, volgend uit bovenstaande 
mechanismen,, gedempte fluctuaties zijn, veroorzaakt door exogene 
oorzakenn of deel uitmaken van de economische structuur (endogene 
benadering).. Met name de wiskundige uitwerking van de verschillende 
conjunctuurtheorieënn leidde tot de conclusie dat deze cycli gekenmerkt 
werdenn door regelmatige fluctuaties, die alleen optraden voor speciale 
waardenn van de parameters. Deze regelmaat, en ook de specifieke waarde 
vann de parameters worden in de realiteit niet waargenomen. De conclusie 
vann mathematische economen als Frisch(1933) was dan ook dat 
economischee fluctuaties in de afwezigheid van nieuwe verstoringen op 
termijnn verdwijnen. De blijvende fluctuaties in de economische data 
wordenn dan veroorzaakt door een combinatie van exogene verstoringen en 
economischee starheden die onmiddellijke aanpassingen beletten. 

Hoofdstukk drie introduceert de chaotische dynamiek. Chaos is een 
wiskundigg concept dat oorspronkelijk als puur wiskundig fenomeen werd 
uitgewerkt.. Het gaat hierbij om een structuur die na een verstoring 
blijvendee fluctuaties vertoond die vaak niet van "witte ruis" te 
onderscheidenn zijn. Aan de hand van een simpel productie-belastingmodel 
wordenn de belangrijkste kenmerken van chaos geïntroduceerd. Afhankelijk 
vann de parameters worden verschillende soorten dynamiek waargenomen: 
monotonee beweging naar het evenwicht, regelmatige periodieke cycli of 
chaos.. In het speciale geval van de logistieke vergelijking laten Li en 
Yorke(1975)) zien dat als een periode-3 cyclus optreed, ook chaos tot de 
mogelijkhedenn behoort. Om de verschillende soorten dynamiek zichtbaar te 
makenn wordt gebruik gemaakt van de zogenoemde bifurcatiediagrammen 
enn Lyapunov karakteristieke exponenten. 

Empirischh onderzoek laat zien dat het optreden van chaos in economische 
dataa niet kan worden verworpen, maar ook niet eenduidig worden 
bewezen.. Problemen die zich voordoen zijn: 
-- het feit dat "chaotische data" moeilijk van "witte ruis" te onderscheiden is; 
-- de noodzaak voor lange tijdseries; 
-- de accuratesse van de metingen, gezien de gevoeligheid van chaotische 
systemenn voor de beginwaarde van de variabelen; 
-- de aanwezigheid van verstoringen en "ruis" in de data; 
-- micro-economisch chaotisch gedrag hoeft niet zichtbaar te zijn in de 
macro-economischee data. 
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Alss de economie kan worden voorgesteld als een chaotisch systeem zijn de 
mogelijkhedenn om de economie te beïnvloeden in te delen in drie 
categorieën.. Alle drie manieren van ingrijpen vereisen een gedegen kennis 
vann de huidige en de gewenste situatie en van de structuur van de 
economie. . 

Inn de eerste plaats kan de te beïnvloeden variabele continu worden 
bijgestuurdd (discreet economisch beleid). De overheid probeert via kleine 
aanpassingenn in het beleid de doelvariabele (werkloosheid, inflatie) richting 
gewenstee waarde te bewegen. In de tweede plaats kan de parameter die 
verantwoordelijkk is voor het optreden van chaos terug gebracht worden tot 
eenn waarde waarvoor de economie stabiel is (gedragsbeïnvloeding). De 
privatee sector bepaalt zelf de activiteiten, maar via beïnvloeding wordt 
geprobeerdd het gedrag van de private sector in overeenstemming te brengen 
mett de doelstellingen van de overheid. 
Tenslottee kan de structuur van de economie dusdanig worden gewijzigd dat 
dee verantwoordelijke non lineariteit wordt verwijderd (structurele 
wijzigingen).. Via direct ingrijpen (bijvoorbeeld economische wetgeving) 
wordtt het gedrag van de economische subjecten dusdanig veranderd dat het 
mechanismee verantwoordelijk voor de fluctuaties verdwijnt. 

Inn hoofdstuk vier worden de conclusies uit hoofdstuk drie gebruikt om een 
aantall economisch modellen die chaotische fluctuaties genereren te 
analyseren.. Dit zijn: 
a)) Overlappende generatie modellen: chaos hangt af van een negatieve 
relatiee tussen de rente en de besparingen, van een sterke complementariteit 
tussenn arbeid en kapitaal of van de intertemporele substitutie van 
consumptiee over de verschillende perioden, afhankelijk van het soort 
modell dat wordt gebruikt. 
b)) Imperfecte concurrentie: afhankelijk van de gedragsveronderstellingen 
kann de economie chaotische fluctuaties vertonen door de oligopolische 
marktstructuur. . 
c)) Financiële markten: hierbij wordt onderscheid gemaakt tussen modellen 
diee chaotische fluctuaties in de aandelenmarkten verklaren door het gedrag 
vann verschillende soorten beleggers en modellen die fluctuaties in 
productiee verklaren uit de interactie tussen de monetaire en reële sector. 
d)) Groei: de verspreiding van een innovatie via de logistische vergelijking 
kann chaotische fluctuaties tot gevolg hebben. 

Dee laatste twee hoofdstukken, vijf en zes, behandelen een economie waarin 
dee markten elkaar beïnvloeden. In de monetaire sector wordt de rentevoet 
bepaaldd door de spanning tussen de vraag naar kredieten en het aanbod van 
besparingen.. Op de arbeidsmarkt wordt het loon(aandeel) bepaald door de 
vraagg naar en het aanbod van arbeid. De productiekosten (lonen en rente) 
bepalenn de feitelijke winstvoet op de goederenmarkt. Deze bepaalt het 
toekomstigee aanbod van goederen en daarmee de vraag naar krediet en de 
vraagg naar arbeid. 

Inn hoofdstuk vijf wordt verondersteld dat op beide markten onafhankelijk 
vann elkaar cycli ontstaan: een spaar-rente cyclus in de monetaire sector, een 
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Ioon-bezettingsgraadd cyclus in de arbeidsmarkt. Door de wederzijdse 
beïnvloedingg (of koppeling in de terminologie van Goodwin(1947)) 
ontstaann op nationaal niveau cycli in productie, werkgelegenheid en 
inflatie.. Deze nationale fluctuaties wijken af van zowel de marktfluctuaties 
diee resulteren als de markten onafhankelijk van elkaar fluctueren als van 
dee theoretisch verwachte correlaties. Deze laatste observatie is afhankelijk 
vann de verschillen in amplitude en periodiciteit van de afzonderlijke cycli. 
Naarmatee de onafhankelijke cycli meer aan elkaar gelijk zijn, zullen de 
nationalee fluctuaties zich conformeren aan de theoretische correlaties. 
Hetzelfdee geldt voor de inflatie-werkgelegenheidscurve. Op basis van het 
modell wordt een negatief verband verwacht tussen inflatie en 
werkgelegenheid:: een toename in de productie doet het aanbod (en de vraag 
naarr arbeid) sneller stijgen dan de vraag naar goederen. De simulaties laten 
echterr een positief verband zien. Dit wordt veroorzaakt door het 
verschuivenn van de parameters, die afhankelijk zijn van variabelen in uit 
dee voorafgaande periode. Alleen als de periodiciteit van de onafhankelijke 
cyclii in beide markten nagenoeg gelijk is, wordt de positieve correlatie 
hersteld. . 

Inn hoofdstuk zes wordt ook verondersteld dat de rente door de banken 
bepaaldd wordt, op basis van de spanning tussen de vraag naar krediet en de 
aanwezigee spaargelden. Op de arbeidsmarkt wordt het loon bepaald door de 
vraagg naar en het aanbod van arbeid. In tegenstelling tot in het 
voorafgaandee hoofdstuk wordt hier aannemelijk gemaakt dat de markten 
opp zichzelf geen fluctuaties vertonen. Als sprake is van wederzijdse 
beïnvloedingg zal sprake zijn van chaotische fluctuaties. Het blijkt dat het 
optredenn van chaos onafhankelijk is van de omvang van de 
koppelingsparameter:: koppeling van de markten is een noodzakelijke 
voorwaarde,, maar niet voldoende. Op de individuele markten moet sprake 
zijnn van een sterke tendens naar evenwicht. 
Naastt de tendens naar evenwicht op de afzonderlijke markten kan chaos 
ookk ontstaan omdat de afzonderlijke markten ieder streven naar een eigen 
evenwichtssituatie,, die afwijkt van het nationale evenwichtsniveau. 

Inn beide gevallen kan de overheid de fluctuaties beïnvloeden, maar dit zal 
alleenn een blijvend effect hebben als de structuur van de economie 
(beïnvloedingg gedrag, automatische stabilisator) wijzigt. Het gevaar bestaat 
echterr dat als de overheid eigen doelstellingen nastreeft, die niet in 
overeenstemmingg zijn met de algemene evenwichtssituatie van de 
economie,, dit ingrijpen een extra destabiliserende invloed heeft. 

Inn het algemeen kan gesteld worden dat economische fluctuaties ontstaan 
doorr het streven naar evenwicht in de verschillende sectoren van de 
economiee (evenwicht op de geldmarkt, de arbeidsmarkt, politieke 
doelstellingen,, buitenlandse invloeden). Juist door de grote mate waarin de 
economischee subjecten op de verschillende markten in overeenstemming 
zijnn over het te bereiken partiële evenwicht destabiliseert de economie als 
geheel. . 
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