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1. Abstract 
This paper suggests the application of multi-dimensional graphs in the study of business 

cycles in the context of chaos theory. The alternative multidimensional graphic method 

used is known as the Kite-Cartesian space (Ruiz, 2006). The Kite-Cartesian space is an 

alternative analytical tool for observing changes in the behavior of business cycles from a 

multi-dimensional perspective. We apply the Kite-Cartesian analysis to assess U.S. 

business cycles from 1940 to 2005 by trimester. The Kite-Cartesian approach provides 

optical “snapshots“ of the national income make-up at any one point in time, thus 

revolutionizing existing methods of visualization. 
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2. Chaos Theory and Business Cycles 
In recent years economists have used the technique of non-linear dynamics 

modeling and multi-dimensional graphs (3-D) to show apparently erratic and turbulent 

economic phenomena. How are chaotic dynamics related to economic models of 

equilibrium? How can empirical methods be used to detect nonlinearities and cyclical or 

chaotic structures in economic models? In examining these issues, this paper discusses 

significant work that has been done to date in economics-based chaos theory.   

Initially, we need to define the concept of chaos: According to Nagashima and 

Baba (1992) chaos is a state without order or a totally disorganized state, in contrast with 

an ordered state. For Edward Lorenz (1998) chaos is the absence of some kind of order 

that ought to the present. The core idea presented here is that the study of business cycles 

should encompass more than one isolated linear equation and to conceptually go beyond 

2-D graphical analysis revolving around one specific economic problem.  

 

We can observe the application of chaos theory to business cycles in the current 

literature. Using non-linear equations, random data analysis and graphs in 2-Dimensional 

and 3-Dimensional format, chaos theory is applied in the visualization of different 

scenarios. These utilize control and non-control parametric standard analysis under a 

dynamical system. The general system is one with a slight amount of randomness, 

provided that the qualitative behavior is not appreciably altered should the randomness be 

removed.  

 

It is suggested that business cycles in the context of chaos theory can be studied 

using on of three different approaches: the butterfly theory, turbulence theory or multi-



 3

dimensional graphical method or Econographicology (Ruiz, 2007). In this part of our 

research it is important to mention that work on chaos theory based on the random data 

analysis approach may be grouped into two large areas of study: real data and forecasting 

data.  

 

Firstly, historical data reveals different stages of the business cycles under 

different scenarios. Secondly, it is the unpredictability of business cycles that indicate 

possible chaos.  

Many of the fundamental concepts in the behavior of real data or forecasting data 

in business cycles can be represented by graphs. However these graphs are not always 

plots of values of a single variable against values of another. Often we are interested in 

the simultaneous values of several variables that actually require graphs in more than two 

dimensions. We can observe that the classic 2-D graph used to represent business cycles 

is inadequate in most chaos simulations. Nevertheless, most economists do not find 

curves in four dimensional spaces particularly easy to visualize. We would like to suggest 

the use of Econographicology in the study of business cycles in the context of chaos 

theory. Econographicology offers a different type of Cartesian space to demonstrate 

chaotic patterns. Econographicology is defined as a multi-dimensional graphical method 

to facilitate meta-database storage and multi-variable data behavior visualization. It stems 

from the necessity to generate an alternative and specialized multidimensional graphical 

method for economics, business and finance. Therefore, Econographicology is aimed at 

maximizing the use of multi-dimensional graphs in order to minimize difficulties in the 
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visualization of random and meta-database storage and multi-variable data behavior. The 

new Cartesian space comprises of Multi-Dimensional Cartesian coordinates systems 

under linear and non-linear systems. In our research we consider the application of the 

Kite Cartesian Space. These Cartesian Spaces are constructed based on the traditional 3-

D space concept, but they represent 5-D. The multiple-dimension representations are to 

facilitate an easier understanding of chaos in business cycles. 

Based on our analysis of the literature in the application of chaos in business 

cycles, several pertinent points may be noted. Application of non-linear equations and 2-

D graphs comprised 70% of cases, while linear equations were observed in the 

application of chaos under control in 30% of cases. The common models used to measure 

business cycles based on chaos theory include the elasticity approach (ex-ante), general 

equilibrium models (ex-ante), import demand regression approach (ex-ante), growth 

simulation and other regression approaches (ex-post), general equilibrium or dynamic 

models analysis are applied in 80% of cases ( Source, year ).  

In the last 25 years, many economists have applied chaos theory to  business cycle 

models in studying general economic behave. These different applications of chaos 

theory have significantly contributed to the study of business cycles. A large part of this 

type of work comprise GDP cross-country comparative studies to explain the link 

between recession and growth.  Many of these studies are sensitive to initial conditions 

and certain initial conditions specified may be less realistic.   

 



 5

In the applying chaos theory to  the study of business cycles , many economists 

have assumed that the economy has an equilibrium state, and that it would settle down to 

this state, without disturbances such as business cycles, if only we would stop interfering 

with the system, in short, if it were not subjected to variable forces. What some chaos 

analysts are now proposing is that, as a dynamical system, the economy is chaotic, and 

business cycles, at irregular intervals, are inevitable. Meddling might even suppress 

rather than produce cycles, but more likely it would simply shorten some recessions and 

lengthening others.  

 

In a nutshell, this research maintains that the application of chaos theory to 

business cycles faces limitations in studying the effects of multi-variables using standard 

graphical approaches which represent merely one part of the complicated puzzle which is 

chaos. On this account, this study further maintains that the study of chaos in business 

cycles requires a multi-dimensional analysis (both mathematical and graphical).  We 

suggest the introduction of the Kite-Cartesian space to apply chaos theory to the study of 

business cycles.  The Kite-Cartesian Space offers a multi-dimensional view of business 

cycles.  

 

3. Kite Cartesian Space  

The Kite Cartesian space (See Ruiz, 2005) consists of five axes ([X1:i, X2:i, 

X3:i, X4:i], Yi). The quadrant represented by “j” can be 1, 2, 3 or 4 and the axis value is any 

number from 0 to ∞. The Kite Cartesian space represents four independent variables 

“X1:i”, ”X2:i”, “X3:i” and “X4:i” and one dependent variable “Yi” respectively. Each “Xj:i” 
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variable (X1:i, X2:i, X3:i, X4:i) and “Yi” variable has its individual axis which is a vertical 

line with both positive and negative range. The positive and negative values are 

represented by ([(X1:i  or  -X1:i), (X2:i  or  -X2:i), (X3:i  or -X3:i) (X4:i or -X4:i)], (Yi or -Yi)] on the 

Kite Cartesian space (See figure 1 and 2).   

 

Here it is extremely important to think “outside of the box” and not to 

constrain the vertical axis to the representation of only the standard Y variable. The key 

argument is that we must necessarily work within a 3-dimensional system yet attempt to 

represent multidimensional structures. What this system posits is that the x-axes are also 

represented by vertical lines that stand upright at some point along the horizontal spokes 

(similar to the spokes of an imaginary horizontal wheel). Given a particular xi value, the 

point in question will be positioned at a distance ! xi ! either above or below the 

horizontal plane depending on whether x is positive or negative. We suggest that the 

given x-vertical line be placed at a distance ! xi ! from the core- Y axis. 

 

Representing the dependent variable, the fifth axis, “Yi” is positioned in the 

center of the graph (among the other four axes). “Yi” has a positive range and negative 

range. It is the convergent point of all the other four spokes (X1:i, X2:i, X3:i and X4:i). In 

other words, all “Xj:i” spokes converge at the “Yi” axis. The result is a figure represented 

by a structure with 5 vertices. The function to be used by the Kite-Cartesian space is 

equal to Yi = ƒ(Xj:i), where X j:i < +∞ and -∞ < Yi < +∞. 
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Figure 1 
       The Kite Cartesian Space (Kite-Cartesian Space) 

 

 
                                                           

Figure 2 

The Kite Cartesian Space (Kite-Cartesian Space) Plotting Example 

 
Source: Econographication Virtual Laboratory (EVL), 2007 

 

Positive 

Negative 
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4.  Application of the Kite Cartesian plane 
 
 In this study, the concept of Kite Cartesian space is applied to the analysis of the national 

income “Y” accounts which stems from four broad categories of spending. In particular, the GDP 

is the sum of consumption, investment, government and net trade, represented by “C = X1”, “I = 

X2”, “G = X3” and “NT = (X-M) = X4” respectively in the expressions below. In Figure 1, these 

four broad categories of spending of GDP are independent variables represented by X1, X2, X3 

and X4 respectively, while the national income is represented by “Y”. For demonstration 

purposes, the following data are used: U.S. consumption (C); investment (I); government (G); net 

trade (X-M) from 1940 to 2005 by trimester (see Figure 3). Steps involved in the application of 

Kite Cartesian space are as follows. 

 
First step - to define national income: Expression (1)  
 

(1.) Y = GDP = C+I+G+(X-M).  
 
 
Second step – The construction of the “GDP Kite” (Ruiz, 2005) is based on connecting GDP 

(Y) and the four broad categories of spending of C = X1, I = X2, G =X3 and NT = X4. We join all 

the four broad categories of spending (C, I, G and NT) plus the GDP in order to build the “GDP 

Kite” to study the overall behavior of the economy. With the advent of more sophisticated 

computers, the traditional focus on GDP in the context of business cycles can be seen in a new 

perspective. The Kite –Cartesian approach provides optical “snapshots” of the national income 

make-up at any one point in time, thus revolutionizing existing methods of visualization. 
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Third Step – GDP-Kite Classification (Ruiz, 2005) 

Level 1: Good Performance 

     The GDP-Kite is located in the positive quadrant  

 

Level 2: ChaoticPerformance 

       The GDP-Kite is located between the positive and  

                                    negative quadrant 

 

Level 3: Poor Performance 

   The GDP-Kite is located in the negative quadrant or closed  

                                      to 0  
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In the analysis based on the GDP kite we apply the concept of the attractor. This 

consists of an infinite number of surfaces or higher-dimension manifolds –generalizations 

of surfaces to multi-dimensional space- often occurring in parallel sets, with a gap 

between any two surfaces of the set called a “strange attractor”.  The name was 

introduced in the early 1970’s by David Ruelle and Floris Takensin in a paper in which 

they proposed that turbulence is an example of what we now call chaos. We assume that 

the strange attractor in the GDP-kite in the initial stage is the zero plane. In the study with 

the GDP kite we apply the Lorenz attractor under the assumption that the system never 

exactly repeats itself, the trajectory never intersects space; as the system changes, the 

motion of the point represent the continuously changing variables. In our case the GDP 

kite never exactly repeats itself, the changes between the initial and final points in the 

business cycle never intersects surfaces within the same Cartesian space.  

 

The rapid changes of the GDP kite in different stages originates from the 

fluctuations or “economic winds”. These economics winds stem from the market based 

on speculation (economics turbulences) and non-regulation. The GDP kite is only 

partially controlled by strong participations of the government applying apt fiscal, 

monetary, trade and social policies.  High wind intensity can result in poor or chaotic 

performances of the economy in any country. On the other hand a relatively low wind 

intensity can produce better and more stable performances according to GDP kite 

analysis. 
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  The GDP kite shows the national income from a new visual perspective. This feature in 

the GDP kite gives the multi-dimensional view of the national income to reveal the movement of 

one or all variables (X1, X2, X3, X4) along their respective axes simultaneously within the same 

Cartesian space. It also shows how changes in one or all “Xi” may affect “Y”.  We applied 

concept of the GDP- Kite to the study of the Gross Domestic Product (GDP) of U.S. from 1940 to 

2005 (see Figure 3). The GDP Kite shows how U.S. Consumption (C), Investment (I), 

Government (G) and Net Trade (X-M) are move in different directions simultaneously within the 

same GDP-Kite providing a quick visual imprint of the U.S. economy. 

 

If we observe the U.S. GDP kite trimester by trimester (from 1940 to 2005), we have a 

total of 232 simulations with the GDP kite showing different displacements within the Kite 

Cartesian space. From 1940 to 2005, the U.S. GDP kite yields 58 simulations or 25% l of the 

cases in the study which are in Level 1 or good performance. Good performance is characterized 

by the positive results in all four broad categories of spending (C, I, G and NT) and GDP. In this 

study chaotic performance is shown in 150 simulations or 65% of cases in studied characterized 

by non proportional changes. Poor performance is shown in 23 simulations or 10% of total cases 

(see figure 3).  Poor performance is characterized by negative growth in all four broad categories 

of spending (C, I, G and NT) and GDP.  If we generate a successive slide show based on the use 

of each GDP kite by trimester then we can observe how the GDP kite constantly changes within 

the same Cartesian space. We can clearly observe that business cycles are fundamentally chaotic. 
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Figure 3:  
United States GDP Kite from 1940 to 2005 

 
 
    GDP/U.S.-1940                 GDP/U.S.-1945          GDP/U.S.-1950         GDP/U.S.-1955             

      
 
    GDP/U.S.-1960                 GDP/U.S.-1965         GDP/U.S.-1970            GDP/U.S.-1975                         
                                                    

  
 
         GDP/U.S.-1980          GDP/U.S.-1985            GDP/U.S.-1990           GDP/U.S.-1995 

            
                                        
     GDP/U.S.-2000                      GDP/U.S.-2005   

               
Source: Bureau of Economic Analysis U.S. Department of Commerce (2005) 
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Conclusion 
 
The GDP kite is a different analytical tool compared to the conventional 2-D and 3-D 

Cartesian planes applied in the analysis of chaos in  business cycles. The GDP kite shows 

the global picture of an economic phenomena; Hence it allows for focus on 

macroeconomics analysis. It is a simple yet efficient analytical tool to explain complex 

economic phenomena. The new Cartesian Space offers an alternative tool to visualize the 

correlation between the independent variables (X1, X2, X3 and X4) and dependent variable 

(Y). As such, the GDP kite provides a good basis for the design of new types of graphs to 

analyze chaos in business cycles. It is suggested that business cycles are basically chaotic 

and generates by market turbulences owing to speculation and poor macroeconomics 

policies.  
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