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1. Introduction

Dua exchange rate regime is fairly popular after the Bretton-\Woods system was failed in
later 1960s. Many of the western countries used it as a trangtion to move from a dollar based
fixed exchange rate regime to a market determined floating exchange rate regime. After over
twenty years of adjustment and readjustment, amogt dl the ngjor economies had accepted
managed exchange rate sysem. However, a large number of developing countries till adopt
separated exchange rates with a rdatively fixed officia exchange rate for government interfered
economic transactions, often for commodity transaction, and rdlatively flexible exchange rate for
sdf-balanced market transactions such as financid market transactions. In many more countries,
dthough there is no legd flexible exchange market, but the illegd underground black foreign
currency exchange market did exis. In such dgtuation, two foreign exchange markets
smultaneoudy remain in a country and it is often named as dua exchange rate market. In the
s0 cdled dud exchange rae regimes, centrd authority usudly intervenes in the commercid
transactions to maintain a sable current account in foreign trade while leaving the financid
transactions to a floating exchange rate regime to ensure capita account equilibrium by the
market force.

The World Currency Y earbook reported that in 1989 tota 113 countries under various
systems of foreign exchange controls maintained multiple currency markets during middle of the
80's. In 1998 there are Hill 90 countries with foreign exchange rate control. Among them,
twenty-four countries declared to adopt dua or multiple exchange rates. As commonly known,
in the rest gixty- Sx countries, which adopt fixed exchange rate regime, non-officid exchange
market often exigs in various illegd formats. (See exchange arangements and exchange
redtrictions, IMF, 1998)

Along with the foreign trade reform in Ching, the policy adjusment by the date in
exchange rae regime displayed tremendous smilarities as the western countries and developing
countries did. For over three decades from 1950s to the eve of 1980s, China adopted a fixed



exchange rate with Yua/$ rate equaled RMBL.5 to the dollar. An internd settlement rate of
RMB 2.8 to the dollar was introduced in 1981 by the government in the attempt to remedy the
subgtantia overvauation. From that time on the authorities began a steady and gradua process
to devaluate the officid exchange rate. In 1984 the officid rate reached its internd rate of 2.8.
The officid rate further increased to 3.2 in mid-1986, and then devalued the currency by 15
percert in the next year, taking the rate of RMB3.68 per dollar. Consdering the growing
pressure from illega black market for pressng the RMB further devauating, beginning in late
1986, the state introduced aforma secondary market for foreign exchange, often named as “the
swap market”, where the exchange rate was permitted to be much higher than the officia fixed
rate and to be floating in reacting to the market demand and supply. The co-exigence of officid
exchange and swap exchange market is a form of dua exchange rate market. In December
1989, the officid exchange rate was devaued by 21.2 percent while the swap rate reached up
to over RMB 6/dollar. When the time moved into the 1990s, there were severd more miner
devduations to bid up the officid exchange rate up to RMB 5.2 per dallar following the
preceding adjusment in the swap market. Then in January 1994 the officid exchange rate and
the swap rate were unified at the near secondary market rate of RMB 8.7 per dollar. Some
moderate appreciation holds the nomina exchange rate fluctuated within a narrow rage around
8.2 since 1995. The above description shows, from 1980 to 1994 China had experienced a
trangtion from fixed exchange rate to a dua exchange rate sysem, which ended up with a
unified managed-floating exchange rate (with the variety of exchange rate in Yua/$ of only
3.6% in eight years from 1994 to 2002, this would rather is considered as a managed fixed
exchange rate) in 1994. Currently, Chinese firms have ready access to foreign exchange e the
officid rate to pay for imports. Foreign owned and joint venture firms can convert domestic
currency profits into foreign exchange and remit them abroad. It has evidence that the
commodity market is dominated by officia exchange rate and is well integrated with the outsde
market. But the opportunity for Chinese firm and individud to hold foreign-currency



denominated financia assets, such as sock and bonds is eiminated. Foreign firms and
individuas are limited to buying foreign-currency denominated shares of Chinese companies
known as B share. In the meantime foreign firms and individuas are precluded from purchasing
Chinese-currency denominated financial assets, such as government bonds or stocks referred as
ashare. It is apparently thet the government of China only permits the financid market ashdlow
integration into the world market to prevent the financid risks. However, transactions conducted
in financid market are based on floating exchange rate determined by market demand and
supply.

One of the critical steps the state of Chinatook in foreign trade reform during the middle
of 1980s was to dlow exporters to increasingly retain large share of their foreign exchange
earnings. Exporters and importers were also allowed to access swap market to sell or purchase
foreign exchange on the swap rate. Thus, importers may gain extra profit by overvaue their
import at the officid exchange rate and sdll the extra exchange into swap market at higher swap
rate. Exporters could also seek for extra profit by undervaue their exports, and sdl the extra
foreign exchange earnings in swagp market. The incentive of fraudulent arbitrage caused
overwhelmed illega |eakage between the two markets.

Driven by my interest in the recent two decades history of the movements in Chinds
foreign exchange market, |1 have attempted to incorporate dua exchange rate and fraudulent
leakage into an optimization framework, so as to study the dual market phenomena rooted with
individud rationa economic behavior. Eventualy, as we have seen, dl dud track exchange
market has to transfer to a unified exchange market. The process of trangtion is full of risk and
some countries even fdling into turbulence. | intend to frame the dud track system into a
theoreticd model, which can be used to study the regime trangtion for choosing the best
possible trangtiona path.

Although the specific operation of dud exchange rate regime might vary across countries,

the basc dructure is amilar. It involves an officid (commercid) rate market in which the



exchange rate is determined by authority and is relatively appreciated, and a secondary
(financid or free) exchange market where the exchange rate is determined by market forces,
and is rdatively depreciated. An important festure of the dua exchange rate market is that the
illegd transactions from officid market to the free market in response to exchange rate
differentids are very likely to take place. There are indications to show that arbitrage activities
between the two markets is not just an interesting phenomenon, it has a practicaly significance
aswdll.

The literature on dua exchange rate sysems may fdl into two groups. In one, Authors
adopt the assumption that the markets in a dua exchange system can be conpletely separated
from each other. In other words, there are no inter-market transactions. [ See Argy and Porter
(1972), Marion(1981), FHood and Maion(1982), Flood and Marion (1983), Aizenman(1985),
Guidotti and Vegh (1988)]. With this assumption a dua exchange rate regimes would be
effectively insulated from outsde disturbances. This would dlow the sysem to pursue a
monetary policy independently from the externa disturbances. While the flexible exchange rate
maintains a baance in capitad account, the current account is buffered by the internationd
reserves. This could be true only if complete segmentation exigts.

The second group, mostly new literature, recognizes the illegal leskage between the fixed
exchange and floaing exchange markets. In a dud exchange rate sysem the financid and
commercid market are very difficult to keep absolutely separated because the divergence
between the two exchange rates prevailing in the two markets creates great incentives to
arbitrage from inter-market transactions. Economic agent would seek profit by misrepresenting
capital account transactions as payments associated with trade or vice versa (Flood, Perraudin
and Vitae, 1998). Early literature related with inter-market leakage can be found in the works
of Bhandari and Decaduwe (1987), Lizondo (1987), Danid (1988). Bhandari and VVegh (1990),
which studied how systematic over or under-invoice current account transactions would disguise

capital account transactions as trade-rel ated transactions and hence perform arbitrage activities.



Agenor and Debecgue (1991) and Agenor (1992) show how reserve losses from leskage in a
dua exchange rate system may lead to the collapse of a fixed exchange rate. As early as the
later 1970s, Rodriguez (1978) firgt noticed the ingtability feature in dua exchange rate sysem
and later Dornbusch(1983) and Kamin(1993) addressed the issue of steady-dtate cyclesin an
informal way. Flood, William and Paolo(1998) revisted this topic usng a forma conventiona
linear dynamic modd. They andyzed the reserve cycles associated with the leskage. However,
none of the research has ever touched the key point in dua exchange rate system, that is the
insatiability nature of the sysem and how an ungable systlem could ever maintain in a relatively
stable status, even with acydlica feature.

The presence of cross-market transactions implies that despite the separation rules
imposed by the authorities, the capital account is not in zero balance, and net accumulation or
decumulation of foreign ass is Hill possible. Moreover, the effectiveness of the dud rate
system to maintain the insulation of domestic market is actudly partidly offset by the leskage.

The dud exchange rate system, especialy corporating with illegd transactions, has not
been explored much under the representative agent optimization framework. To my knowledge,
andyss covering the dud exchange rate regime incorporating optimization behavior (see
Obstfeld (1986), Gudotti (1988)) all adopted the assumption of a perfect segmentation between
the officia market and the secondary market.

Instead of assuming an officid exchange rate to be fixed by the authority, as was assumed
by most authors, we apply a crawling peg exchange rate regime to the officid market and keep
the secondary market as a floating exchange rate regime. These improvement make the modd
closer to the red economy in which officid rate is not smply fixed without reection to any
externd disturbances. The modd congtructed here is based on the work of Guidotti and Vegh
(1988) and benefits from Calvo's (1987) agpproach to setting the individua's wedlth congtraints.
A fourth order differentid equations system is derived from the optimization framework. This
system would characterize the dynamic movement among individud’s wedlth digtribution and



government macro policy change. It dlows the examination of the effects of some exogenous
disturbances to the system. Anticipated and unanticipated responses are anadyzed. The results
we obtained here extend Flood, Perraudin and Vitde's sudy in cydicd phenomena in dud
exchange rate sysem. We show that the fraudulent leskage not only generates cycles in
resarves, it dso performs critica function in maintaining an undable sysem in a rdativey long
time period. As a common trend, most countries, which adopted dud sysemin early 80's, had
transformed, in some extents, to unified system by later 80's. The model developed here dso
dlows us to examine the trangtion from dud system to (1) a unified floating exchange rate
system, and (2), a unified crawling peg syssem. A complete dynamic solution from the modd is
obtained, which alows us to examine some vague issues in trangtional process.

The rest of the paper is organized as follows. Section one has developed an
representative agent optimization modd which links fraudulent arbitrage flows to the exchange
rate differential in a dynamic setting. In section two we analyzed the effects of exogenous shocks
including a government spending and an inflationary disturbance. Section three discusses the
unification of the dua system. We compared two different possible options and their results.

Section four concludes the discussion with severd possible extensons.

2. The Dual Exchange Rate Economy with Leakage

In this section we congder a smdl open economy with adua exchange rate system.
In this economy commercid transactions are settled in the officia exchange rate market a the
officid exchange rate e, which is depreciated a a congtant rate p (a case of crawling peg
exchange rate system) controlled by the central bank. The capital transactions are settled in a
non-officia exchange rate market a a floating exchange rate s, which is determined by the
market force without government intervention in this market. Both e and s are defined in unites

of domegtic currency per unit of foreign currency.



Asindicated by Denid Gros (1990):" the existence of adua exchange rate offers
arbitrage opportunities to economic agents in the sense that they would like to buy foreign
exchange a the lower rae and <l it a the higher rae” The following mode amed a
describing those features.

We assume that this economy enjoys a constant endowment of an exportable good y.
However the domestic consumer does not consume the endowment, the consumption good c is
imported from foreign market. For smplicity, we assume that the relative price of exportable
good in terms of importable good is set equd to unity.

As being usudly assumed, there is only one goods in the world, its domestic price P and
the world price P* islinked by the purchasing power parity, P = eP*. It follows that the world
price P* is set equd to unity for smplicity. SoP = e, and P =& , meaning that € is denoted as
inflation rate. In an economy with credit systlem not being highly developed, cash is the most
commonly used intermediary way for consumption. Especidly for a developing country like
China where financid system has not been wel developed, consumers mostly hold money in
terms of cash for consumption. It is natura to introduce the cashin-advance condraint, namely,
M = aPc, into the mode here. Here M is the nomind money baance and C isthe quantity of
real consumption. It can easly be converted to ared term, m = ac, where m isthe real money
and a > 1 Let the world interest rate be fixed a r, and the financid rate s be completdy
flexible, therefore the red quantity of externd assets-pecificdly here, the foreign bonds held by
the private sector isfixed a a congtant level.

Arbitrage Activity

This dud exchange rate system is characterized by the possibility of cross-transaction or
leakage between the two exchange rate markets. The basic feature for fraudulent behavior as
indicated above is that the economic agents attempt to buy foreign exchange at the lower ratein
trade market and sdl it a the higher rate in financid market. One of the important way to



circumvent the rules designed to keep the two markets separate would be a fraudulent activity
of overinvoice and underinvoice in both exports and imports. The illegd income from fraudulent
activities could then be repatriated at the market with a higher rate.

An interesting point we addressng here is that the fraudulent leskage may cause domestic
people to buy and sl foreign bonds. Although the officid rate e is depreciated at the rate of p
(actudly we congder the case of crawling peg), e could not reflect the change in market as
quickly as the financid rate S. This creates an opportunity for people to gain extra profit by
overinvoice or underinvoice in foreign trade. If the officid rate e is relatively depreciated
compared to the market rate s, the individud will take overinvoice in export and under invoicein
import. If in the case that the e is reatively gppreciaied vis-avis S then individud will

underinvoic in his export and over invoice in import. In this modd we define L, as the

measurement of the red amount of leskage at time t. Henceforth the gain from the leakage
would be a product of the difference between officia rate e and the market rate s and the total
amount of leskage L,. We define that the total amount of leskage is the sum of the leskage in

both export and import. When the market rate s is greeter than the officid reate e, the leakage
L ispogtive L isnegativeif sissmdler than e.

We indicate that under our assumptions, the change in the stock of foreign bonds held by
individud is only caused by the fraudulent leskage between the dua track exchange market with
the exchange earnings from export and import. Also we need to be aware that the illegd activity
of making leskage is not free of cost. Government prevents leskage by impose severe
punishment to fraudulent behavior. For smplicity we assume that the cost is pogitively correlated
to the amount of leakage L. Specificaly, we define the cogt function is quadrdtic, thet is

el?
2K

It implies that the benefit gained from faudulent leskage has an effect of diminishing

g(b) =

margina return associated with the quantity of leskage.
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Now we can define the profit function derived from fraudulent under-or-over invoice as.
eL?
2K
where s, e and L are defined before. The second part of ( 2.1) isthe cost of illegd transactions.

2.1)

p(Lt) = (St - et)Lt -

Kisst suchtha 0 < K < 1, to keep the cost at certain level. K can be interpreted as an
indirect transaction cost.

Consumer Utility Optimization

The representative consumer owns his wedth A =M + sb in nomind term, or a = m+
gb in ared term, where M is nomind money, b isthe foreign red bondsand q = e isthered
price of bonds while m=M/p isthe red term of money. The representative consumer maximize

his utility under the corgtraint of his wedlth accumulation:

A =ey +P(L)+reh - ec +et - Mp +sb, 22)
where P(L,) is defined in (2.1), y, is the endowment, b, is the foreign bonds, M, , the

money balance, t denotes the red transfers from the government to the individud. <b, isthe

term of capitd gain, re ly denotes the interest proceeds on holding the foreign assets and Mip

is the inflation tax. Let a = A/e be redl term of wedth and notice & = Ale- ap , We can

rearrange equation (2.2) in ared term as

P(L .
2 reqoh - o+t - mp - ap +pah 23

a=y,
Recdling the cashrin-advance condraint and the definition of wedlth,

A =M +sb

and it'sredl term

a, =m +qh

(2.3) can berewritten as
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P(L,)
e

t

a =y + +r.b -c +t, - (2ap)c (2.4)

further more, subgtituting with CIA congraint in Chapter (1) and the definition of wedth into
(2.4), we obtain:

2
&=y L@ -D- g2+ ra- (1 +2)a +)g +t 05
where r is defined from & = T«% - " It is dear that from equation (24) r, can be
interpreted as the red interest return on bonds. However, the second form of wedth congtrain
equation ( 2.5) ismore useful in solving the optimization problem.

Now the optimization problem that the representative consumer facesisto choose
¢, b, ,m and L, to maximize his utility over time from O to ¥, we state this problem as:

¥
Max ¢j(c, )e *" dt
Max, 9J(q)e

Subject to equation (2.5). where d stands for the time discount rate. We drop the
subscript t from this point on the purpose of notational simplicity. The optima conditions of the

problem are listed as follows:

U.=1((r +2p)a +1J) (2.6)
I=1(d-r) 27)
q=rq-r (2.8)
L =K(q- 1) (2.9)

Equation (2.6) is one of the familiar F.O.C, which equates the margind utility of
consumption with the product of margind utility of wedth | and the effective price of
consumption good which is the sum of market price (unity) and the opportunity cost of holding
a units of money. Equation (2.7) describes the evolution of the shadow price | . Equation (2.8)
indicates the dynamic path of the red price of bond g. Equation (2.9) givesthe optima leve of
leakage resulting from the arbitrage activity in export and import transactions.
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Using the definition of wedlth and the government budget congtraint and money supply
equation,
t=rf+mp-g (2.10)

m:f+%:f+% (2.11)

where f denotes the foreign reserve, g is the government spending and D stands for the
domestic credit. Both g and D are exogenoudy determined. p is the domestic price. Since we
assume the foreign price equd to unity, thus the p is equa to e by the P.P.P. assumption.
Combining the above two equations (2.10) and (2.11), we obtain
t=r(m-2)- g+
P (2.12)
This is useful for changing individud wedth condraint (2.2) into a baance of payment
equaion intermsof M. With (2.12), ( 2.2 ) can be described as:

2

M =ey+L(s- e)- zL—K+reb- ectr(M - D)- eg (2.13)
subgtitute (2.9) into the above equation, we obtain
, K X 1
M :ey+5e(q- D +reb-(—-r)M-rD-eg
a
ltsred termis
_ K ) 1
m_y+5(q-1) +rb+(r- =- p)m-rd- g (2.14)
a

where d=D/e isthered vaue of domegtic credit.

From equation (2.14), we can see the change of money stock is now affected by q,
therefore, equivdently by financid rate s. Thus the disturbances from externa market could
influence the domestic monetary policy through the inancia exchange rate. Affected by these
externa shocks, domestic monetary policy could no longer be independent.

Combining (2.6) and (2.7) we derive the second differentid equation, which describe the
evolution of the red domestic interest rate:
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f -—(m) (d-r)(r+2p +—) (2.15)

Congdering the equation (2.7), (2.15) has another useful version of description:

=Y my. Ly (a-1) (2.15)
I | a

This illustrates thet the change of domedtic red interest rate is rdaed to margind utility
associated with consumption ¢ and the first and second order derivatives of utility with respect
to consumption. Thisreflects that individua preference matters in amacro problem.

Under the assumption that the foreign price level and interest rate of the foreign bonds are
fixed, the aggregate levd of the sock of foreign bondsis fixed. In equilibrium the private holding
of bonds can only change as aresult of illegd transaction; therefore, the change of bonds equa
to the amount of leakage:
b=K(q- 1) (2.16)

Rearranging the whole system we obtain the following:

fn= y+—(q ik +rb+(r-—-p)m-rd g
i
U,

n- (- + + )= n-
fr= zl —& () - @- r)(r +2p a) -
_|_CI—IVQ-Ir
{b:Km-D
fli=1(d-r)

There are five differentid equations of m, r, g band | and are corresponding to

@-HUC
| a (2.17)

exogenous variables g, d, d, p and r. Setting r ,g,b and m equal to zero, enables us to solve
for the steady satel M, T ,gand b.

Letl = 0,weknowd=randl =1 .

Setting b=0, we obtain g =1. It showsin steady state, official exchange rate must equal
to the market rate. Thisisthe necessary condition of stopping fraudulent arbitrage in equilibrium,
and is dso an appeding feature since the modd confirms with the intuitive motion that any
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divergence between € and Sis not susaingble in the long run equilibrium. Logicaly, once the

free exchange rate Sis equd to the officid exchange rate €, then the foreign bonds reserve will
remain a certain level b because lacking the incentive of leskage. ¢ = 0 impliesthatr = r = d.
Noticing that m=M/e and sdtting r = 0, we can see the condition for steady state is m= 0.
Equivaently, it isM = pM . It tdls tha the growth rate of nominad money is dso p which is
equd to inflation rate. In other words, while there is a stable growth rate of nominad money,
which is as same as the crawling rate p, the growth rate of real money m must equd to zero.
This should not be surprising. For a crawling peg case, keeping the money growth rate exactly
the same as the rate of inflation is intuitively an acceptable condition to keep the economy a a

gable level. For memorandum, we rewrite the Steady state solutions here:

1

r
0 (2.18)

q

1

i

1

i ;
|

T 1 —
I(p+§_ rm=y+rb-rd- g
[

given initid conditions, we can solve both T and b . Meanwhile we can obtain the steady State

Lucas m=0,r =0, =0, b=0 and the Sopes of these curves:

m:—i(yﬂﬁ- rd- g) (2.19.1)
+ -
(p+=-1)
r_:':_tim(r' Lopyeir- :T"’C(y+rt_)- d- g} (2192)
_ I
=t (2.19.3)
q
=1 (2.19.4)

These four steady state solutions are important to describe the dynamic change caused by
any disturbances of government policy and inflation change. One interesting result we obtained
here is In steady state, @ =1. This implies that the necessary condition for steedy Sate is
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S=¢€.Appaettly if $>or <€, thereisno steady state. So the dua exchange rate system is
an unstable one.

By linearlizing the differentid equations in (2.2.17) around the Steady States, we have the
constant coefficient linear differentia equation system:

& 1 o]
ano ¢ F-—-P 0 0 I = an- Mo
C’\r'T ¢ : 1 ?gr S
¢ T=CF(r-=-p) r+2p+= 0 Fri¢ "7 (2.20)
Cg™ ¢ a +Cq-g-
q. q-q .
éb* ¢ 0 1 r 0 :g ] 53
¢ 0 0 K 0,
where F :U—2°°<0.
a‘l
We have two obvious conclusions from the coefficient matrix:
. Thetraceof (A) = 3r + p >0, so thereis a least one positive eigenvalue.
. The determinant | A| =0, it impliesthat one of the eigenvalue is equal to zero.

This result of the determinant is true given the assumption that 1/a - r > 0. The
implication of it is C -rm > 0. It means that in this economy, consumption level exceeds the
interest income from the money stocks; therefore, thisis afairly reasonable assumption.

Appendix (I1.1) demondrates the determination of dgns of the egenvadues of the
determinant | A|.

Condlusion: For the determinant | A| in (2.2.20), giventhat 1/a - r > 0, and knowing the trace

of it is greater than zero, and the determinant of it is equal to zero, we can prove that there is

only one negative characteristic root | , <0, one zero characterigtic root and two positive

characteristic roots.

The generd solution of (2.19) isin the form of:
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8@‘9 gé_ng gmu Uy oo u4196EK1e|1t':9'
¢r+_¢h+ ¢ —(;K e+
Gt ST, Gy it (2:22)

gb% gﬁé §u14 Uy - Mﬂé K B
where the vector 0, =(u, u, U, U,) is the egenvector associated with eiganvaue
| .The concluson ensures that, given initid condition, there exids a unique convergent

continuous dynamic path which satisfies the differentid equation system (2.19) provided that the
arbitrary scalar K =0 (i =2,3,). The convergent solution of (2.20) can be written as

Im=m+u,K, et “+u,K,

J;r =7 +u12Ke +U,K,

| (2.22)
194= q+u13Ke +u,K,
Tb_b"'u14Klelt+u44K4
The Eigenvaue-vector solved from the equation (A- 1 ;1) 0, =0is

: (r_l_p_li)uil+rui4zo
} 1 1

IF(r-—-p)u|l+(r+2p +—-I Ju, +Fru, =0 (2.23)
: u|2+(r l )u|3_0
t Kus - 1u, =0
wherei =14. For | , <0, itis

1
(I‘- —P- I )U11+rU14 =0
1
F(r - p)ull +(r +2p + 1)u12 +Fru14 =0 (2-24)

Uy, +(r - 1)U13 =0
Kuy; - Iyuy, =0

i
i
I
]
i
i
f

whilefor | , =0, itis
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1
(I‘ - ;' p)u41+ru44 =0

i
I
i 1 1 ~
iF(r-g-p)u41+(r+2p +5)u42+Fru44—0 (2.25)
: Uy, +Tu, =0

T Ku43 =0

From (2.24), we dso can solve the following relaionships.
_(r' ll)l 1(r'1/a'p'|1)u

12— K
__Il(r-lla-p-ll)u
13 Kr
_ (r-l/a-p-ll)u
r

11

(2.26)

11

14 11

From (2.25) itiseasy to see u,,,u,, =0, and
_ptl/ia-r

Uy = ——Uy,.
r

According to the theory in linear algebra, for a Fomogeneous equation system, if it has
solution, it has more than one solution depending upon the arbitrary value(s) given to at least one
variable. For equations (2.21) and (2.22), the generd solution is

.i. m= m +u11Kle| & + u41K4
+(r- )N (r-Ya-p-1))

|
J'r =7 2 u,K,e'"

|

| | (r-La-p-I (2.27)
iq=q- 1( p-1,) uKe't

i Kr

i, = (r-la-p-I -

%b:b- : r : l)ull|<1ellt+p+1/ra ru41K4

where u,, K, and u,,, K, are dl arbitrary scalars. For the purpose of convergence, we let K,

equal to zero. Also the solutions need to converge to a definite point. Since here u, K, is

undeterminable by smply using the initid condition, we have to set u,,K, egua to zero. The

solution of (2.27) issmplified as:
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im=m+u,K,e"
S LI (-Ya-p-1y) .

]: r=r " u,K.e?

|

i |, (r-1/a-p-| (2.28)
.I.q :q_ l(r a p 1) ullKlellt

i I /K I

%bZB- 1(r'1T<'p' 1)ullK1eI1t

From (2.28) we can derive:

:m_T——<OWhereql—( 'll)ll(r'lla'p'|1)<

ir-r a K

| m - -p -

|m—T= 1 >O,whereq2:|1(r l/a-p I1)<0, (2.29)
|q q 'q2 Kr

T m - -p -

|—m m—i<OWhereq3—-r a-p Il<0.

Tb'b 4s r

The solution (2.28) and (2.29) are derived from equation (2.21) and (2.22), the linedized
differential equation system around their steady states. Thus (2.28) representing a solution of the
gystem (2.20) and (2.29) shows the stable arms of the saddle path. The signs of the above
dopes are determined, which describes the tendency of movement of the variables in ther
dynamic adjustment process. The saddle pathin mand r spaceis adownward doping line. The
saddle path in m and q space is an upward doping curve. Findly, the saddle path in mand b
gpace is dso a downward doping curve. Knowing those relationships, we can now dart the

dynamic analyss of the above variables under disturbances from macro-policy change or
inflation change.

3. Dynamic Analysis of the exogenous disturbances.

In this section we will andyze the effects of exogenous disturbances of change in
government spending g, the dometic credit D and officid exchangeraeeonm, r, g and b.

Increasing in Government Spending
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(A) Unanticipated increase of g.

Let's consder an unanticipated and permanent rise in government spending g. For an
increase in government spending from g ® T, from (2.18)

ﬂ_m:%<o (3.1)
9 p+zoy
a

The red money badance decreases across the adjusment interval when the government
spending expanding.

It is easy to show that the steady dtate of consumption will reduce in proportion to the
change in real money baance due to the cashin-advance condraint. The fact is that once the
government raises its expenditure, the economy runs a current account deficit, which can be
seen from the balance of payment equation (2.14). On the impact, the change in current account
deficit isgiven by:
dm:-gel+p- rc—:jdm-dg (3.2

ea [

The effect of impact of an expanson fiscd policy manifests itsdf in a combination of an
increase in price level and current account deficit. The deficit will be financed by lowering the
consumption level over time until the system approaches to a new steady state. Since the casht
in-advance congrains relates the real money stock with consumption, a decreasing in m will
bring the consumption down to alower steady state level aswell.

By eguation (2.19), it is seen that the steady dtate level of the red price of bond ¢, and
the red interest rate r , are fixed at constants 1 and I respectively acrossing the steady states. It
means the seady date leve of g and r will return to their origind leve a a new steady sae
after atransitiona adjustment. Even though we cannot solve the steady state of bond reserve b
from equation system (2.17), equation (2.16) demongirates that the change of b is only
determined by the change of q. Thus when q returns to its steady state 1, b will return to the
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origind level b too.

In appendix (11.3), we proved the price level jumps up ingantaneoudy right after the
unanticipated rise in government spending. Intuitively, since in seedy dae, both the nomind
money M and the inflation grow at the rate of p, a depreciation in domestic money will reduce
the redl money stock. This can be shown in figure (1)

After the initid jump, the price leve will increase at the rate p once the system reaches a
new steady state if the crawling peg rate remains the same.

Now we need to know the initid jumpin gand r to derive the adjustment path, which the
dynamic system will follow. According to the equation ( 2.28 ) we obtain the following:

l,(r-a-p-1))
Kr

q-g9=- (m- m) (33

After the impact, steady Sate of red money baance will jump down from mto m’.
Giving g remains a 1 under any circumstances, equation (3.3) indicates that g >1 after the
policy shock because the coefficient of m, - M isposgtive. In other words theinitid jumpinqis
positive. We can interpret that athough aincrease in g causesthe inflation, the financid market's
response to the shock in red price of bonds is even more dramatic. This result is depicted on
Figure (2).

Next, let's take a look at the first two equations in (2.28), which show the relaionship

between m and ? along the steady arms.

_r—zll(r'll)(r'Klla'p'll)(m_ m) (3.4)

Because the coefficient of the right term is negetive, by the same token, we can prove the
initid impact of expansonary fiscd policy on r isnegative. Thus on impact, r will jump down.

If there is no leakage, the bonds reserve is a congtant over time, then according to the
Stable saddle path expressed by equation (2.29), after the initia jump g will return to its Steady
date adong the stable arm. Equation (2.29) shows that the saddle path in "m-q" subspaceisan
upward doping line. Therefore, the dynamic movement will be the following: On the impact, the
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red price of bond will jJump up from the old steady Sate point (m,1) to (M,1+ Dg) and then
move back aong the stable path to a new steady state point ™ with the same leve of g=1 but
a alower levd of m. Thisisillugrated in figure (2.2).

But now at the presence of leskage, as long as (] deviates from the steady State 1, the
private sector raises the incentive for fraudulent action, which will affect the dynamic path of g.
By looking a the phase diagram in "g-b" sub-space, we find that after the impact, the co-
movement of ¢ and b can be described as follows: On the impact, q jumps upward. But the
mode shows that arbitrage will reduce the difference between s and e, therefore to reduce the
magnitude of . Thisforces ( to drop down towards 1. Intuitively, Snce during thetimeq > 1,
illegal leakage accumulates the bonds reserves above b . In the new steady state, b hasto return
to the origind b leve. So there must be an opposite force to induce individua changing from
under invoice in export and overinvoice in import to an opposite one. Thisimpliesthe red price
of bond should not directly return to unity along the saddle path, but will decrease to undershoot

the steady State, then increase near the "g-b" stable am to return to 0= 1. Meanwhile, b
increases when ( is grester than 1 and then decreases after g undershooting the steady State.
This dynamic can be seen in figure (2.3)

The implication of the aove dynamic is tha the red bonds reserve b is not a jump
vaiable.

By using equation (2.13), we can show:
‘l_'\g" <0 (3.5)

An increase in g will ingantaneoudy bring the nomina money growth down. With thisin
mind, we can describe the dynamic of q, bandr intemsof m:

On the impact, the redl money jumps downward and then decreases across time until
approach the new steady state mM(. g jumps up on impact and then dowly decreases to
gpproach unity. It kegps moving downward to undershoot the steady state until reaches the
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dationary point, then start to climbs up back to the origind Steady state: g=1. Thisdiagram is
depicted on Figure (2.4). The bonds reserve b, according to figure (2.5), increases initidly as
m decreasesto m’ in an adjustment movement. After reaches the sationary point, b decreases
until it reaches the steady state b . We describe these dynamic movements in figure (2.5) and
(2,6).

Meanwhile, thered interest rate r decreases on impact and rises dong the saddle
path monotonicaly toward its Seady state I = r. We depict thisin figure (2.7).

Following the fact that the increase in government spending causes a deficit in current
account because the government takes over more resources, fewer resources are available for
consumer use.  The deficit will be financed through time by lowering the deady Sate
consumption level The representative consumer rationdly predicts depreciation in officid
exchange rate, they aso foresee decreasing in consumption. For preventing the inflation, they
would like to buy foreign bonds. Logicaly, this will increase the redl price of bonds and bid the
financid rate s up even more than the reaction of officid rate. The exigence of leakage will
generate the incentive for underinvoice in export and overinvoice in import, which in turn causes
a further increase in the stock of foreign bonds due to the exporters and importers invest their
illegd income of foreign currency in foreign financid assets Asfar as g is greater than unity, itis
profitable to sdll these assets and repatriate & the financia rate. Along with the decrease of
bonds reserves, the real price g drops down. When q reduces below unity, it will induce the
incentive of overinvoice in exports and underinvoice in import, hence reverses the dynamic
movement of b urtil it returns to steady state b . Meanwhile, the domestic redl interest rate r
drops on impact as a response to the decrease on consumption. As q starts decreasing, r will
climb up dong the saddle path over time to induce the consumption path and finaly returns back
to the same equilibrium level of X (t) , This givestheintuition of the movement in sub-spaces of
"mq’, "m-b" and "m-r " depicted in figure (2.3), (2.5) and (2.6) respectively.

Besides the dynamic in the above three sub-spaces, it isaso interesting to congider the "q
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- " aub-space. Using the second and third equations in (2.23) and (2.24), we obtain a
downward doping line

q- 7= (r-1 (36)

1

r(r-1,)

Together with equations in (2.18.3) and (2.18.4), we can depict the phase diagram in
figure (2.7), which shows the consstence with al the three diagrams from figure (2.4) to figure
(2.6).

We conclude the above discussion by combining All the figures (2.4), (2.6) and (2.7) to
establish a three-dimensond figure which depicts the dynamic change caused by aincrease in
government spending in athree dimensond space. Thisisthe figure (2.8).

(B) Devduation

Now we will consder the effects of a permanent and unanticipated "once for al”

devauation of domestic money, thet is an increase in officid rate e. According to the one price

law, arise in e implies an upward jump of the price level and thus reduces the red money

bal ances ingtantaneoudy. However, from equation ( 2.14 ), we can see that the change of red
money balanceis postive over Seady Sate,

am _ rD

am___ ™ 50 3.7)
de e’(p NES r
a

where D isthe domestic credit in anormind term. In the origind steedy state, on the impact, the
price level jumps up ingantaneoudy to induce an ingtantaneous drop in real consumption. After
an adjustment interval, the rea baance of money stock has to be raised proportiondly.
Knowing that m(>m and the increase in domegtic price, nomind money baance M will be
higher in the new deady date. As a duggish variable, the growth rate of M must exceed p
across the adjustment period. Following the cashtin-advance congraint, consumption adso fals

when impact occurred, therefore the economy runs current account surplus during the
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adjustment period, given that the consumption will be increasing over time.

Smilarly as we andyzed in the case of increasing in government spending, the impact of
an increase in e will decrease the red price of bonds. It follows from equation (3.3), and
knowing m'>m, clearly the initid jump of g must be negative. So on the impact, q
ingantaneoudly drop to the level less than unity. Figure (2.9) depicts the co-movement of g and
bonds reserves b:

The red price of bonds, q, declines on impact implied by equation (2.25) and then
increases over time as indicated by the phase diagram (2.9). So in this case, the financid rate S
depreciates proportiondly less than the officid rate. As long as g remains below unity, the
individua has an incentive to overinvoice in exports and underinvoice in imports, thus causng a
decrease in the stock of bonds. This will continue until g surpass the unity and overshoot the
long run steady state, which induces an underinvoice in exports and overinvoice in imports, thus
re accumulates the bonds reserves back to b . Figure (2.10) and (2.11) illustrate the dynamic
path 'm-q" sub-space and in "'m-b" sub-space. Both the schedules move rightwards after the

devauation.

Smilaly as we andyzed in the lagt case, the red interest rate r . rises on impact and
drops down over time.

It is clear that from equation (2.16) and (2.19), g will remains at unity across the steedy
states and the bonds reserve will remain at constant b across steady states, too. Intuitively,
when the devauation in domestic currency occurred, a rise in the red money baance implies
that the nominal money baance will increase. Meanwhile, the consumption drops down. The
€conomy runs a current account surplus during the adjustment. Individuals will sdl bonds to
smooth their consumption, which lowers the red price g down below unity. Aslong as q is
less than one, the presence of leakage would causes individuds to overinvoice in export and

underinvoice in import, which in turn, causes a decreasing of bonds reserve. In this process
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exporters will sdl bonds to acquire foreign currency, which in term trade in with domestic
money. Henceforth, cause a decrease on the stock of bonds. Once q decreases to the extent,
which undershoots its long-run vaue of unity, it will induce underinvoice in export and
overinvoice on import. Thisis the driven force in the incomplete dudl exchange market to drive
the economy back to equilibrium. Red interest rate r jumps up wards as a hatural consequence
to the change of g. Later on, when individuad starts buying foreign bonds at a attempt to secure
the vaue of their wedth when inflation became dleviae, r reduces monotonicdly to induce a
upward consumption peth.

(C) Change in the stock of domestic credit

The other common and important disturbance we would like to address here is an
unanticipated and permanent decrease in the stock of domestic credit. This exogenous
disturbance causes smilar consequences as we have seen in the case of devaudtion. A critica
difference here lies on the difference response of the price level. By the smilar andys's, we may
see that on the impact, the price level decreases instead of jump up as is in the case of
devduation. The red money jumps up on the impact and then is adjusted across the transtiona
interva to a new deady dtate. The new steady state of real money ™ is greater than the
origind leved m. But whether m will increases across the deady states depends on the initia
jump of the price level. The adjusment path of the red price and the red interest rate of bonds
issamilar asin the case of devduation. Thusinduced by the change of red price g, the reserve of
bond b and the consumption C are supposed to have the smilar behavior as we discussed
before.

We summarize the results obtained in this section:

(1) The bonds reserve appears cyclical scenario generated by fraudulent leskage. This

result is consstent with Food and Vitale's study in reserve and exchange rate cycles
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(1998).

(2) The exigtence of fraudulent leakage reduced the disturbances by exogenous impacts,
both from government expenditure and from currency devauation. It is the leskage
based on cross-market transactions that engage in the performance to maintain the
ungtable system around its steady dtate level.

(3) Dud exchange rate regime is an undable sysem. In the long run, unificaion is an
ultimate degtiny.

2.4 Unification of Dual Exchange Rates

The discussion in last sections shows that dud exchange rate system is nevertheless an
ungtable system. In order to achieve long run equilibrium, countries with dual exchange markets
must transfer to a unified exchange rate system. Consequently, a country adopting dua track
system will not be able to maintain in stable permanently. The higtorica records have shown that
many countries that adopted dua exchange rate system have sooner or later transferred into
some kind of unified exchange rate system.

In this section we will sudy the trandtion from a dud regime to a unified exchange rate
regime. First we determine the solution of the exchange rate addressed by the modd in section
(2.2). By using the assumption of zero speculative profit, we can solve the solution explicitly.
Second, we andyze the dternatives targets of trangtion from dua regime to a unified regime.
We will end this section by a discussion about the volatility prior to the trangtion caused by nor+
market fundamentals.

(@) The exchange rate solution

From the modd in section (2), the definition of g=ge, equation (2.7) and the assumption
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that the officid rate ‘€” follows the crawling peg exchange rate regime, we can obtain the
generd solution of the exchange rate for the dua exchange rate region: (See appendix (11.4) for
the derivation)

t)=-¢ rL e” +c,e™ 't 4.2

Where ¢, and c, aretwo congtants to be determined.

Prior to the trangtion, the authority, as well as the market will set exchange rates at levels
such that speculators will be failed to anticipate speculative profits by entering the market at the
moment right before the trangition.

As having been discussed by R P. Flood and N. P. Marion (1974), given no information
what exchange rate regime will be adopted after trangtion, speculators can only estimate the
expected vaue of each foreign exchange based on the avaladle information up to date, if the
trangtion will be made to that particular regime. The absence of expected speculative profits
requires the expected unified exchange rate will be
X(T ) = pu(OVy(T) + pp (V5 (T) +300¢k (L py(t) - P, (L) - < py; (1))V, (T)

(4.2

Where p,, i=1,2,3...k-1, is the subjective probability imposed by speculators at time t
to an actud trangtion to a pecific exchange rate regime “i”, and the V. (T) s are the expected

vaue of a particular exchange rae regime a time T, if the actud trangtion is made to this
regime. T stands for the time when the trangtion occurs, while T is the time right before the
trangtion. This expresson states that the unified exchange rate just before the trandtion will be a
welghted average of foreign exchange under each possible exchange regime.

Together with the initid condition set at the time t = O, the condition that speculators
abandon expected profits prior to the trangtion date will form the termind condition to dlow us

to determinethe value of ¢, and c, in the solution of (4.12).

At time 0, the time prior the adoption of dud regime, the exchangerate is
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s0) =c, rL +c, 4.2)

The absence of expected speculaive profit at time T implies

r L
gT) =- QrTepT +c,e T

= Py (OVL(T) + P, OV, (T) +300¢ (1- py () - P, (L) - 2 p; (D))V, (T) (4.3)
Combining (4.2) with (4.3), we can solve the equations to determine:

s =57 - GROMM)

1 *
rP_*epT(l_'_e-r T)

(4.4)
5€® T - G(p (t),V, (T))
epT (1+e-r*T)

2 0

where G(p. (t),V; (T))is the weighted \alue of dl possble exchange regimes. This completes
the solution of the dynamic path of the unified exchange rate. Now we can specify the dynamic
path of the unified exchange rate:

r(s,e® " " - G(pi )V, (T)er" ™
pl+e’T)

| 5eP T G(PON M)y -y
epT(1+ e- r T)

gt) =- + (S,

(4.5

For a ample example, if there are only two dternatives of targeted foreign exchange

regimes: fixed regime and floating regime, and the corresponding initia and termind vaues are
6.5 yuan per dollar and 8.2 yuan per dollar respectively, the unified exchange rate will be

st)=-¢ rL e +c,e™ rt (4.6)

where

_5e” T - {p(t)6.5+(1- p(t)8.3
rp_*epT(l_i_e—r*T)

G
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s,e® T - { p(t)6.5+(1- p(t))8.2
fT(l+e’ )

C, =S, -

(4.7)

Figure (2. 13) depicts the smplest case of foreign exchange right before the criss. The
above discusson dates that the new exchange rate prior to the trangtion will be a weighted
average of officid rate and the floating financid rate in order to drive the speculative profit to

Z&x0.

(B) Alterndtive targets of exchange rate unification

Based on the model developed in section two, we will examine the trandtion process
from a dud regime b dternative target regimes and the corresponding consequences. While
economic agents are uncertain about the nature of the post-trangtion regime, it is the economic
authority’s mgor task to determine what will be the target regime after the trangtion. Among dl
the consderations, a smooth process of the trangtion is dways a mgor concern for authorities.
We will see that it might take longer to generate a smoother trangtion to a target regime. If the
authority needs to complete the trangtion quickly, the cost will be volaility in the exchange
market.

Two cases will be discussed. (1) The target is a floating exchange rate regime. (2)
Targeted on a crawling peg regime. Although fixed regime will be another dternative, snce there
isamost no room for absolute pegged regime after the crush of Bretton Woods system in 1972,
crawling peg regime provides awider range of generdity.

(1) Crawling peg regime.

Solution (2.4.1) describes a floating dynamic path of exchange rate during the dua
regime. During the dud regime period, there aso exists a commercid exchange rate following a
crawling peg regime with the depreciate rate p st by centrd authority. These two dynamic
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paths are not overlapped in general. For a smooth trangition, central authority nay choose a
crawling peg exchange rate as the pogt trangtion target. First, by adjusting the rate of
depreciation, the central authority can gradualy reduce the difference between the commercid
rate and the financid rate, therefore to generate a smooth trangtion. Second, if the time is
dlowed, the centrd authority can adjust the rate p, S0 that the exchange rate vaue of the
financid rate and the vadue of the commercia rate will be identicd at the termind point of time,
thus to complete the transition a a pre-planned time T.

This can be described by the following equation. Suppose a time T, the financid rate and
the commercid rate are identicd, thet is:

ST)=-G—e" +5,e T =g’ =e(T) (4.8)
r

The left Sdeisthe vaue of floating finandid regime at time T. The right Sdeisthe vaue of
crawling peg regime at time. Together with equation (4.7) and (4.8), we have:

P-r)T (p-2r)T T

- §.€ -se +G(1+e .

2 epTo — ( ) =g, +5,e" ' (4.9)
@+e )

where the G is a weighted average of expected foreign exchange rate vaues a time T. From
this equation we can literaly solvefor T in terms of the depreciation rate p:
ING - Ins,(1+€,)
p-r
It is gpparently that when the rate of depreciation p increeses, the time of trangtion will

T = (4.10)

be decreased, therefore to complete the transition sooner. Together with the accommodation of
adjusgment of other macro economic fundamentas, crawling peg regime provides a policy
choice that the adjusment of a dngle indrument “p” can ggnificantly dter the length of
trangtion. Thiswould be an advantage for authority to choose crawling peg as atarget regime.
By adjugting the rate p, the central authority can precisdy determine the time of trangtion.
Since the financid rate and the commercia rate are adjusted to approach each other, the

trangtion will be a smooth one.
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But since the step for either crawling peg or the adjusting in rate p mugt be amdl, this
trangtion will not be easy to complete in a rativey short period of time. However, the
higorica cases in Itdy, France and other western European countries show that most of the
trangtions did not take for long. It usudly completes in an extraordinary short period of time.
The mogt recent trangition in China showed some kind of Smilarities asin those countries during
seventy’s. It was planned to complete in a smooth but longer term scope, but it turned out to be
forced to complete in avery short period of time. And most trangition ended up with a managed
floating regime. We here discuss the second case:

(2) Hoating exchange regime.

In (4.1), the dynamic solution of exchange rete is determined by the termina condition,
which is the weighted mean of dl possible vaue of targeted exchange regimes at time T. If the
dternate target is floating regime, once the actua regime switch was announced and et at time
T, there will be a discrete jump to the expected or red floaing regime vaue. When agent is
uncertain of the nature of the post- regime trangtion, it is unavoidable for this kind of discrete
jump. This will cause volatility during trangtion or even after trangtion, but it does not need a
dow movement to complete the trangtion. The trangtion could be completed ingtantly, thus to
avoid the possible speculative attack prior to the trangtion. In red world, once economic
authority decides to transfer from dua regime to target regime, very often the development of
gtuation will be beyond their control. Authorities are willing to see a gradud, smooth trangtion
S0 that they can use dl instruments to ensure the economy in a regulated track. For economic
agents, they am a the posshility of speculative profit, or a least protect themsdves in the
trangition process. Based on the available information, expectations made by agents would be
likely to overreact over policy sgnds, hence to cause market volatility. Authority would be
enforced to speed up the trangtion either for the purpose to protect foreign reserve or stabilize
monetary policy to prevent possible inflation, or to defend externd financid attack. We have
seen that authorities switched their trangtiond strategies targeted from crawling peg to floating
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regime. The interesting results is, during trangtion from dua exchange rate regime to unified
exchange rate regime, voldaility are not caused by economic fundamentas or policy
inconggtency, but often by individua agent’'s expectation and the uncertainty factors in the
process. We depict the Situation in Figure (2.13).

(C) Volatility prior trandtion and its subjective probability

As to the voldility during and before the trandtion time, there is one aspect of the
confusion in exchange market, which has rardy explained in literature. What caused the
exchange rate volatility prior to the trangtion? Since economic authorities proposed on a stable
trangtion, monetary and fisca policies are applied to ensure that macroeconomic fundamentas
will be stable. However, we have bardly seen any country ever experienced a stable process
prior trangtion. According to most of the research, dynamic path of exchange rate should
depends on market fundamentads such as foreign reserves, money supplies, government
spending, current and capital account balances and so on. But redity has shown some kind of
inconsstency with theories. The voldility in exchange rate path did not in coherence with market
fundamentals. Our model here provides another explanation. (4.1) shows that, except for the
money growth rate p, the dynamic path of exchange rate does not depend on most of those
fundamenta dements. Rather it is affected by the subjective probabilities settled by economic
agents. Because of the incomplete information and temporary nature of trangtion, agents make
their subjective expectation of the probabilities towards the future target regime only based on
temporary and frequently changed information Many of them are likely to be rumors but could
dramaticaly stir psychologica disturbances. As long as the trangtion is not completed yet,
agents have to adjust their prospective expectations. As a mgor factor in the exchange rate
path, (4.5) and (4.6) demongtrates that the changein G(p, (t),V, (T)) will

affect the exchange path, hence to cause the volatility prior to the trangtion. In addition to the
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affects from market fundamentds, agent’s subjective probability of the prospective regime and
the corresponding vaue of each exchange regime play even more important role in the

movement in exchange rate prior to trangtion.

2.5 Conclusions

This paper gpplies an optimization framework to establish an incomplete segment dud
exchange rate modd. For the mgority of multi-varidble systems described by differentia
equations, normdly we cannot literdly solve the solutions from the system simultaneoudy.
Therefore systems such as these are very difficult to andyze. However, by linearize the
differentia equations, knowing that some of the information will be lost, we obtain a fourth order
linear differentia equation sysem generated from the modd. This differential equation system
enables us to analyze a dynamic co-movement of four important variables, namely red money,
real foreign asset and red price aswell asred interest of the foreign bond.

We use this model to examine the effects of exogenous disturbances on the system.
Unexpected disturbances such as expansonary fiscal policy, devauation of the domestic
exchange rate and a change in the domestic credit have been consdered. Unlike most papers
deding with cross-market transaction leakage, we found that the presence of leskage buffers
the exogenous shocks by reducing the magnitude of the jump in some variables caused by the
indigenous disturbances on the system. Instead, fraudulent leskage leads to akind of oscillatory
and cyclica movement in the dynamic path of these variables. The reason for such a movement
is because the presence of leskage. Any effect obtained from the differentia between the officia
and market exchange rates will be offset by an opposite effect, which is generated in the same
process as wdl. In this way the leakage phenomenon brings a free market mechanism into a
dua exchange market, which is origindly regulated largely by government administration force,
and consequently reduces the volatility caused by exogenous disturbances.
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The purpose for the adoption of dua exchange system is to control capitd flows to
prevent baance-of-payments pressure (Cumby,Robert E. 1984). This mode implies that the
government might tolerate the existence of leskage in order to reduce the impact from
exogenous disturbances. While keep loosing the control on capita flow, the fraudulent leskage
does helps the economy to remain around its steady States. Is this a trade off? For the case of
China, the disadvantage of dua system has been criticized from various aspects. Efficiency and
socia welfare losses caused by the fraudulent leakage related to the large differentia's between
the officid rate and the market rate yields a big question about the viability of the system.
However. the dud system existed for more than decade. Does this give us some implication?

With the tendency that the difference between the two-exchange rate disappears over
time, it implies that a dud exchange rate regime can not sugtain in the long run. A sudy of the
trangtion from the dud system to a unified exchange rate sysem, especidly the dynamic
transitional process is an dtracting topic. The main advantage of dynamic gpproach is to
illugtrate the movement of a system by the corresponding dynamic paths. However, it is totdly
depending upon the solution from the system, mostly, solution from differentid equation system.
However, we successfully solved the dynamic path of floating exchange rate. This provides a
convenient vehicle to discuss the unification of dua exchange rate regimes.

As we are aware that using the linearizing gpproach to solve differentia equation system
often leads to a loss of information. Methodologicd improvement including the introducing

numerical methods seems a greet challenge to economists working on the dynamic problems.



Figure (2.1) Dynamics of Nominal Money,
Real Money and Price Jump up
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Phase Diagrams on the Effect of Unanticipated Increasein

Government Spending

(without Fraudulent L eakage)
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Figure (2.2) Phase Diagram of Real Bonds Price
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Phase Diagrams on the Impact of Unanticipated Increasein
Government Spending

(with Fraudulent L eakage)
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Figure (2.6) Phase Diagram of Real Interest Rate
and Money
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Phase Diagrams on the Impact of Unanticipated Currency
Devaluation

(with Fraudulent L eakage)
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Figure (2.13) Exchange Rate Unification

without speculative profit
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Figure (2.13) Exchange Rate Unification
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APPENDIX II:

APPENDIX AND SOLUTIONSTO CHANPTER (2)

Appendix (11.1) The matrix (A) in Chapter (2) has only one negative igenval ue

For the matrix (A) of ( 220 ) in section two, the eigenvalues of A are solved from the
characteristic polynomia P(1) generated from the characteristic equation |A-11[=0.

Polynomid P(I ) can specified as:

P(1)=1*- (A+B+r)I*+(AB +rB- rA)? - (rAB+Kr U°°_)I (A1)

a’l
whereA=(r-Lla-p)<0,B=(r+2p+1a)>0.
For the equation P(l ) = O there will be four roots, namelyl | ,1 ,,1 I ,. According to the

Weida theorem, which describes the relationship between coefficients and roots, a 4 Th order
polynomia P(l ) can be described as

4 4 4
P(I)=1*- (él' DI+ ( ,él_llil I - (__k:‘l;u’ii LIS 1R PP R (A2)
i= i,j=1,it ] i,j,k=1,it j*

the coefficient of the third order term, namely the coefficient of term | 2 is
|+, +l,+1,

whichis equal to thetrace of ( A), equa 3r+p > 0.

meanwhile, the coefficient of theterm of | islessthan zero, Specificdly this coefficient is equa
to

Lo+, 1o, +1 g, <O. (A3
Assuming thet | , =0, then (A.3) becomes | I ,I ; <O.

Now it is clear that there is a least one negetive eigenvaue.

Since the trace of A is greater than zero and the product of the three eigenvaue is less than
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zero, therefore, there is only one negative egenvaue. Without loosing generaity, we can denote
that
|, <0, 1,>0,1,>0,1 ,=0.

This proves the concluson in section two.
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Appendix (11.2) To prove that thefirst eigonvaluel 1 < r - 1/a - p.

We prove here that the location of the unique negative eigervdue | |, must beintheareaof | <

r- la - p. Inappendix (1) we showed there is only one negetive eigenvalue. Let's check the
vadueof P(r - l/a - p), where
P( ) isthe characterigtic polynomid.

L= 1.
P(r-g-p)—‘A- (r-= p)l‘

0 02 0 r
1
F(r-—- 3p+— 0 Fr
(r-—-p) 3p+=
1
0 1 —+ 0
= a p
0 0 K -r+i+p
a

:rF(r-l- p)><0
a

Since P(0) = 0 and P( | ) ismonactonicaly increasng inthe arear -1/a - p <l <O0. Thusthe

negative root can only belocateintheareal <r- l/a - p.
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Appendix (11.3) To prove an increase in gover nment spending will cause inflation

From section (11), we have the following equations, which describes the resource congraint, the
government budget congtraint and the money supply:

}y:c+g

it =rf+mp-g (A.3.1)
tm=f+D/p

Using the cash in advance congraint and the firgt equation, we have
m=a(y- g) (A32)
(A.3.2) together with the second equation of (A.3.1) derives

m:t+rD/p+g

(A.3.3)
r+p

equating (A.3.3) with the third equation of (A.3.1), we can expressthe price p in terms of g, the
government spending:

rD

?=a(y- o)r+p)-t-g (A.34)
It iseasy to see

dp _ p*(A+a(r+p)) _ g
dg rD '

S0 an increase in government spending will cause inflation.



