
'HSDUWPHQW RI 3K\VLFDO DQG (QYLURQPHQWDO 6FLHQFHV

3+<'��

0DUFK ��WK� ����

&KDRV LQ (FRQRPLFV DQG 6WRFN 0DUNHW

<X\DQJ &KHQ� :HLVKX 6XQ� %\OLQJ 7UXRQJ



Background
As a general subject, economics can be split into two main categories microeconomics and 

macroeconomics. In this section of the paper, we will focus of the former. Microeconomics is a subject 
that deals with models regarding the supply and demand of goods and services. The supply and demand 
of goods and services are represented as functions of price with respect to quantity. In general, when 
graphing these curves on a price versus quantity graph, the supply curve tends to be upwards sloping, 
and the demand curve tends to be downwards sloping. When the supply and demand curves are found, 
the equilibrium price and quantity can then be found. For example, one of the simplest models is when 
demand and supply are both linear as shown in figure 1.

Figure 1. Supply (Orange) and Demand (Blue) graph plotted as P vs Q.

On figure 1, the supply curve is the function PS(Q) = 5Q – 1, and the demand curve is PD(Q) = –3Q + 7. 
With these two curves found, we can then see (either from the graph or algebraically by setting PS = PB) 
that the equilibrium price is $4 at an equilibrium quantity of 1 where the two curves intersect. Although 
this simple model is very intuitive, the demand and supply curves in real life tend to be non-linear and 
are harder to find. This is due to the supply and demand curves being determined by multiple factors 
such as the number of producers and consumers, costs of production, need for such a good or service 
and so on. Focusing on one of the factors that affects the supply curves, there are types of markets that 
producers and consumers can face.

On one end of the extreme, there is perfect competition where there are many producers making 
the same good or service. And on the other end, there is monopoly where there is only one producer 
making the good or service. Some examples of goods that have perfect competition are soda drinks or 
computers. There are many producers of each good such that a single producer cannot influence the 



market in a substantial way, therefore, every producer is a price-taker. On the other hand, there are 
goods such as electricity or hydro where the firms who provide such goods face little to no competition 
and therefore have a monopoly over the good or service. There also exists an intermediate between 
perfect competition and monopolies called oligopolies. Oligopolies are markets where there exists 
competition with only a few number of firms producing the same good or service, and a special case is 
when there are only two firms who produce a good or service is called a duopoly. One of the topics that 
economists study are these monopolists and oligopolists markets and how these producers can 
manipulate the market to yield the greatest amount of profit. According to Puu (2000), “The monopolist 
must thus know at least the entire demand curve of the market” (217) to be able to take advantage of 
their power to gain the most amount of profit. However, because the market is so dynamic, “the 
monopolist does not know more than a few points on the demand function.” (222) Therefore, it will be 
hard to determine how much of the good the producer should make to maximize profits. To address 
this, we first must build a model that can account for the non-linearity of the real-world market.

Monopolies
According to Puu (2000), the demand curve could be represented as a truncated Taylor series 

where:
PD(Q)=A−Bx+Cx2−Dx3

In the equation, x represents the quantity demanded and A, B, C, D are positive constants. And because 
the demand curve is downwards sloping, it must be the case that C2 < 3BD. From the demand curve, 
the monopolist can then calculate the marginal revenue as the derivative of the total revenue which 
equals to the total price multiplied by quantity. From this, the marginal revenue is determined as:

MR=A−2Bx+3Cx2−4 Dx3

The marginal cost is calculated as the derivative of the total cost which can be assumed to also be a 
truncated Taylor series:

MC=E−Fx+Gx2

From these two curves, we can then find the maximum profit by equating the marginal revenue with 
the marginal costs:

(A−E)−2(B−F )x+3(C−G) x2−4Dx3=0
And solve for the roots and find the maxima (using the second derivative of the function) to determine 
the quantity of maximum profit. However, because the demand curve is not well-defined, Puu (2000) 
suggests that we use a search algorithm to determine the maxima of the profit function. Given that the 
profit is equal to the revenue minus cost, the profit function can be defined as:

Π(Q)=(A−E)Q−(B−F)Q2+(C−G)Q3−DQ4

By setting the derivative equal to zero, we can solve for the roots to find the maxima. Puu (2000) gives 
the search algorithm as the map:

 

x t+1=f (x t , y t)
y t+1=g (x t , y t)

f (x , y )= y
g (x , y )= y+δ P(x , y)

P(x , y)=
Π( y )−Π(x)

y−x
=(A−E)−(B−F)(x+ y )+(C−G)(x2+2xy+ y2)−D(x3+x2 y+xy 2+ y3)

Based on f(x, y) and g(x, y), we can then find out the stability by calculating the Jacobian and setting it 
to 1. After setting x=y and substituting the maxima for x, the resulting value of delta is then the point 
when there stability is loss:
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)=δ((B−F)−(C−G)(2 x+2 y )+D(3 x2+2 xy+ y2))=1

δ= 1
((B−F)−(C−G)(4 x )+D(6 x2))

As delta increases, the period of the oscillations increases, and eventually we can observe chaotic bands 
throughout the bifurcation diagram. To see this more clearly, we can set some values to the constants 
and see the emerging chaos. Let A = 5.6, B = 2.7, C = 0.62, D = 0.05, E = 2, F = 0.3, and G = 0.02. We 
can then plot the following curves:

Figure 2. MR (Blue), MC (Orange), and Demand curves (Green) plotted as P vs Q.



Figure 3. Bifurcation diagram of monopoly model from Puu (2000, pg 223).

We can see on figure 2 that the demand, marginal revenue and marginal cost curves are plotted with the 
intersections between the marginal revenue and marginal costs corresponding to the profit minima or 
maxima. In this case, x=3±√3 are the maxima. In figure 3, we can see the bifurcation diagram for 

such points. When δ=5
3

, the two fixed points at x=3±√3 becomes cycles with 2 period and as delta 

increases, the periodicity also increases and then chaos follows.

Duopolies with the Cournot Model
Moving on to duopolies, there are now two competing firms who are able to produce a certain 

good or service. Because of this, the firms aren’t as free as the monopolist to set whatever production 
quantity they want, they must consider each other’s actions and each set a certain quantity to produce 
such that both will try to maximize their profits. Because of this additional complication, we must 
consider the firm’s behaviour using either the Cournot Model and Stackelberg Model. The Cournot 
Model assumes that both firms will decide their production simultaneously and that what they choose 
to produce will be final. On the other hand the Stackelberg Model requires a leader and a follower 
where the firm that chooses a quantity first is the leader firm and has the first mover advantage, while 
the other firm is the follower who responds to the leader firm’s actions. In this paper, we will focus on 
the Cournot Model and analyze how adjustments towards the Cournot equilibrium can be chaotic.

According to Puu (2000), we assume an isoelastic demand function, and because the price is 
inversely proportional to quantity produced, we can define the demand function for a duopoly as:

PD=
1
x+ y



Where x is the quantity firm 1 produces and y is the quantity firm 2 produces. We also assume a 
constant marginal cost for both firms, therefore the firms profit functions should look like:

ProfitFirm n=RevenueFirm n−CostFirm n=(PD)(Qn)−c (Qn)

Π1=PD x−ax=
x
x+ y

−ax

Π2=PD y−by=
x
x+ y

−by

Where a and b are both constants corresponding to the constant marginal cost for the firms. Now that 
we have both firms profit functions we can find the maximum profit by taking the partial derivative of 
each firm’s profits with respect to their quantity and setting them equal to zero:

Recall: Maximum profit is when MC = MR where MR=∂Revenue
∂Q

 and MC=∂Cost
∂Q

∂Π1

∂ x
=−ax2−2ayx−ay2+ y=0

∂Π2

∂ y
=−by2−2bxy−bx2+ x=0

Solving for the roots of x for firm 1 and y for firm 2, we can then get the reaction curve of each firm:

x=√ ya− y
y=√ xb−x

We can then substitute both equations with each other and solve for x and y to get the output quantities 
of both firms.

x= b

(a+b)2

y= a

(a+b)2

These quantities are the Cournot equilibrium quantities for each firm, and they can be seen at the 
intersection between the two relation curves such as shown in figure 4:



Figure 4. Reaction curves between of firm 1 (Blue) and firm 2 (Orange) plotted as y vs x (a=0.2, 
b=0.1).

Using these equations, we can analyze the process of adjustment towards the Cournot equilibrium point 
and see if it is stable by using the following mapping of the reaction curve:

x t+1=√ y ta − y t

y t+1=√ x tb −x t

According to Puu (2000), we can take the absolute value of the derivatives of x and y (where x and y 
are the reaction curves) and set it equal to 1 to find the where loss of stability occurs:

|dxdy dydx|=1

|( 1
2 √ 1
ay

−1)( 1
2 √ 1
bx

−1)|=1

After distributing and plugging in the x and y output quantities of both firms we get:
(a−b)2=4ab

Then solving for the roots by simplifying and normalizing the roots to 
a
b

 (the same results follow for 
b
a

), we get:
a
b
=3±2√2



Therefore, if the ratio of marginal costs between the two firms are greater than 3+2√2 or less than 
3−2√2, then the Cournot point will not be stable. We can see this more clearly in the bifurcation graph 
shown in figure 5:

Figure 5. Bifurcation diagram of the duopolist Cournot model from Puu (2000, pg 247)

In figure 5, it is shown when arctan (3−2√2)>arctan ( a
b
)>arctan (3+2√2) then the stable points 

becomes a two period cycle and as arctan ( a
b
) increases from arctan (3+2√2) or decreases from 

arctan (3+2√2) then we will start to see a 4 period cycle up to infinity where it will approach chaos and 
no longer become periodic.

Oligopolies with n-firms with the Cournot model
Using the same type of analysis shown above for duopolies, this can be extended to oligopolies 

of n firms by making the demand function equal to the reciprocal of the sum of n firms, Finding the 
profit functions of each firm, finding their response curves and solving for their Cournot equilibrium 
quantities. We can notice that for a duopoly their response curves are 2-dimensional due to two 
individual firm quantities. When we extend this to n firms we will get an n dimension curve. From their 
response curve equations, we can analogously find the mapping for the process of adjustment, then find 
if there is loss of stability by finding the roots (eigenvalues) of the characteristic equation of an nxn 
Jacobian matrix. According to Puu (2000), if the “real eigenvalue can get an absolute value larger than 
unity [or] a pair of conjugate complex eigenvalues can cross the unit circle in the complex plane” (259) 
then higher order systems can be unstable.



%XVLQHVV F\FOH LQ FRQWLQXRXV WLPH

%XVLQHVV F\FOH LV D PDMRU SDUW RI FKDRV LQ HFRQRPLFV� D EXVLQHVV F\FOH UHIHUV WR WKH

SDWWHUQ IRU HFRQRPLF DFWLYLWLHV RYHU WLPH� ,W FDQ VKRZ IOXFWXDWLRQV DQG SURGXFWLRQV DQG PXFK

RWKHU XVHIXO LQIRUPDWLRQ� $ EXVLQHVV F\FOH LQ FRQWLQXRXV WLPH VKRZV WKH IOXFWXDWLRQV LQ HFRQRPLF

DFWLYLWLHV RYHU WLPH� 5DWKHU WKDQ EHLQJ DW D VSHFLILF SRLQW LQ WLPH� WKH FRQWLQXRXV WLPH PRGHO

DOORZV IRU DQDO\VLV RYHU D PXFK ORQJHU SHULRG RI WLPH�

6RPH KLVWRULHV RQ EXVLQHVV F\FOHV LQYROYH RQH PDMRU VLJQLILFDQW HYHQW WKDW RFFXUUHG LQ

HFRQRPLF WKHRU\ LV LQ ���� ZKHQ 6DPXOVRQ LQYHQWHG WKH EXVLQHVV F\FOH PDFKLQH� ZKHUH WKH

PXOWLSOLHU DQG DFFHOHUDWRU FRQFHSWV ZHUH FRPELQHG� 7KLV PRGHO VKRZHG KRZ VLPSOH IRUFHV VXFK

DV WKH FRQVXPHU VSHQGLQJ DQG SURGXFHU KDYLQJ LQYHVWPHQWV FDQ SURGXFH F\FOLFDO FKDQJHV ZLWKLQ

WKH HFRQRP\� 7KLV F\FOLFDO EHKDYLRU LV H[SODLQHG YHU\ VLPSO\ E\ WKH PRGHO DQG LV H[WUHPHO\

FRQYLQFLQJ� ,Q ����� +DUURG IRUPXODWHG WKH SURFHVV LQ FRQWLQXRXV WLPH DV D GLIIHUHQWLDO HTXDWLRQ

WR IRFXV RQ WKH JURZWK UDWKHU WKDQ WKH F\FOH ZKLFK VKRZHG WKH EDODQFH EHWZHHQ JURZWK DQG

LQVWDELOLW\� :KHQ IRUPXODWLQJ EXVLQHVV F\FOHV� WKHUH DUH WZR W\SHV RI PRGHOLQJ� RQH EHLQJ

FRQWLQXRXV DQG RQH EHLQJ GLVFUHWH� DW KLJKHU RUGHUV RI FRQWLQXRXV PRGHOLQJ� WKHUH DUH PRUH

FKDRWLF EHKDYLRUV RFFXUULQJ� :KLFK UHVXOWV LQ FRQWLQXRXV PRGHOLQJ EHLQJ WKH SUHIHUUHG PHWKRG

DV 3KLOOLSV UHDOL]LQJ WKH FRQWLQXRXV WLPH PRGHO FDQ SURFHVV D VHFRQG RUGHU PRGHO�

7KH RULJLQDO PRGHO IRU WKH EXVLQHVV F\FOH KDV LQFRPH DV < DQG VDYLQJ DV 6� . DV FDSLWDO

VWRFN DQG V EHLQJ WKH SURSRUWLRQ RI LQFRPH DQG WKH UDWLR GHQRWHG DV Y� LQYHVWPHQWV LV GHQRWHG DV ,

ZKLFK UHVXOWV LQ DQG � ZKLFK LQ HTXLOLEULXP ,  6� 7KHVH HTXDWLRQV DUH ODWHU RQ

DGMXVWHG ZKHQ 3KLOOLSV DVVXPHG GLIIHUHQW VSHHGV IRU WKH WZR SURFHVVHV ZKLFK WKH HTXDWLRQV

EHFDPH DQG � ZLWK IXUWKHU GLIIHUHQWLDWLRQ IRU WKH ILUVW HTXDWLRQ� WKH

EDVLF HTXDWLRQ IRU WKH RULJLQDO PRGHO LV � 7KLV HTXDWLRQ LV FDSDEOH RI

SURGXFLQJ RVFLOODWLRQV RI HLWKHU GDPSHG RU H[SORVLYH� 7KH SUREOHP ZLWK WKH RULJLQDO PRGHO LV WKDW

LW FOHDUO\ VKRZV WKH OLPLWDWLRQV RI OLQHDU DQDO\VLV� WKH PRGHO FDQ RQO\ SURGXFH H[SRQHQWLDOO\

GDPSHG RU H[SORVLYH EXW QRWKLQJ HOVH� ,Q WKH ERXQG FDVH WKDW SURGXFHV D VWDQGLQJ F\FOH� WKH

SUREDELOLW\ IRU LW WR YDQLVK LV VPDOO VR LW UHSUHVHQWV D FDVH WKDW LV VWUXFWXUDOO\ XQVWDEOH� 7KH

GDPSHG FDVH GRHV QRW JHQHUDWH DQ\ PRYHPHQWV� LW RQO\ PDLQWDLQV ZKDW LV RULJLQDOO\ WKHUH� DQG

WKH H[SORVLYH FDVH SURGXFHV XQERXQG FKDQJH ZKLFK KDV WKH SUREOHP RI VFLHQWLILF SURFHGXUH�

+LFNV UHDUUDQJHG WKH PXOWLSOLHU DFFHOHUDWRU PRGHO WR EHFRPH QRQOLQHDU VR WKDW WKH SURFHVV RI

FKDQJH ZRXOG EH OLPLWHG E\ WKH IORRU DQG WKH FHLOLQJ WR SURGXFH D PRYHPHQW WKDW LV F\FOLF WKDW

KDV ILQLWH ERXQGV� ,Q ���� 5LFKDUG *RRGZLQ LQWURGXFHG D VPRRWK QRQOLQHDULW\ IRU WKH LQYHVWPHQW

IXQFWLRQ RI WKH PRGHO DQG QRZ ZLWK WZR QRQOLQHDULW\ LQ WKH LQYHVWPHQW IXQFWLRQV� XVLQJ WKH

SRZHU VHULHV� D UHVXOWLQJ PRGHO LV WKHQ FRPSOHWH ZKLFK LV WKH OLPLW

F\FOH� 7KH OHIW VLGH RI WKH HTXDWLRQ UHSUHVHQWV D VLPSOH KDUPRQLF RVFLOODWRU DQG WKH ULJKW VLGH LV

WKH FXELF FKDUDFWHULVWLFV IRU WKH EXVLQHVV F\FOH� 7KH H[LVWHQFH RI WKLV OLPLW F\FOH LV DQDO\]HG E\

ILQGLQJ RXW WKH EHKDYLRXU RI WKH GLIIHUHQWLDO HTXDWLRQ LQ SKDVH VSDFH� IRFXVLQJ RQ WKH UHODWLRQVKLS

EHWZHHQ WKH UDWH RI FKDQJH RI LQFRPH DQG WKH VHFRQG GHULYDWLYH� :KLFK FDPH WR DQ REVHUYDWLRQ



WKDW IRU FHUWDLQ SDUDPHWHU YDOXHV WKH GLIIHUHQWLDO HTXDWLRQ KDV HOOLSWLF SDWKV LQ WKH SKDVH VSDFH

ZKLFK VKRZV SHULRGLF EHKDYLRU�

)LJXUH ��� 7KH SXQFWXDWHG HOOLSWLF DQQXOXV� DQG WKH VWULS RI HQHUJ\ JDLQ�

7KH SURRI WR WKH H[LVWHQFH LV E\ GLIIHUHQWLDWLQJ WKH RULJLQDO PRGHO HTXDWLRQ

DQG VHWWLQJ VR WKDW WKH HTXDWLRQ FDQ EH UHZULWWHQ DQG UHVXOWV LQ

� ZKLFK LV WKH YDQ GHU 3RO HTXDWLRQ WKDW KDV D JUDSKLFDO

PHWKRG RI FRQVWUXFWLQJ WKH VROXWLRQ� )RU WKH DSSUR[LPDWLRQ RI WKLV OLPLW F\FOH� ZH KDYH D VSHFLDO

FDVH RI DQG E\ ILQGLQJ D VROXWLRQ LQ WKH IRUP RI D SRZHU VHULHV IRU WKHQ

VXEVWLWXWLQJ LW LQWR WKH GLIIHUHQWLDO HTXDWLRQ� WKH UHVXOWLQJ HTXDWLRQ LV

DQG DQG

ZKLFK WKHVH HTXDWLRQV FDQ EH VROYHG LQ VHTXHQFH DQG KDYH DQ DSSUR[LPDWH VROXWLRQ�

7KHQ E\ FKDQJLQJ WKH LQLWLDO FRQGLWLRQV RI WKH HTXDWLRQV DQG KDYLQJ IXOO\ VROYLQJ WKH HTXDWLRQV�

WKH JHQHUDO VROXWLRQ LV � :LWK WKLV JHQHUDO VROXWLRQ DQ DSSUR[LPDWLRQ LV

PDGH ZLWK DQG

DQG XVLQJ WKH UHVXOWLQJ DSSUR[LPDWH VROXWLRQV� D

VLPXODWLRQ ZLWK WKH IRXU SRLQW 5XQJH�.XWWD PHWKRG LV SURGXFHG VKRZQ LQ ILJXUH �� ZKLFK VKRZV

KRZ WKH UDWH RI FRQYHUJHQFH RI WKH DSSUR[LPDWHG F\FOHV LV QRW UHDOO\ IDVW�

)LJXUH �� 7KUHH VXFFHVVLYH SHUWXUEDWLRQ VHULHV FRPSDUHG ZLWK VLPXODWHG VROXWLRQ�

$QRWKHU PRGHO LQ WKH EXVLQHVV F\FOH LV WKH WZR�UHJLRQ PRGHO� WKLV PRGHO UHSUHVHQWV WKH

LQWHUDFWLRQV EHWZHHQ WZR UHJLRQV RI HFRQRPLHV� 7KLV PRGHO KDV WZR FRXSOHG UHJLRQV ZKHUH ERWK

UHJLRQV DUH VHFRQG RUGHU SURFHVVHV� ZKLFK WKHQ WKH WRWDO V\VWHP KDV D WRWDO RUGHU RI IRXU ZKLFK

JXDUDQWHHV FKDRWLF RXWFRPHV� 7KH FRXSOLQJ IRU WKLV PRGHO LV GRQH E\ D OLQHDU WUDGH PXOWLSOLHU�









7KHVH ILJXUHV ������±������ DUH DVVRFLDWHG ZLWK GLIIHUHQW YDOXHV RI WKH /\DSXQRY H[SRQHQW

�GHQRWHG E\ /� DQG WKH IUDFWDO GLPHQVLRQ �GHQRWHG E\ )�� &KDQJHV LQ WKH /LDSXQRY H[SRQHQW DQG

IUDFWDO GLPHQVLRQ DOWHU WKH VKDSH DQG GHQVLW\ RI WKH DWWUDFWRU� LQGLFDWLQJ GLIIHUHQW GHJUHHV RI

SUHGLFWDELOLW\ DQG VWDELOLW\ RI WKH HFRQRPLF F\FOH�

1XPHULFDO VLPXODWLRQV UHYHDO WKH WUDQVIRUPDWLRQ RI FKDRWLF DWWUDFWRUV ZLWK YDU\LQJ

VDYLQJV UDWHV� LOOXVWUDWLQJ WKH PRGHO
V VHQVLWLYLW\ WR HFRQRPLF SDUDPHWHUV� 7KH FULWLFDO OLQHV

PHWKRG IXUWKHU HOXFLGDWHV WKH HPHUJHQFH RI DWWUDFWRUV� HPSOR\LQJ FXELF PDS IROGLQJ WR WUDFH WKH

HYROXWLRQ RI HFRQRPLF G\QDPLFV�

)UDFWDO 0DUNHW $QDO\VLV

&KDRWLF EHKDYLRU LV D NLQG RI GHWHUPLQLVWLF EHKDYLRU RI D G\QDPLFDO V\VWHP� $OWKRXJK WKH

IXWXUH VWDWH RI WKH V\VWHP FDQQRW EH SUHFLVHO\ SUHGLFWHG� LW LV GHWHUPLQHG E\ WKH LQLWLDO FRQGLWLRQV

DQG GRHV QRW GHSHQG RQ UDQGRP IDFWRUV� ,Q HFRQRPLFV� GHWHUPLQLVWLF FKDRV WKHRU\ LV XVHG WR

H[SODLQ WKH FRPSOH[ SKHQRPHQD REVHUYHG LQ HFRQRPLF F\FOHV� VXFK DV ZK\ LGHQWLFDO RU VLPLODU

HFRQRPLF F\FOHV DUH QHYHU FRPSOHWHO\ UHSHDWHG� ZK\ PLQRU HYHQWV FDQ VRPHWLPHV KDYH PDMRU

HIIHFWV� DQG ZK\ HFRQRPLHV FDQ VKLIW IURP D VWDEOH VWDWH WR WXUEXOHQFH� 7KH WKHRU\ SRVLWV WKDW

WKHVH DUH LQWULQVLF SURSHUWLHV RI WKH QRQOLQHDU G\QDPLFDO V\VWHPV RI WKH HFRQRP\ DQG GR QRW

QHFHVVDULO\ UHTXLUH H[WHUQDO VKRFNV� 7KH PDWKHPDWLFDO IRXQGDWLRQ RI WKLV WKHRU\ LQFOXGHV WKH



WRROV XVHG WR PHDVXUH FKDRWLF G\QDPLFV� VXFK DV WKH ODUJHVW /\DSXQRY H[SRQHQW� ZKLFK UHIOHFWV

WKH UDWH DW ZKLFK WKH V\VWHP GLYHUJHV IURP LQLWLDO FRQGLWLRQV� DQG IUDFWDO GLPHQVLRQV� ZKLFK

UHIOHFW WKH JHRPHWULF FRPSOH[LW\ RI VWUDQJH DWWUDFWRUV

)URP )LJXUH 'DWD IURP 0DUNHW:DWFK� ������� D UHG OLQHDU UHJUHVVLRQ OLQH WKURXJK WKHVH SRLQWV

VKRZV WKH WUHQG LQ WKH UHODWLRQVKLS EHWZHHQ ORJ�WUDQVIRUPHG ZLQGRZ VL]H DQG ORJ�WUDQVIRUPHG

5�6 YDOXHV� 7KH VORSH RI WKLV OLQH LV HVWLPDWHG WR EH ������ ZKLFK FDQ EH XVHG DV DQ HVWLPDWH RI

WKH +XUVW H[SRQHQW �+��9DOXHV RI + JUHDWHU WKDQ ��� �DV REVHUYHG ZLWK WKH + YDOXHV� LQGLFDWH WKDW

WKHUH LV D SHUVLVWHQW ORQJ�WHUP WUHQG LQ WKH WLPH VHULHV GDWD� 7KLV PHDQV WKDW LQFUHPHQWV WHQG WR EH

IROORZHG E\ LQFUHPHQWV DQG GHFUHDVHV WHQG WR EH IROORZHG E\ GHFUHDVHV� LQGLFDWLQJ WKDW WKHUH

PD\ EH D WUHQG UDWKHU WKDQ PHDQ�UHYHUWLQJ EHKDYLRU�

7KH TXDOLW\ RI WKH UHJUHVVLRQ ILW� DV PHDVXUHG E\ WKH 5�VTXDUHG YDOXH� LV YHU\ KLJK DW DERXW ������

7KLV VXJJHVWV WKDW PRUH WKDQ ��� RI WKH YDULDQFH LQ WKH ORJ�WUDQVIRUPHG 5�6 YDOXH LV FRPSXWHG

IURP WKH ORJ�WUDQVIRUPHG ZLQGRZ VL]HV WKURXJK WKH UHJUHVVLRQ PRGHO� 7KH QHJDWLYH LQWHUFHSW RI

DERXW ������ VXJJHVWV WKDW WKH VWUHQJWK RI WKH WUHQG GLPLQLVKHV DV WKH VL]H RI WKH REVHUYDWLRQ

ZLQGRZ GHFUHDVHV�
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