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International Competition, Debt, and Uneven
Development in a North-South
Macroeconomic Model

TAROABE

This paper examines whether the intensificatiomntérnational competition widens
the gap between developing and developed economiése intensification of
international competition with an influential trad@ion in the North is known to lower
the North’s markup rate. This paper is unique beeatipoints out that the intensification
of international competition can widen the Northu8ogap when the Southern debt is
taken into consideration. It also shows that thaliegyian policy in the North as
influenced by trade unions is compatible with itgernational policy: relief of interest
payments.
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1. INTRODUCTION

Economic globalization that has gained much mommantecently has further
intensified international competition. One conttilng factor is the influx of new
players from the newly industrialized economiescluding the East Asian
economies.

On the other hand, there are still many Southeom@mies that are left out in this
international competition, all of which are stilutdened with large debt. This paper
examines whether the intensification of internagiacompetition widens the gap between
the Northern economies and the debt-laden Soutbeomomies. Figure 1 is a visual
expression of the purpose of this paper.

As Adachi (1995) says, the intensification of inm@ional competition alters the
monopoly power (markup rate) of the North. Normalhyernational competition tends to
lower the North’s monopoly power. However, it isspible that the monopoly power of
the North will increase should the Northern ecoresthave adjusted to the plunge in the
wage rate due to the pressure of international editign. Therefore the change of the
North’s monopoly power as a result of the intemgernational competition is influenced
by the power struggle between the union and managem
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Fig. 1. Objective of this Paper
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Dutt (1988) and Sarkar (1994) are works that disedshe relationship between
the North’s monopoly power and North-South econdbytt (1988) tries to build a
model based on Bran’s argument on the monopolytalapin which Dutt (1988)
introduces a Northern investment function that delseon the profit rate and the rate of
capacity utilization. He showed that the increasthe North’s monopoly power worsens
the rate at which the capacity utilization of therth is utilized, the terms of trade of the
South and the growth rates in both regions and meidee North-South gap.In contrast,
Sarkar (1994) features a Northern investment foncthat depends only on profit rate.
He showed that although the increase in the Norttgaopoly power does lower its rate
of capacity utilization, it does not have any effen the South’s terms of trade as well as
the growth rates in both regions. These works leanething in common, namely the fact
that they have a balance of trade equilibrium tgifbevith.

Hence, the increase in the North’s monopoly powéses the demand for capital
goods, which are produced only in the North, résgle widening of the gap between
North and South. However, a balance of trade diuilin is certainly not a common
phenomenon in the real world for there are coumtiie the South that are heavily
indebted.

North-South models built with an interest in theu@rn debt could be found in
Dutt (1989) and Nakatani (1991). Both works disedsthe conditions required to create
a North-South economy with sustainable growth. L&89) takes the South’s capital
accumulation as an exogenous variable. Meanwhibkabni (1991) introduces the
South’s investment function, considering that th#dmning debt in the South suppresses
its capital accumulation. However, the imperfeanpetitive Northern economy found in
Dutt (1988) or Sarkar (1994) is not found in Naka&{d991).

Referring to this previous research, this paperothices an independent
investment function of the South, which takes thetd of the increasing debt and
decreasing profit rate in the South suppressinggitstal accumulation into consideration,
and relieves the balance of trade equilibrium aggiom proposed in Sarkar (1994).

*Adachi (1995) also writes on the relationship bemvéhe North’s markup rate and the North-South
economy but it will not be referred to in this papecause the research was done focusing not oNdttb-
South gap but on the terms of trade and capitelsfiwere introduced into it.

The South-North capital ratio is used as the geprin Dutt (1988) and this paper will follow suit.
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Having such a model built, 1 will examine how therth’s monopoly power influences
the North-South gap. Based on this, we can disduss the intensification of
international competition influences the North-Sogap, considering that the South is
indebted.

2. SARKAR (1994) MODEL

An explanation of the Sarkar (1994) model is attertipn this section 2.1 outlines
the model’s basic structure and section 2.2 indutie arguments on how the change in
the North’s monopoly power influences the North-®agap.

2.1. Basic Structure of the Model

Northern Economy. An industrial good that acts as both a consumptod
capital good,Y, is produced in the North. Denoting as the capital good used in the
North, u as the rate of capacity utilization ad@s a fixed technology coefficient, we can
write the production function as

Y=wK, u<l . . . . . (D)

DenoteP as the price of the good in the Northas the markup rat&y as the nominal
wage rate ant as the labor-output ratio, the North’s pricing afijpn could be written as

P=(1+2 Wb .. (2

Furthermore, since the markup rate, z, carriesrinddion on the degree of monopoly
power, using Equations (1) and (2), the North'Siprate,r, could be written as

z
r=——au 3
T3 3
Assuming thag, the investment function of the North, is an inee#éunction of
its profit rate,r, we can conclude that

g=a,+0,0, 0;>0, 0,>0 . 4@

a; is the animal spirit of business entities.

Southern Economy.The South produces low technology or primary goods)g
its labor and capital goods imported from the Notin other words, the Southern
economies in this paper are referred to as thosaosgies that are still incapable of

producing capital goods. Deno¥ as the South’s total outpuk’ as the total capital
and assuming that the technology is fixed, we capress the South’s production
function as

Y =a'K’ .. .. .. . . .. .. (5

The South’s output-capital rati@, , is a constant. The real wage rate in the South,

V", remains constant at a subsistence level bechegeis surplus labour.

Market Equilibrium. Both the North and South spend all of the wagernmeon
consuming, save a certain fraction of the profitoime and consume the rest of it. The
North spenddm (0 <m < 1) of its total consumption expenditure on thartNern goods
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and the rest on Southern goods. The South spehitis \ahge income on Southern goods
while spendu (0 <p < 1) of its profit income on Northern goods and thst on Southern

goods. The price of Southern goods is denoteR as
We can then express the consumption demand foh&gugoods by the North as
- m){1+ @a- s)z}WbY, the consumption demand for Southern goods bystheh itself
as PVabK +@1-p)1-s)A-V'b)PaK". Hence, the market equilibrium of the
Southern goods is given by
(1-m){1+(1-9) 2 WbY+ P*V*a*b*K* + (1) (1-s*)(1-V*b*)P*a*K*—P*a*K* =0 (6)
On the other hand, the consumption demand for Kantigoods by the North is
m{1+ (1- 9ZWbY and that by the South is(1-s )1-V'b)P a K" . Denotel and 1"

as the investment of North and South, respectivieéymarket equilibrium in the North is
as follows because the investment demand for thehiilm goods by both regions is

Pl+PI".
m{1+(1-5)Z Wb Y+pu(1-s*)(1-V*b*)P*a*K* +PI+PI*-PY=0 ... )

Balance of Trade Equilibrium. The North imports consumption goods from the
South while the South imports both consumption mwéstment goods from the North.
Since the imports of Southern goods by the Northil'rsm){1+ - s)z}WbY while the

imports of Northern goods by the Southjigl-s )1-V'b)Pa K" +PI", the balance
of trade equilibrium could be expressed as

(1-m){1+(1-9Z WbY— p (1-s*)(1-V*b*)P*a*K* —PI* =0 ... .. (8

Capital Accumulation. Define the North-South capital ratio &as= }f and since

*

g=IE and g = }L the dynamic equation that shows the North-Soudpital

accumulation is given by

" *

h=g-g .. (9)

*

Intensive Form. Suppose the South’s terms of tradep';%, Equation (6)

that expresses the market equilibrium of Southewdg could be rewritten as
ouh
A-m{1+(1-9)7 E—{s*+(1—s*)u}(1—v*b*)a*p =0 ... ... (10)
Similarly, applying the balance of trade equililmiiequation (8), Equation (7) that
expresses the market equilibrium of Northern gammigd then be rewritten as

z8(a, —Su +

a, =0 .. (11
Lt (1)
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Applying Equation (3), the Northern investment ftion (Equation (4)) could be
rewritten as

z
=a,+a,——0ou ... (12
g 1 (12)

With the same spirit, applying Equation (6) and, (8)e Southern capital
accumulation rate could be expressed as

g* =s* (1 —V*b*) pa* .. (13)

Adding Equation (9) will give us a total of equatio and five endogenous
variables respectively; namely p, g, g* andh, making this a closed system. Assuming
h is taking a certain value from Equation (9), p andill be solved in (10) and (11),
respectively. Henceg* and g are solved in (12) and (13), respectively.

2.2. The North’s Monopoly Power and Uneven Developent

We will see how the change in the North’'s monogmdyver influences the North-
South gap in this section.

Short-run Equilibrium Analysis. Let’s start with the short run analysis where the
market equilibrium is achieved in both regions.sThieans Equation (9) will have to be
removed for now anH treated as an exogenous variable.

From Equation (11) we get

du _ o,

— =3 <0 ... .. (14
dz  Z%(sy —-a,)d ()

Apply this and an altered version of Equation (50)hat we have below

i+ @-92(1+2)

dp_ _ @-m)dh a (s-a,)dz <0 (15)
dz  {s*+{-s)u}L-V* br)a* @+ 2)?

This result is obtained because the rise ¢hanges the type of received income from
wage income with a high propensity for consumpt@profit income with a low propensity
for consumption, and as a result, worsens thedoteumption demand in the North.

Long-run Equilibrium Analysis. Next we shall turn to the long run equilibrium
when the capital accumulation rate of both regisrisientical’ We know thath=0 so
from Equations (9) and (10) to (13).

dh_ §s*+@-s)}
dz {1+(@1-32%s*(1-m)

>0 .. ... (16)

SFor stability conditions in the short run, pleaster to Appendix 1.

“Since (;—d; =«s +@-s)u}1-bVH)a’ % <0 holds around the proximity of the

equilibrium, this system is therefore stable thareo
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This means the North-South gap widens when the papgower of the North
increases. It is so because the increase in théh'slanonopoly power raises the North’s
demand for capital goods, which are produced antyhé North. The transfer from wage
income to profit income as a result of the bigg@mopoly power raises the demand for
investment goods.

3. INTERNATIONAL COMPETITION AND
THE SOUTHERN DEBT

What makes this section different from the lasthist the Southern debt is taken
into consideration here.

3.1. Basic Structure of the Model

Market Equilibrium. DenoteD as the South’s debt measured in terms of the
Northern good, with the interest rate on the daelbt a

The market equilibrium of the Southern and Northgoods, Equations (6) and
(7), could be as follows because income transfemfthe Southern profit income to a
Northern one is done.

(1-m){ Wb Y+ (1-5) (ZWb ¥-iPD)}+ P*V*a*b*K* +(1-1)(1-5Y).
{(1~V*b*)P*a*K* —iPD}—P*a*K* =0 ... .. (A7)

m{ WbY+1-8)(zZWbY+ iPD)}+ p(1-s*){(1-V*b*)P*a*K* —iPD}
PI+PI*-PY=0 ... .. (18)

Capital Accumulation in the South. We introduce an independent investment

function of the South.We assume that it is an iaseefunction of its profitr* . Next, we

consider the relationship between the debt andsinwent. The increasing debt of the
South will worsen its credit rating as seen frora torth. Therefore, cutting down on
imports from the North would be a plausible way fbe South to improve its trade

deficit. Denote the debt capital ratio ds= e and the South’s investment function is

given as

g% =Py +Par* —Bof,  P1>0, B2>0,Bs>0, .. (19)

[B; represents the Southern government’s plannedtimeed, etc.

Dynamic Equation of the Southern Debt.The increase in the South’s debt,
equals its trade deficit plus the interest paynbembe by the South. What we get is

D =p@-s)(1-V* b¥) pa*K*+I*—(1—m){1+(1—s)z}%bY+iD .. (20)

The dynamic equation of the South’s debt capitibr§ is given as

f=D-g* .. (21)
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Intensive Form. Similar to that done in the last section, the maekpiilibriums of
Southern and Northern goods, (17), (18), couldeheitten as

(=ML A= 920 (5% - $H1-V* b)a* p+

if {(1-m)(L-s) - (L-p)(L- )} =0 . (22

ML+ (- 92+ - $)(L-V* B)a* p+(oy +ap S+
+8,(1-V* b)a* p-Bsf —Suh+{m(l-s)-pd-s)}if =0 .. (23)

Equation (21), the dynamic equationfptould be rewritten taking Equation (20)
into consideration.

ouh

f=@- f)g* +ul-s)A-V* b a* p- - m){1+ L-$ 3+l (24)

Putting together (9), (12) and (19) alongside (22(24), we have a total of six
equations and variables respectivelyp, g, g* , h andf, closing this system. As for the

determinant relations, assuming thandf each take a certain value from (9) and (§4),
andu are solved from (12), (14), (22) and (23).

3.2. The Change in Monopoly Power of the North antdneven Development

We will examine how the change in the North’s mamgpower influences the
North-South gap in this sectién.

Firstly, we will take a look at the short-run whamarket equilibrium is achieved
in both regions. Next, based on findings obtainewugh short-run analyses, we will
demonstrate how the North’'s mark up rateaffects h in long-run equilibrium and
unstable analysis. The economy becomes unstabla theeinterest rate on the debt is
sufficiently large. The situation parallels thelr@arld in developing countries. Long-run
analyses will address both phases—stable and u@stab

Short-run Equilibrium Analysis. We are going to discard both (9) and (24) for
now and take both andf as exogenous variables. The next equation showshhband
z affectp andu.®

p=ph(+), f(=).z(-)), u=u(h)(=), (=), z(-)) .. (25)

The increase irh brings about two changes—a decreasing rate ofcigpa
utilization in the North and improved terms of teaid the South. As for the increase in f,
it worsens the South's terms of trade while redgcthe North's rate of capacity
utilization due to the decrease in investment dementhe South. The increase in
monopoly power in the North reduces its consumptemands as well as the rate of
capacity utilization, and worsens the South’s teofsade.

SSarkar (1997) assumes that the North’s monopolyepdsva increase function of the Southern terms
of trade to consider the aspect of competitivehesaeen North and South. But we will work at thisrp in a

different paper because we follow Sarkar (1994) ehod
®Please refer to Appendix 2 for calculations.
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Long-run Equilibrium Analysis. Dynamic Equations (9) and (24) are required
for this purpose. Using (12) and (19), (9) and (2dyld be rearranged into two new
dynamic equations.

h:{a1+alezzau—Bl—[32(1—v* b*) pa* +Bs fih ... .. (26)
f=@-f){B, +B,A-V* b*) pa* B} +p(L-s*)(1-V* b*) pa*
ouh .
-@-m{1+@-3 Z}E+ if .. (27

From Equations (26) and (27), we et

dh _bCy, -0bCyy

dz |det (28)

We direct our attention to the interest raté.

i<Bl_[33f +B3(1_ f)+ (1_m)[[33{(1_ f)BZ_S*}+BZ(alh+Bl_B3f)] , @>O

A dz
But if
> By =By f +Bg(1_f)+<1—m)[83{(1—f)Bz—s;}+Bz(a1h+Bl—Bgf>] | $<0_

That is to say, when the international monetarykeiais tight, the increase in the
North’s monopoly power decreases the North-Soufh gad vice versa.

Next, we use some graphs. Figure 2 illustrates phase diagram when the
international monetary market is not tight or et payments are reduced. Therease

Fig. 2. When the International Monetary Market isnot Tight (Equilibrium Analysis)
h a f=0 \ h=0

»
»

f
Please refer to Appendix 3 for stability conditiemsl calculations in the long-run equilibrium.

df
8Incidentally, a sign of; is undecided, and the result is not dependenttenest rate.
Z
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in z brings about decreasing imports in both regiortmbse of the decrease in the rate of
capacity utilization in the North and the termstrafde in the South. Thus, the Northern
balance of trade improves because decreasing ismpothe North are larger than in the

South, hence the profit rate in the North increaSestheh=0 curve shifts to the top
left. On the other hand, the thé =0 curve shifts to the top right to adjust to the

improvement in the Northern balance of trade. Tlseeewe found that the increase of
brings about the increase lof
Figure 3 illustrates the phase diagram when thermational monetary market is

tight. The point different from Figure 2 is thaetd =0 curve shifts to the top left when
z increases. In other words, the increase in thehgan trade surplus brings about a

. . . dh
decrease if, because interest payments is large. We also potmhatd— <0 becomes
z

more probable as the inclination of tfie= 0 curve becomes more steep in Figure 3.

Long-run Unstable Analysis.We perform this analysis using Equations (26) and
(27). The phase diagram of the unstable case istédfin Figure 4.

The increase iz shifts theh=0 and f =0 curves to the upper left because the

Northern net export increases (Figure 5).

The increase in the Northern net export increagemnd decreases Oncef
increases, it does so rapidly because the inteagstis extremely high. Thereforg*
continues to decrease. In this wayncreases with increasirigrom beginning to end. In
this explosive path, the South can refuse to makerdast payments for some time or
repudiate its detf

Fig. 3. When the International Monetary Market is Tight (Equilibrium Analysis)

h=0

°In this casede{<0 because the interest rate on the debt is mfflg large.
®This result depends on the linear investment fonctf f in the South, (19). Our paper does not
address this problem.
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Fig. 4. The Unstable Phase Diagram
f=0

Fig. 5. Whenz Increases (Unstable Analysis)
f=0

4. CONCLUSION

We have analyzed how the change in the North’s mpoiyopower influences the

North-South gap. The model featured in this papemnie that acknowledges the existence
of Southern debt and accounts for its effect onSbethern investment. To date, it is
concluded that the increase in the North’s monopawer will widen the North-South
gap, as can be shown in Sarkar (1994) model, iclwhibalance of trade equilibrium is
assumed. This paper, however, illustrates the pitissiof a narrowing North-South gap
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when the interest rate on the South’s debt is@afiily high in equilibrium analysis. This

result is obtained in a world without a balancetrafle equilibrium, meaning that the
reduction in the South’s imports, in turn, redudéssdebt and, as a result, promotes
capital accumulation. Conversely, when the Nortimwsnopoly power is reduced, the
North-South gap will definitely narrow when the &ate of trade equilibrium does exist,
however, a widening North-South gap is possibldiwithe framework of this paper.

Noticing the polarization of union-management ia torth, we can conclude the
following. In a scenario where the South has na deld the balance of trade equilibrium
is in place, assuming that the union labor in thati is sufficiently influential, the
monopoly power of the North will decrease and therthbSouth gap will definitely
narrow when international competition intensifi@ the other hand, in a scenario where
the South is indebted and negatively influencegritsvth thereon, it is necessary for the
interest rate on the South’s debt to be sufficiela in order to narrow the North-South
gap in the stable phase, with the assumption thtatriational competition intensifies
along with an influential union labor in the North.

In the unstable phase with the above-mentionedngstion, the gap continues to
narrow and finally reaches the point at whigl® (Figure 6). At that time, the debt
problem in the South vanishes. The following effettects this result. When the North’s
monopoly power is reduced, its net export decreadssn f decreases and subsequently
continues to decrease because the interest payrdentsase greatly from the high
interest rate. As f decreases, the interest paysmeititdecrease according to the interest
rate. A higher interest rate will further reduce thterest payments.

Fig. 6. Whenz Decreases (Unstable Analysis)
f=0

o.r— /

h

f

Therefore, what makes this paper unique is thélugtrates that when taking the
Southern debt problem into consideration, the wawlich the intensified international
competition influences the North-South gap diffeam the case in which a balance of
trade equilibrium is assumed thereon.

From the results described above we can obtain sopkcations regarding the
egalitarian policy. In the unstable phase, the elese of the North’'s monopoly power
decreases the gap. This result does not meandleft af payments is not needed: other
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factors can widen it and exacerbate the debt pnolitethe unstable phase. In the stable
phase with the higher interest rate, the decrefiizeoNorth’s monopoly power widens
the gap. However, in the case of the lower interatd, we obtain the opposite result.
Consequently, we showed that the egalitarian pdlicthe North from the influential
trade union is compatible with its internationalipg relief of interest payments.

We must remember that our result depends on thafiaion of parameters, as
we said in Appendix 2, and we don't introduce thiginational monetary sector into this
paper. On top of that, further empirical researab to be done on how the intensification
in international competition influences the mongppbwer of the North. These shall be
left for future studies.
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APPENDIX 1

Takeh as exogenously given, based on (10) and (11)adiestment equation of
terms of trade and the rate of capacity utilizatipandu, are given as

p=@A-m){l+1-3Z3U —fs*+@1-s)u}(1-V* b*)a* p .. (29)

1+z

= z5(a, —s)du .

a ... (30
L, tm (30)

The right hand side of both equations illustratesugplus in demand. Linearly
approximate this dynamic equation at its equilibrivalue (p,, U,) and we will obtain
the following Jacobians.

8y, = {S*+IL- SHHI-b*Va* ay, = - m){L+ Q- 9F 2L

:5(0(2—92 .. (31)

a, =0 a0 147

We now know this is stable becauseif <'s thentrace< 0 hencedef > 0.

APPENDIX 2

We assume thapi=m and s=s as a special case in Dutt (1989) because we

don't pay attention to the effect on income disttibn in the short term by interest
payments. Takdén andf as exogenously given, based on (22) and (23)atliastment
equation of the terms of trade and the rate of afypatilisation,p andu, are given as

p=L-m{l+1-3z30 {s*+@1-s)u}(1-V* b¥)a* p .. (32

1+z

U=ml+@1-97 {0 +{ul-s) +BH1-V* b a* prah+a, 5

1+z

Suh+B, —Bsf —duh ... .. (33)

The right hand side of both equations illustratesugplus in demand. Linearly
approximate these dynamic equations at their dyjuiln value (p,, u.) and we will
obtain the following Jacobians:

by = 8" +A- )AL=V <O by = Q=ML+ Q-9 >0

by ={u(-) +B}(1-V* B a* >0 by ={-(-m)+2)+(a,~mIZ T, (34)

1+z

Supposea, <ms, we can demonstrate thahce<O and dle{>0 becausé,, <0,

hence the stability conditions hold. Furthermorsing Equations (32) and (33), the
effects oth, f andz onp andu are given by

9p _ —@-m){1+(@1-92 1 g {-U-m)A+2)+ (0, -m9 3
9h |det
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, (1@-s) +Bo}(a-V b|)d a*; (A 2)a-m+smil
e

u_ s*(A-V* b)ar [m{l+ (- §3 2 +oy +a, 12,5, —8u]

1z

9h |det
_o*\(1=\/* h*) a* _ s _
+u(l s*)(1-V* b¥)a* [{1+ (@1 5)2}17“2+0(1+0(217226u ou] <0 .
[de
8p _ ~Bs@-m){1+ (- IzL <0
of |de1
Su _ {s*+A-sHupL-VEb)a*Bs
of |de1
(- mud2h?(a,-s)
9p _ (1+2)? <0
9z |det
gy @-V*bra* uhg| s*(az—ms+(1(—:1 )Hz(az_s)_Bz(l_”) S)
—_ < 0
9z |det
APPENDIX 3

From Equations (32) and (33), we get

= (a;h+B; —Bsf)A-m{l+1-37
E
E=(-V*b)a* {(1-s)pds-a,)+L-m)L+ 2(s* -B,)

—s* (0, —m9z+B,(1~- Msz

y=tsT+a=s)ui(ouh+p, ~f5)f 1+ 2)
OhE
Substituting Equations (41) and (42) into (26) éad), we get

h=(a, =B, +B5f)h

(h+PB;, —B3f)lap{s* +@—s) U} —Bh@A-m){1+ 1- 3 7]
@-s)uzs—ay)+ 1-m)A+ J(s* —B,) - s* (a, ~m9z+B, (1~ sz

f =@ ), —Bsf)+if

. (35)

(36)

. (37)

(38)

. (39)

. (40)

. (41)

(42)

(43)
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(a;h+B; —Bsf)A-m){1+ A~ 9ZH{(1- f)B, - s}
@-s)uds—ay)+ 1-m)A+ J(s* —B,) —s* (a, ~m9z+B, (1~ sz

(44)

Linearly approximate Equations (43) and (44) airtleguilibrium (h,, f.), we
obtain the following Jacobians.

- — f —_
(B1=Bs )szg“(l ) 1 -af,1-m){1+(@1- $Zh

ML) pas—,) + - M)A+ A(S* —B,) - 5* (A, - M9z + B, A Mz

Balaps*+@A=s)} —Boh@A-m){1+1-§ 7]

=B.h-
%z =Bs Q- pas-a,)+ [L-m)A+ J(s* —B,) —S* (0, MYz + P, (L- Msz

o = ay (- m){1+ (- 9{(1- f)B, - s <0
2 @-s)uds-a,)+ (- m)A+ J(s* ~B,) ~s* (@, ~MmYZ+B, (L~ sz

Cop ==(By =B, f) —Bs@—f)+i
@A-m)}{1+@- 3 B{(1-F)B, =% —Bo(ayh+B, —B5f)]
A-s)pzs—0a,)+ @L-m)A+ (s* —B,) —s* (a, ~m9z+B, (1~ n)sz

We assume that;; <0 andc;, >0.

Next we perform comparative statics orFrom Equations (43) and (44),

e G\ e (b
(Cﬂ %J[%J'(sz ... (45)

b, = —(ah +£21 ~Bsf) Qo {s*+@-s)uH1-m)(s* -B,)

+Bhm1-s)1-s)uzs-ay)
+Bzh(L-m)?ss* +Bh(L-m){(1- s u(s—a,) —s* (0, ~M9)] <O

b, = —(o;h+B; —Bsf)A-m){(1-f)B, -5 0
2 A2
{1-s)u(s—ay)+ Q-m)(s* B,)s+s* (Ms=—a,) +B,(1-mMs <0
A=(@1-s)uzs—ay)+ @A-m)d+ J(s* -By) —s* (A, ~MYz+ B, (1- msz

Thus,

dh _ bCy =b,Cyp

dz |det . (46)
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Fromtrace<0, we get
<Py —Baf +B3(- 1)
+ @-m){1+@-3 B[ Bs{(1- f)B, =5 +PB,(a;h+ P, —B5f)]
A

—B5f ¢ Hl-¢
(B1—Bs )sz1 ‘*( ) H} +G1B2(1_ m){1+ (1_ $Z}h
A
—Bsf $ Hl-3
(B1-Bs )Uzﬁ H1-3) 1} +G1B2(1_ m){1+ (1_ $Z}h
A

+

B=+

(47)

Also from fet>0, we get
I <By—Baf +B3A-T)
+ @A-m}{1+@1-97[Bs{(1-f)B, —s} +By(ah+ By —B5f)]
A
*C B —glf%_{ar?i{ll —;)(i}_ S Db =S
T —ayB@-m) {1+ (1-9h}
T —aB,A-m{l+d-9h}

. (48)

When dh <0, we get
dz

<Py —Bsf +B5A-f)
+ @A-m)}{1+@1-3Z[Ba{(1-f)B, =5 +By(0yh +By —B5 )]
A
L A=m){(-f)B, —sH(1-sHu(s-ay)
AF
LM Bsr st (ms-a) +BsAomiC, g
AF
F=oa{s*+1-s)uH1-m)(s* -B,)
+Bh@A-s)pu(s—a){mld- 9z + (1-m)}
D=1 A=m{(1- F)B, ~SH1-sYp(s—az)+ A-m)(s* —B) $Cpp
A F
L{s™(ms-a,) +B,51-m)}Cy,
F

FromB>0, C>0 andD<0, we geD<B, C.
Thus there is i with Equations (47), (48) and (49).

(@-m){(1-f)B, ~SH(1-S) U(s—0p) H1-M)(S* ;) 3 $(MS-0,)+B,SL-M)}Cip
af 8 A1 -8) WH(1-n(s*=B2)+B NML-s*) u(s—a){ Ml-9 zHL-mM)}+B,h(1— i $(s-01,)

the stability conditions hold.

Incidentally, wheni <+ [}
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