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ABSTRACYT

In this thesis an attefpt has been made to reformulate the
models explaining the determinants of exchange r&tes in the
blgéf larkéts. Rore specificaily, the thesis develops a
"lénetary" approach to the analysis of black market exchange
rates and orients the model towards the special coiéitions of
India. In the model, the black market exchange rate is
detetlined by the conditions of stock equilibrium, rather than
by current flov supplies and demands for foféiqu exchange,
Moreover, the anaiysis is essentially general equilibrium in
nature, unlike thé partial equilibriums approach of models in the
current literature, Furthernore,’it allows for the possible
interaction between smuggling and the black market for foreign
currencies, .

The thgsis derives theoretically a rédqceﬁ fora equat@on'
with the official exchange rate, the nominal gquantity of pohey;-
the reaitiével of income, the interest rate, the world prices of
g01d and silver and the world price level as pgincipal .
deterlinanfs of the black market éxchanqe rate in India. The
Atechnique of ordinary least sqqsfes‘is emrployed to estimate tpe )
reduced fors. The results éhqqest that a nonetari expfnsioﬂ at
hoame, the interest rate, the real léiel'6f”iﬁédié"ai&”tﬁe\iofld
- price of gold have—a‘gtatisticaily signifibanf’inflﬁénce onvthe

black market exchange rate,

iii



The tﬁesis also analyses the efficiency of black markets in
foréiqn currencies for India, South Korea and Taiwan, where
eéficiency,is considered to exist when current prices "fully
reflect™ the relevant information. The market efficiency tests
are performed on both the veek17 and the monthly exchange rate
series, The data for the former is taken from Par Eastern
Ecopomic Reyiew and for the latter from Pick!s Curremcy
Tearbook. | |

Barket efficiency is tested by*cénsidering the statistical
significance of autocorrelation fumction oﬁ»rates%of retarn, the
analysis of ruans and trading strategies such as filtgr rules.
The analysis concludes that at léast in the veak form sense, the

hypothesis that black markets in foreign currencies are

efficient cannot be re jected,

iv
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I. Introduction »

A price ceiling, vith or without rationing, is likely to

'give rise to a black market, In such a market, the commodities

are sold illegally at a price that is above the officiaily
persitted price, The central anthorities set the price that
producers receive for their product, which is Pelow the/'

free-iarket price. This lowers the quaﬁtity snppliedf{o the

market, Hovever, at the retail level, this price control is

difficult to enforce and the opportunity for a black market

eaerges. It pays black market partiéipants to buy at the
controlled price and sell at the (higher) black market price.

Since goods are in short supply, the consumers willingly pay a

higher price than the government set ceiling price.

There is ample evidence that anp effective price ceiling is
usually ;cconpqnigd by therglerqenge of ?,b;?¢k ;grkgt.rnurinq
¥orld war 1 and vorld ¥ar ll, major belligerent powers
instituted schemes that set the prices of aany food iteams below

the free-market equilibrium prices, These scheames led to



shortages and to the establishsent of a black market. Tight
market conditions vere reflected in the institution of
"trekking®™ which developedkin a number of éountries. City
dvellers searched the nearby countryside for food, making
private black market deals with the farmers, The more the
governments succeeded in cbntrolling the prices of food-stuffs
in the foicial na:ket, the more the system of trekkinq;
flburished. 1 2

The existence and operation of the black market has not .
escaﬁed the attention of researchers. Boulding (19337),
Bronfenbrenner (1347) and Michaely (1354) have analysed
theoretically the operation of this market for a single
commodity,3 Only recently however, have models for the analysfs
of black markets in foreiqn»;nrrencies been developed, partly
because of a better understanding of the black markets by the
acadeaics and partly because of the greate; availability and

accuracY of data, * These markets are a consequence of controls

Lodde k2R L R T 3 2 2 T 2 XY .

iPor iiﬁiance, see Cohen (1943) p. 378. .\

2In recent timses, minimum wage lavs, rent cogtrols‘énd various
price support programmes may be cited as instances of
intervention by authorities in the free operationm of the price
mechanisa, ;

32 simple analysis of black markets could also-be found in the
price theory text-books. See, for example Hirshleifer {1976} ch.
2 and Layard and Walters (1378) ch, 6.

*Yor example, see Culbertson (1975), Sheikh (1976), Blejer
(1978), Fishelson (1978) and Giddy (1978). -

12



ismposed on the foreign sector by some, bu£ especially the
developing countries, 3 The restrictions on the foreiga sector
take the form of tariffs and quotas on géods, controls on

capital flows 'and foreign exchange transactions. ® These
requlations lead to smugqling, illegal capital flows and to the
estahlisﬂlent of a black market in fbreiqn currencies to finance .
the illegal imports and exports of goods and assets. Controls 66;7
the foreign sector a é popialar with developinq’countties despite
associated undesirable effects. This popularity of controls

stenms froluthg fact that they are consideted to be a part of‘thé
overall developseat plans and also becanSe thefé exists a

general distrust in the ability of the free market to lead to
socially optimal production and income patterns. ’

A "high"™ premium on the foreign fﬁrrencies usually efhsts
,in‘countries vhere restrictions on the foreign sector have been
imposed. The factors that contribute to a premium are the
severity of the restrictions and the gemeral economic conditions
prevailinq-in‘the’hone economy which lead to ihe creation 6f an
excess demand in many commodities and markets.

The study of black markets in foreign curtencies in this
thesis has been stimulated by first, the availability of a new

SPor a detailed discussion on exchange contrals and restrictions
on foreign trade in the developing countries, see Little,
Scitovsky and Scott (1370), chs. 2,6.

$Por a brief exposxtxon of controls on the foreign trade sector,
see Grubel (1977), ch. 15.
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theory of exchamnge rate determimation, ularly known as the

"ponetarist® theogy. ¥ Second, adequate data on black market
exchange rates ié gou readily ava}lable to test nev and existing
theories in international trade and finance. The data on monthly
series of exchange rates for ailost all cgﬂitries with
estrictions on the foreign sector can be obtained from the

varzonérissuestof the Picks Currency xgg;hggg.’rron 1976 -

onwvards, weekly data for some Asian and Par Eastern countries is

published on a reqular basis in the Far Easters Economic Review. .

.
Third, an understanding of determinants of the black market

in foreign exchange continues to be of great interest to policy
makers, because the number of transactions that take place at
th's.exé ge rate make it an important variable in the econbly
6f7aan7 countries, influencing the allocation of resources, the
achiévelent of plan objectives, level of foreign exchange
reserves and.distribution of inconme.

Since the black market rate influences the level of foreign
exchange reserves, it is useful to épell out more fully the
relationship betveen the tvo. An increase in the black market

rate, given the offical rate, has the follovind effects:

1. It creates incentive for residents abroad to channel theit

i remittances through the blackzlarket, as thls raxses thexr

7In the monetarist lodels, the exchange rate is deteramined by
the conditions of stock equilibrium and by the interactior of
gqoods and money markets, FPor details, see Frenkel (1976) and
Dornbusch (1376a, 1376Db). . oy

;‘/" )
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3,

ptivate‘receipts in tefls of home currency. As a result, the -
central ank is deprived of this foreign exchanqe. This is
particulitly relevant for some of the developing countries,
like India, which have emerged as major exporters of skilled
and unskilled manpover. | |

It creates incentive to sauggle and under-invoice exports.
This incentive exists under three conditions., Pirst, it
exists wheﬁ thers is a premium ® on foreign currencies with
no tariff or subsidy on the exports, Under these
circumstances, the sale of foreign exchange in the black
larket,increases;the receipts to the exporter in teras of
home cnriency. Second, vhen there is a tariff or exports,
under-invoicing permits the exporter to avoid the tariff and

to sell: the illegally acquired foreign exchange at a

 premium, Third, incentive exists when there is a subsidy on

B

exports vhich is less than the black market premium on the

fo:eiqn exchange., The sale of foreign exchange at a premiua
more than compensates for the 1os$ of subsidy. *

It reduces incentive to over-invoice exports. An incentive
to over-invoice exports exists uhénever the subsidy is

greater than the premium. This is because the subsxdy

8This prellun 15 expressed as a petcentaqe,of the off1c1a1 rate,

91t should be noted that ander-invoicing of exports can occur
inspite of tariff and subsidy polxcies of a country. One such
case and evidence in its favour is discussed by Bhagwati,
Krueger and Wibulswasdi in Bhagwati (1374).,



%2,

obtained on the over-invoiced part of exports more than
offséts tﬁe premium that needs to be paid in buying foreiqn'
{exChanqe in the black market. |

The effect of (1) and (2) on the balance of paylenté is to
lower the official foreiﬁn exchange receipts of the country.
However, the over-invoicing of exports tends to have a
favourable effect on the balance of payments, 19

The éfféct of the black market in foreign currencies on the
reserve flow can be analysed more rigorously through the

following model:
dRs/dt = X - 1 ~ Xb

vhere B‘stands for the foreign exchange'reser!es: X stands for
the export receipts in foreign currency (say, dollar); M denotes
the level of imports permitted by the authorities ($); and Xb
stands for that part of the export receipts and remittances that
are diverted to the black market for foreign exchanqé, vhere Xb .
= £ (1/Bo - 1/Eb), with 1/Eo - 1/Eb » 0 and Eo and Eb are
defined as the official and black market priées of one unit of

foreign currency in terms of domestic currency respectively. '

%----------------- Y

30Por a detailed discassion on under-invoicing and
over-invoicing of exports and its economic effects on the
balance of payments, see Bhagwati (1967).,



Because of the factors discussed above, diversion of export
teceipts and remittances to the black market would be larger,

the higher the preaium on foreign currencies. Thus,

£ > 0,

d ®/dt d(1/Bo - 1/Eb) < O.

, A Y
Therefore, changes in reserve holdings are seen to be a function

of official and black market exchange rates. Sincewigst of the
developing countries suffer from a shortage of_fbteiéh exchange,
it is in their interest to keep the black market rate as low as
possible by influeacing the deterninants‘of the black market
exchange rate, By doing this, they can gain foreigm exchange
reserves, o
Purther, under-invoicing and over-invoicing of tramsactionms
on legal trade affects the composition of the balance of
payments. This not only misleads the policy makers of the
country vho base their analysis on trends in the balancevof
payaents, but also affects the aid flows and thus the reserve
position of the country. The aid inflows are partly influenced
by the foreianexchange—posifion'of"the réciﬁféﬁt'CBﬁntty.'ln
indication of the fact that the recipientrcountfflcan'eventuaily

earn enough foreign ex&hanqe to pay for its imports and meet her



y

debt servicing requirements creates a healthy impression on the
aid donors. 1t : |

Lastly, it is of interest to the studemts of intermational
- economics and finance to investigate vhether the black markets
in foreign currencies process the available informsation
efficiently. Given that these markets are characterised by a
lack of cosplete information about brices and participants, and
are often thin aﬁd segmented, the relevant empirical question is
vhether the exchange rates in these larkets adiust to all the
nev information, 4 |

Therefore, the contribution of this thesis lies (a) in ‘
improving-upon the exigtinq‘lodels oﬁ the determinants of hlaék
lafket in foreigm currencies inrliqht of‘a 'ne}" theory of
exchange rate detersmination, (b) in providing evidence’in
support of this "improved" model, (o) in applying the various
tests of market efficiency on the black market éxchanqé rate
series of sone’c:untiies, (d) in reporting the results that have
important and interesting policy implications. »

I propose to study the nature of black sarkets in foreign
exchange by discussing thg follovwing topics:
'+  In chapter one, I have analysed the conditions under which

blackvlarketsrfor foreiqgn exbhanqe develop and why a study

of the determinants of the black market rates is of . -

i1 Por details, see Bhagwvati (1967).
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5.

theoretical andiprébticél interest.
In chapter two, I analyse the nature of these markets in
terlé of partial equilibrium demand and supply apparatus, -
present estilates of under~ and ovet-lnvoicinq on legal
trade and smuggling in India, and review the existiiq models
and empirical work to highlight the deficiencies im thenm.
in cﬁapter“threeg't formally develop a model fbr'iho
determinants of the black market in foreign excpanqe,Aby

making use of the "nonetariﬁt"'assnnptions. I then express

- the variables of the model in teras of'eipirical proxies and

estilate thg aodel’'s baraleters for India.
In-chapter'four, I summarise various models that have been
usedytdwtesfﬁfor efficiency of the freely floating exchange
rates in the veak form sense, and use one of thén to expiofe_
vhether black markets in Eoreiqnfcnrrencies for India, South
Korea and Taiwan are-efficiept processors of the publicly
available -information, |

Chapter five, summarises the findings and advances policy

implications.



II. The Nature of Black HNarkets

In éhis,chapter, I first discuss reasons for the élerqence
of a black market in comnodities. rﬁese factors are then
incorporated‘into a pariial equilibrium model of black markets
in foreiqm curreacies, In this model, I distingﬁish‘tuo sources
of supply of fofeidn_ethanqe to the black market, thé resale of
officiallyballocated foreign exchange and foreign eichinqe
obtaiped throuqh.underinv&icinq and sauggling of exports. In
addition,”the-lodel allpvs for the effect on the beﬁaviour of
;participants and the price of foreign exc@;nge, of peﬂalties for
dealing in hlaci market currencies, Jt isnshOIn that if
penalties are severe enough, blﬁck market exchange rate can lie
belov the free market exchange rate.

In the following section, I present estimates of
misreporting on legal trade andVSlqulinqwﬁor Ipdia, basgd on a
government comaittee report, 'educated guesses' and other
independent gtndies. I then relate tbe'estilates of W

under-invoicing on exports and imports, and sauggling to total

10
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leqal”trgde. t§ put these estimates i;tq a probet ﬁetépactive.,
In the last sectién, I preseat a critical suriéy‘of'the ~
existing i;dels on the determipants of‘blaci larkét'éxchangé'
rate. The primary objective is to 5ring“out,th¢ deficiencies
existing in them. A model is then developed in thékéncgeédinq
chapter'which attelptgitqrpvgrcéng these shgp;gq;ings;inEa,,i,i,Q'LJ

framework with less restrictive aSSnlptions.v

What is a Black Mapket 2

There are many ways to ailédatg private*qoodS'of ﬁhicﬁ'thé_
pest knovn is the price lechaniSI.-Boiever, in many econogmies,
freerbardaining of the prige'lgchénis- haé-begn abrogated in
favour of nopfp:iée allocation-éyste-s. In theséusystels; an
excess de;gndjin ihe market is not elininated by a rise in the
price iévél. Instead, the available supply 6f coniodities‘is,
allocafed to the consulerg by methods vhose exact ﬁatﬁte is.
rdeterlined by the authorities.tln a}location method must be
distinquished from am allocation criterion, The latter implies a
standard on which a judgement maybe based. The Qarious
allocati&n methods can be assessed gro- the boint of view of.

costs and benefits both to -t

Some of themhnstftﬁﬁiéﬁf location methods are, -
1. Qggngingzrhe?go-loditiesjare sold on a 'first come, first
serve' basis, Hence, the buyer has to spend a certain amount

-

kJJ

he consumer and to the “allocator. . -~



of time in thg queue to bny‘a'specific gquantity of the good
and service. Th€ st to the consumer is in terss of the
opportunity cost‘of tiné and foreqone'earn@nqs.'lf v is thg
vage rate and t is the time spent in the qﬁené, then wt is
the direct cosgzto the consumer in addition to the ioney

~Pr1ca of the connodzty. The advantaqe of th1s systel lles xn

,that no adlznistratzve criterla are needed. Thus, the
ronetary and organisational costs are avoided. The benefit
to fhe cohsgnér arises fronithé;fact that thewallbcatioa of
- V.goods‘is'indepenagnt Af;tHerérsonal vhims of the allocator.
 2>’. | Mmmg MQQ Here, the individual is aubcated
a pafficular'quadtity of i‘dodhl.rﬁélgllotlent may be the
same for 611 iﬁ&ividﬁals{lot it éonld be based on some
adninistf&tive assesslen£iof need. The problem with this
'systel 13 ‘that the cr1ter1a for allocatxon are not vety’
iclearly speczfled. Their’ gg ggg natnre resnlts in the
consumer allocations be;nq determined in large part by tﬁc
government appointe@ rationeer. Thus, the ¢onguler coﬁld end
up spending éonsider;ble time and money bribing the
ratidneer?for larger allocations of the scarde cosmodity.

~ The benefit to the consumer, hbuever, lies in the savings

from not having Qto,rsnnd,;in_long, ,gnenes.,,,,,,,f;‘,ff S

L blacK market emerges vhemever there is an excess demand |
resulting from a price ceiling. The allocation of goods via

gueueing and. administrative rationinq may not be1acceptah1e to

\

)
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'all consdlers soae éf vhos nmay stiil prefer to tramnsact in the
black market. I discnssed<above that éhere is an opporkuﬁity |
cost of queueing. Higher the vage rate, greater would be the
unvzllinqness to stand in gueuss. hence, people uith high vaqe-
rates would prefer to buy at the black market prlce rather than
stand in a queue. In the rationing system, cogpons are usually
distributéd for the purchase of a fixed quantiiy of ﬁhegscarce
consodity., Some people vith low incomes who cannot afford to
‘Vpurchase ihe cosmodity even at thé ceiling pﬁice, have an
incentive to trade their coupons at black market pricestyrhére
are gainas toAbe_héd fbr both the selier and the buyer by trading
in the black market. f
Thése gains from trading in the black market for

commodities also exist in the black foreign exchange sarkets

wvhere the official exchange rate is pegged belov the equilibrius

and there are controls in dealings in the foreign currencies, t

The excess demand for foreign exchange is dealt with through an
elaES};;e systel of controls on how importers can obtain and

exporters can use foreign exchange. rhusn exporters { and other:
1The overvaluation of the exchange rate is not a necessary
condition for the emergence of the black sarket in foreigs ;
currencies, The authorities could auction the limited supply of
foreigqn exchange and capture all the rents., FPurthermore, the
"official exchange rate could be under-valued and,a,hlack,la:ket,
for foreign currencies could still exist if the exchange :
authorities, instead of disbursing the export receipts to the
residents of home cocntry for expenditure on foreiqn goods, turn
them into official reserves, Por an example, see Culbertson
(1975) fn, 4, C

13



‘éarners and recipients of foreign currencies } are reqdi:ed to
/sell all or iost of their foreign currency receipts to the
7exchapqe authorities at a qéecified rate, which is below the
egquilibrium rate. These receipfé are then disbursed to the
Ticenced importers at or neaf‘the official rate, with importers
required to shov full proof of expenditure on imports. But thesé
controls on dealings in foreign exchange are not fully effective
since incentives gxisi to\chsat and raise the private returans
fros exporting and lover the;cost of importing. This cheating
takes the following forms:
1. smuggling
2. invoicing L
3. diversion of remittances
The above analysis can be illnstfatéd vith the help of
partial equilibrium demand and supply apparatus. Consider fge
demand-supply diagram of figure 2.1.'The»horizontal axis
represents the guantity of foreiqn-excha;;g per unit of tiae
vhile the vertical axis measures the price of foreign exchange
in terms of domestic currency. Let OR denote the official
exchanqe'rate vhich is belov the free market "equilibripi" Tate.
At this official rate, the quantity'supplieiAhy the exporters
and other private individuals to the qoiernpent‘is OT and the
&uantity demanded is OT'‘, |

Let us first consider the supply side of the market. The

foreign exchange supplied to the black market’ comes either from
~
18



1. the resale of the officially allocated fdreién exchange,
{(for instance, through the over-invoicing of imports) and/or
from 7

2./ the fdilnré to return to the central bank all the revenue
becaunse of under-invoicing and smuggling of exports and
diversion of remittances,

Source (1) has been stressed by Culbertson and source (2) by

Sheikﬁ and Blejer.

IS/;II the officially allocated foreign exchaﬁ;e OT is sold
in the black matket, then the black market exchange rate would
be OB as‘shoun in the figure 2.1. Hovever, in the real world
only a fraction of this potential supply actudlly shows up in
the black market due to fear of prosecution, Under these
, coﬁditions, the_blagg;larket supply curve (which has been termed
as "resold fareiqn:%t&hanqe" supply éu:vg by 6iddy (1378, p. 6))
lies to the ieft of the free market supply curve. In figure 2,1,
it is denotéd by SN, The vertical distance betueén SR and Ss' at
- any point represents the market price of risk for a given
penalty structure. Por no éenalties, SK coincides with SS*, The
'nore severe are the pena;ties, the further to the ieft SN curve
lies,

The S¥ curve in fiqure 2.t is drawn steepér than SS°*, Tﬁis
is because an increase in the black market exchange rate brings
in a smaller increase in the total supply of for;iqn exchaﬁqé

through the resale of officially allocated foreign exchange as

3
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compared to an increase in foreign exchange supply when official
rate increases., The sellers of the officially allocated exchange
add the risk of qetiing caught to the cost of supplfinq foreiqgn
exchange, thereby supplying smaller quantities at higher black
market exchange rates., |

Analogously, if foreign exchange receipts obtained throuqh'
sauggling, under—iﬁvaicinq;and'renittances.are the only sources
of supply of foreign exchange to the black market, then in the
absence of penalties, the black amarket exchange rate is OBo‘in
fiqure’Z.Z. ¥#¥ith penalties, the supply curve lies to the left of
SS', In figure 2,2 it is denoted by SM, (Giddy has termed it as
"direct supply" curve ). As ig the previous case, the vertical
distance between SM and SS' at any point represents the market
price of risk for a given penalty‘struéture. |

Given the official peggqged exchange rate, the supply curve
to the black narket ( SM in fﬁqure 2,2 ) is drawvn steeper'than
SS*'. This is because an increase in the black lafket,rate‘brings
in a iesser increase in the total supply of foreign exchange by
increased export of goods and services as compared to an
incrgase in foreign exchange supply vhen the legal rate
increases. The exporters add the risk of prosecution to the cost
of supplying exportables and hence export less at a given black
maTket rate a§ compared to the same official rate.

But in reality, the supply of black foreign exchange

originates from both sources. Thus, (1) and (2) could be added

19



to get a 'total' black market supply curve SB, as showa in
figure 2.3. This 'total' is not simply the sus of SN and SN.
Under~-invoicing, smugqgling and the diversion of remittances
reduces the foreiqn exchange receipts of the central bank to OT!
(Piqure 2.,2). This, in turn, lovers the amount that the central
bank has available for allocation to the rationed importers,
thus reducinq’the amount that can be resold in the blacg iarkeé.
"In addition, the location of the black market supply curve (SB)
depends on the differential between the official aad the black
market exchange rate., The closer is the official rate (OBR) to
the free nérket rate (0OE), the smaller vould be the discrepancy
betveen the black market and the official rate.

Until nov, ay concern has been with the supply of foreign
exchange to the black larkeéf Now I tura to examine the den;nd
aspect. Foreign exchange in the black market is demanded for the
smauggling of goods and assets into the country'and for travel
abroad, In addition, importers who under-invoice imports demand
foreign exchange to pay to the foreign seller the .difference
betveen the actunal and the invoiced price. Similarly, black
foreiga exchange is demanded bf‘eiporters wvho over-invoice
exports. As the buyers of foreign exchange in the black market
are also subject to the risk of prosecution, the blact;larket
demand curve lies to the left of the free market demand curve,
In fiqure 2.3 the effective black market dénand‘cnrve is shown

as DD'' and the emerging black market exchange rate is 0B..
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Thus, the location of both the demand and the supply curve is
influenced by the penalty structure. . A

It is possible that therbuyers are stbject to more severe
penalties than the sellers., In that case, the position of the
black market demand curve could be DD''' and the resulting black
market exchange rate could lie below the free market exhhnqe
rate OR, as shovn in figure 2.3. But this is unli;ely since
purchaser-penalties arerl;re difficult to enforce by the
authorities than penalties iamposed on people to whom the foreign
exchange is officially allocated. This is because the
enforcesent agencies have records of all the people who are
allocated foreign exchange uhiéh Rakes enforcement easy.
However, the authorities have no information or records with
vhich to apprehend the purchasers of black foreign exghanqe.
Under these conditions, the cost of édlinisterinq |
purchaser-penalties is higﬁer.

Novw I introduce a distinction between smuggling and a black
market in foreign exchange which I did not make explicit upto
this point.,siuqqlinq does not necessarily lead :to a black
sarket in foreign exchange. For instance, tariffs with no
controls on the foreign exchanqe market Create-incentive for
people to smuggle goods across the border without declaring then
to the authorities, but do not cause a black larkei in foreiqq
exchange to emerge because the freé market in foreign exchange

absorbs all the excess demands and supplies of foreign exchange,
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Therefore, black markets and snuqd&ing are expected to co-exist
vhen there are both exchange controls and tariffs. .

Further, it is possible that even when the foreign exchange
market is free from exchange controls, a black market in foreigm
exchaﬁqe‘nay exist. This could happén vhen recording of exchange
trﬁnsactions embarasses the saugglers and other transferers of
funds abroad, so that to preserie anonymity, they prefer to deal
in the black market. This embarassement may also be due to
attempts to avoid income taxes or other levies.

So far the discussion was concerned with theoretiéal
issues. In the folloviﬁq section, I give some estimates that

indicate the size of the black market in foreign exchange in

India.

Estimates of Misreporting on Legal Irade ard Smuygglirg

On the recommendation of the Estimates Committee of
Parliament, the governament of India appointed a team in Noveamber
1969 to study the problea of under- and over-invoicing on legal
trade and smuqgqling. This committee submitted its repdft in June
1971 which came to be known as the Kﬁul Committee Report.

In its report, the Kaul Comaittee estimated that the to£a1
deland'for unauthorised foreign exchange was about Rs 2400
million in 1963, This black foreign exchange was demanded for

saugqgling of goods into India, foreign travel and for fiaancing

22



TABLE 2.1
‘Estinates of Black PForeign Exchange for 1969
In million Rupees

'BLACK POREIGH EXCHANGE

SOUBCES DEMAND SOUPPPLY
SMUGGLING 1600-1700 400-500
TRAVEL 350-450 150
REMITTANCES - | 1000-1200
UNDER~ AND

OVER-INVOICING 250-300 600-700
TOT AL ’ 2200-2650 2150-2500

SOURCE:Kaul Commjttee Report

23



‘under-invoicinq bf imports and over-invoicing of exports. '

A fraction of this demand vas met by the smuqqling of goods
out ;f India and the sale of foreign exdhanqe by tourists. The
coamittee also noted that 70 percemt of Sluqqliﬁq into india vas
financed by éiversioh of remittances by residents living abroad
to the black market. The remainder was accounted for by
under-invoicihg_of exports and over-ivoicing of imports.2? A
summary of these statistics is presented‘in nglg_241:

These estimates were not based on any systematic technique
of es;éﬁation.-rhey vere more in the nature of ‘educated
quesses' and hence wvere subject to wide iatqins of‘e;tor. Nayak
\((1977), (1979)) and Pitre (1978) atteampted to improve thea by
using a more sophisticated procedure which invol;éd a comparison
of¥the trade data of India with that of its trading partners, a
technigue that had earlier been used by Bhagwati (1964) to study
the phenomenon of underinvoicing of imports in Turkey. y

!avak's estlnates of under~- and over-invoicing of exports
and imports are presented in Table 2,2 and 2.3 respectiveiy.’

The negative sign indicates under-invoicing while the positive:

A D AP D Ny W D A WS W ok S WS o a

zl’or details, see the Kaul Connxttee Report (1971), pp 8-13.

3 Bhagvati found that Turkey's Llports vere undervalued as
compared to its partner-country's exports for the. coamodities
enjoying high tariff protectlon.

¢ In his initial calculations, Nayak made some errors which vere
later corrected by Pitre (1378), Table 1 and 2. Tables 2,2 and
2,3 here report the corrected estimates.
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sign indicates over-invoicing. The estimates presented are only
for nine countries wvhich constituted 58.5 percent and 48,6
percent of India's imports and exports respectively in 197%,

Tables 2.2 and 2.3 suggest that more of India'slexports and
inports are under-invoiced than over—in;oiced. Purther,
:isregortinq on official exports and imports is most nqticeable
in trade with Japan, U.S.l., ¥. Germany and U.K.

However, I would like to point out that both Nayak And
Pitre implicitly assume that the partner-country analysis
measures only under- and over-invoicing on leq;l trade. This is
not entirely true. The differences in the official trade
statistics of a given country with its trading partners could
also be due to sauggling of goods and assets into aﬁd out of.a
country ( Nava and'norgan, {¥963) and Siamkin (1970)). But in ihe
case of }bQia, rost of the smuggling takes place around its
coastline and the goods are smugqgled into and out of the
adjoining ¥iddle East countries, presumably because of transport
costs.5 These countries are not included in ¥Nayak and Pitte's
sample. Therefore, the estimates in Tables 2.2 through 2.4 can
be taken to represent predominantly the under- and
over-invoicing on legal trade rather than sauggling.

By comparing Tables 2.1 and 2.4, it can be seen that
¥ayak's estimates fof 1969 are nearly tvice those of the Kaul

SPor a more detailed description of smugqling operations, see
the various issues of the Pick's Cyrrency Yearbook.-
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Committe's, Further, Table 2.4 also suggests that
under~-invoicing of exports as a proportion of the official
exports-and under~-invoicing of ilpoits as a proportion of the
official imports are both significant. This is interesting
especially vhen account is taken of the fact that these
estimates are restricted to only nine countries constituting
about 50 percent of the officialjtrade. 7
The partmer-country analysis used by Nayak and Pitre has
severai veaknesses., Pirst, while the data on exports is valued
at f.o.b. prices, tﬁat on imports is valued at c.i.f. so that
the figures need to be adjusteds for insurance and freight to get
comparable figures for exports and ilpofis. Vhereever statistics
in f.o.h. or c.i,f, are not available, a 10 percent margin of
adjustment has been used. However to the extent that this margin
overestimates insurance and freight, an under-estimation of
under and over-invoicing on legal trade results. Second, errors
in the classification of commodities in accordance with SITC
{Standard International Trade Classification) code biases the
results, & This occurs when the countr%gs ionvolved make errors
in classifying the traded cosmodities. }hird, inevitable lags
between the shipment of goods and their arrival in the importing
country give rise to goods being recorded as ‘exported!'. to a.

country but not as fimported* by it. When i;ports are rising,

¢Bhagvati (1964) reported these errors for Turkey.

29



this understates imports. Fourth, the above estimates assume
that vhen misreporting occurs at one end, the trader at the
other end is unavare of it and does not adjust'his reporting
accordingly. However, if there is collusion between the importer
and the‘exporter, the above estimates get biased because
offiéial trade statistics of the partner-country do not contain
these transactiomns. |

Notwithstanding the above problens associated with
partner-country analysis, these estimates do0 serve to indicate
the extent of under- and over-invoicing on legal trade in
India. 7?7

I pointed out in chapter one that under-invoicing of
exports occurs when the subsidy on exports is less than the
black market preaiun, oi wheﬁ there ére tariffs on exports
coupled with a premium on the foreign currencies. Thus it
appears that the tariff/subsidy policy on exports in India is
such that in the presence of a black market in foreign exchange,
an incentive is created to under-invoice exports. Similarly, the
tariff structure on imports is such that the tariff rate is
greater than the premium on the foreign exchange so that theren
is a tendency to under-invoice imports.

As the Table 2.4 predominantly represents the under-

TPor instance, see Bhagwati (1964) and Naya and Morgan (1969).
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TABLE 2.5
sauggling as a Proportion of 0Official Imports in India

NILLIONS OF RS

S G R R AR D D AR Ol VRS YD WP T AT WD D D D D O G W D A G T D D D D O D G D e T G T A D D WD W W D e

YEAR YALOE QF SMUGGLED ‘(1) AS A PROPORTION OF
G0ODS I?f? INDIA TOTAL OFPICIAL INPORTS

1961 w5 T a2

1962 592 4.90

1963 359 2,63

1964 813 | 2.7

1965 A 454 u 3.10

1966 507 2,40

1967 1977 ‘ 8.98

1968 - 2108 - 11,11

1369 , 2506 | 14,35

1370 ) 2217 11.16

1371 2082 - 9.59

1972 | 2044 o 10.50

1373 . 3548 | 12.0

1374 5763 12.9 .

SOURCE:For (1) Pitre (1978) Table 5.
Piqures for the official imports obtained froa the
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and ovér-invoicinq oh legal trade, Table 2.5 gives the estimates
of smuqgqling of goods and aséets into India. The iteas included
in these éstinates are qold, watches, synthetic fibres,
synthetic yarn, diamonds and precious stones. Nayak computed the
estimates of smuggling:of goods and assets into India by first(
obtaining information on the value of goods seized by the customs
autho:ities.AHe found that on the average custom authorities are
able to seize approximately 10 percent of the totalvcontrahand‘
every vear, 8 Additional support for this fiqure was obtained -
from the fact that smugglers insure against risk of‘seizure-by,
buying insurance sold by an unanthoriﬁed ogqanisation. The
pfeliun forvthis insurance is about 17 percent'ef the total
value of the contraband. This squests that 17 percent insurance
prenlul covers the 10 percent probability of seizure for the _
insarance ‘company' and the remaining seven percent coustitute
‘the operating expenses. |

The estimates of snugqllnq into India in Table 2.5 are then.
ocbtaiped by lu1t1p1y1nq fhe value of contraband seized by ten,
These estimates indicate that smuggling as a proportion of
official imports has béen significant in the seventies.

Some estimates of gold smugqgling obtained from other

8This can also be seen from the varlous issues of Pick's

3For a deta11e& descrlptlon of the goods seized by the custons
authorities, see ¥Wavak (1377) pp. 2057-58, -
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sources ‘suggest that Table 2.5 nnderstates the extent of
snqullnq into India. For 1nstance, 1t has been estllated that
the gqold smuggled into India has tanqe@ from 10 tons a moath (
Pick‘slcdrtency Yearbook, p. 700) to about ZQO tons a year
(Vhite and Stanfield, p;muO).‘The'value of thése '‘imports' has
varled betueen $ 200 nllllon and $ 300 lxllxon a year in the
early seventles. it the offlczal exchanqe rate (of Rs 7.58 per
>U.S. dollar) in 19372, the value of this snuqqled qold»alone lay
betveen Rs 1.5 billion and Rs 2.275 billion a year, which is
approximately 6 to 10 percent of thke total official ilpo:té-in
that yéar. t0 Hence, smuggling of gold alone latcheSthé |

estimates of Table 2.5 for the early seventies.

A Critical Survey of the Nodels

The first atteapt to study black aarkets in»foreign
currencies and their deteflinants vas made by Culbertsah (1975).”
He used partial equ111hr1nl deland-supply apparatus to analyse
the effects of changes in donestic pr1ces, official exchange
rate and foreign exchange reserves on the black market exchange
rate, |

The putchasiaq-poser-parity doctrine asserts tﬁat ghangés
in relative price lévelé to a large exﬁeﬁt dominate chénqgs in‘

P L L L L T T waes

19The total official imports in 1972 were Rs 23.28 billion.
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the equilibriua (or the market clearing) exchange rate.
Iherefofe, in an econony uhefe the official exchange rate is
Aipeqqed belov the eqﬁilib:iui exdhanqe rate, a correspondence is
.Ly};¥ely to exist hetween»;ovelents'in the latter and the black -
.iarket:etchanQe raie, provided the officiai exchange rate and
penalty structure do not change. This-is because an increase in
1the“danest1c price 1eve1 telatxve to the forexgn prxce level
“causes the purchasan-pover-par1ty rate to chanqe. resultlnq in -
shlfts of the deland and supply: schednles of foreign exchanqe.
Vlth no correspondan chanqewzn other factors, the qap betveen -
:;ihe officialeahd.the,SIack larket<eXChanqe1:ate tends to
" u1den.$11 | | o -
On thls baSLS;_Cnlbertson elploys black market exchange
~'rates xn a test of purchasan-power—parlty theory. Thus, xn his
:no&el, a chanqe in the larket clearan rate induced by
relatxvely h;qhe: hone country 1nf1at10n Hould be expected to
:_haye a s*gnxficant;effect on the black market exchanqe rate.
Further, s{nee'the—;ain source of supply to the black lerket is
assulearte be the resale of the officially allocated.foreiqn

exchenge, a change in the official rate tends to increase the

supply of foreign exchange ‘to the black latket through higher

AR . A D WP D . Y

11This can be seen by shifting up the supply and denand
schedules in figure 2.1. _
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export receipts, 12 Therefore, the official rate is the second
factor that influences the black market exchange rate, Pinally,
the black market exchange rate is to some extent influenced by
changes in the official reserves, since part\of the eicess
demand in the black market can be satisfied by drawing down the
stock ofW;eserves. |
Culbertson empirically teStedvthe above aodel with its
three principal determinants of the black market exchanqe rate
~on India, Phillippines and Turkey. Only one.variablé wvas found
to be significant for all three countries and that was the ratio
of hone;to-foreiqn price level, a proxy for the equilibrijum
exchange rate., However, all regression equations had a high
first-order serial corrélation, ranging between .304 to .987.
This on one hand, suggested that some igportant variables could
have been omitted from the theoretical specification and on the
other, that the reported standard errors were biased downwards.
In addition, Culbertson's analysis is not based on a
qenéral eguilibrium framework. The model also ignores the supply
‘to the black market originating froa undgr-invoicinq of exports
and smugqgling.
Sheikh (1976) focuses on the role of the black market
exchdnqe rate as a guide to the policy maker considering
exchange raterchanqe. He_also deals vith the effects of policies

12This case has been discussed in detail in the first section of
this chapter.
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like restrictions on currenct account tramsactions and tariffs
on the black market exchange rate., His analyis shows that the,
equilibrium in the black foreign exchange market is stablé.and
that under norlai conditions, the black market exchange rate ‘
lies above the market clearing and the official rates.VSince the
aodel is theoretical in nature, the propositions ;risinq out of
it have not been empirically verified.

However, this nodel has some deficiencies in it. It‘nakes
'use of partial eqnilihriuu demand-supply apparatus and assumes
no resale of officially allocated foreign exchange. Furthermore,
like Culbertson's model, i£ ignores the importance of monetary
factors in the determination of*equiiibfiun exchanqé rate in the
black market.

Hence, Blejer (1978) built a model in which the monetary
factors are the main determinants of the black market exchange
-rate, Blejer's analysis is based on the nSnal "monetarist®
assumption that a flow noneEary disequilibrium can best be
‘-measured by the difference betveen changes in the domestic
credit coamponent of the monetary base (which includes variatioas
iﬁ ;he money aultiplier), and changes in the domestic demand for
real cash balances. He assumes that the domestic rate of
inflation is a weighted average of the brices of traded and .
non-traded qo&ds, While the prices of traded goods afe

determined exogenously by the world price level through the

official exchange rate, the prices of non-tradeables respoad to
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a domestic monetary diéquilibriul ahd\price& of tradeables. In
this vay, the domestic rate of inflation is derived as a
funétion'of‘the sorlﬁ inflation rate, chanqesriﬁ the official
‘rate and the rate of domestic monetary disequilibriun.‘

The black market exchange rate is then detetlined in
Blejer's model by the current flov supplies and denands 6f
foreign exchange., ¥hile the former depénds on the differential
between the black market and the official rate, the latter is a
fuﬁction of the return on holding foreign momey. This return, in
turn, depends on the gxpected rate of depreciation of the black
market exchange rate and variations in the expected rate of
inflation,13 By equating the flow supply with flow demand, the
black market exchange rate is derived as a function of the
official exchange rate and the difference between the domestic
and foreign inflation rates., By substituting for domestic
inflation, the resulting foramulation gives changes in the blacg
market exchange rate as a weighted average of the cﬁanqes in-the
official exchange rate and a flow domestic monetary
disequilibria,

Blejer further assumes that the official exchange rate is
adlinisiratively determined by the government's reaction
function derived from conditions of utility maximisation, .
Vhenever the official exchange rate deviates froa tﬁe the

137his is a proxy variable for variations in domestic and
foreign nominal interest rates.
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felative7purchasing—poue:-pd:ity. the government goes into
~action to change the official exchange rate, the exact magnitude
depending on the reaction function,

A final expression is thus obtained giving changes in the
black larkét exchaﬁqe rate as a function of world inflation and
domestic lonetary»disequilibria. The‘lodel is then tested‘by
Blejer o; Brazil, Chile and Columbia. The teqression estimates
show thﬁt the money market flow disequilibria are transaitted to
the black market gradually over a two-year period.

However, Blejerfs model suffers fronl:any shortcomings. He
assumes that the public buys and sells foreign exchange in the
black market to alter their portfolio of‘financial assets and
not for the purpose of buying and selling comamodities. By«doinq
avay sith the existehce of restrictions on foreign trade, his
model does not allow for foreign excﬁanje'deiaédeé‘to pa¥ for
qoods that are ipported vithout declaration at the border..Tbné;
all current account needs are implicitly assumed to be satisfied
by the official market., Clearly, this is not valid in viev of
nnnetonsvcontrols’on,both the current and the capital account’
transactions,fand the restrictions on foreiqn trade imposed by
nany developing conntties, uﬁich diverts a parf of ;he demand
for foreign exchange from the official to the black market.
Besides, since the black amarket exc%ange rate is deterlineduhy

the current flow supplies and demands, Blejer's model lacks a

general equilibrium character.,
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Purther, in the eguatibn determining the prices of .
non~traded goods, Blejer does not attach any co-efficient to the
prices of tradeahles.irhis éuqqests that prices of non-traded
goods move in thé same proportion as.the»grices of traded goods,
This is not realistic for countries where non-traded goods fora
a substantial proportion of the consuner‘basket. Moreover, in
Blejer's model, the black market exchange rate is positively
related vith the official rate. That is, whenever the official
gxchange'réte is devalued, the black market exchange rate
depreciates. This holds only if the demand for foreign exchangé
in the black market is independent of the differential between
the official and the black market exchange rate. In other words,
the foréiqn exchange iﬁ the black'narket is demanded
irrespective of the official exchange rate,

Finilly, Pishelson's (1978) paper examines the determinants
‘of the black market efchange raté for Iéraél. His regression
analysis consists ofltvo versions., In the
purchasing-pover-parity version, he tests whether changes in
inflation rate at home, official exchange rate, expected
inflation, expected devaluation and imported price index have a
significant effect on the black market exchange rate for the
period 1970-75, He finds that for the inflationmary period
1972-75, the domestic inflation rate and expectations of
exchange rate dev;luation vere thg ma jor explanatory variables.

But for the period 1970-72, vhen the Israeli inflation rate was
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low, expec£atibns of official devaluation was the prildny
influence. . o o .

The monetary version of ;he tests relate changes in the
black n;rket exchange rate to dhanges in the gdantity of money,
in ;dditionAto the variables used’in the'first versiqn.rThe
resnlts indxcate that chanqes in the quant;ty of money did not
have a statxsticallyfsanlflcant effect on the Israelx black

market exchange rate,
Conclusions

At the outset of this chapter, I dlscussed various J
lechanlsls for allocating private qoods. Among the non-price
allocation systems, price control with or without rationing vas
descrihed\in detail to show the'elergencé of a black market in
foreign cnrrgnciés. It was shown that the . equilibriua black
narket exchange rate could lie either above or below the market
clearing rate, depending on the penalty strncturei

' Thé empifical estimates of under and over-invoicing on
leqal trade in India anqested that underinvoicing Qf exports
and imports formed a signifiéant'proportioh of the official
exports and imports respectively, This indicated that the
tarif f/subsidy structure in India has been such that ihceitiye
'is created to under-invoice exportsAand ilports'in the présende

of controls on foreign exchange trading. Purther, the estimates
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of smugqling of goods into India suggested tﬁat’SlHQQIiuq’aé’a'
proportion of official imports is‘significant.

A critical evaluation of the existing models on the
determinants of black markets in foreign currencies pointed to
their inadegquacies and the restrictiveness of theit assu-ptiohs.
Por instance, the models developed by Culbertson and Sheikh were
cqhstructéd within a partial equilibriua framewvork with only one
source of supply to the black market. Culbertson stressed the
‘resale of officially allocated foreign exchange, vhilé‘Sheikﬁ
enphasized the underinvoicing of exports and sauggling. Blejer
assumed ihat'all current account neaeds were satisfied by the
official market and that the black market exchange rate was
detérlinedvby current flo¥ supplies and demands of foreigm
exchange.,

In the next chapter, I construct a model for ;he
determinants of the black market exchange rate using the
'nonetarist* assumptions. The model attempts to overcome the

veaknesses that I discussed above in the models developed by

Sheikh, Culpertson, Blejer and others,
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IIYI. The nodel

At the outset, I discuss the factors that explain the
hoarding bf gold and silver in India. In this context, the
relationship between smuggling and the plack market in foreign
exchange is highlighted. In the subsequent sections, I employ
static optimisation techniques to derive a money demand function
for India. It is assumed that money is a kind of a durable
consumer or producer good which yields to its holders a flow of
servic;s. A similar assumption is made in regard to gold and
silver holdings ia India. The resulting money demand function is
then expressed in terms of its own, and cross prices just likev
in any demand flnction in the theory of consuser behavior,

The domestic price level is derived from the money demand
function and is related to the world price level through the
official and the black market exchange rates. In addition, the
domestic pribééidfiqold and silvér are réiafed toﬁfheir
respective world prices to solve for the black market exchange

rate. In this way, the black market exchange rate is determined
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by the interaction of both the goods market and the money
market, and 57 the conditions of stock eguilibrinl.,The
relationship between smuggling and the black market for foreign
exchange is also incorporated.

I then carry out empirical tests of the resulting model
giving the principal determipants of £he black market exchange
rate using Indian data for a period of nine t;’ten vyears. The
classical technique of ordinary least squares is employed to
estimate the parameters of the model. As the effect of some of
the variables is expected to be distributed over a period of

tiae, these variables are lagged dsing almon polynomials.

Boarding and the Black HMarket Exchaage Rate

In India the hoarding of gold and silver is widespread; 1
This hoarding could be attributed to social and religious
customs and to the lack of low-risk alternatives for channelling
savings. White and Stanfield (1974, p. 44) have described this
phenomsenon quite lucidly.

Hindu tradition says that gold is the noblest of metals,

one of the foremost among the things pure and
inrotal gold stocks, accumulated since the second half of the
19tk century, were officially estimated to exceed US $2.2
billion at the "old"® price of 0S $38 per ounce. Some other
estimates were as high as US $10 billion. At the December 1975
free parket level, India's gold in private hands would have to
be estimated at a minimum of US $8 to US $9 billion®, Picks
Currency Yearbook (1975-76),p.701.
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auspicious, ¥Then a father sees.his new born child, he
should touch it with gold; wvhen a person leaves the
world, on the burning pyre, a speck of gold should be
put in the mouth, Wearing gold brings prosperity and
luck, giving it removes one's sins., Gold kills
infections, advises a distinguished doctor of Hinduism's
traditional Ayurvedic medicine. ..,.In India, se. life
insurance and old-age insurance are not yet widespread.
The tradtiomal imsurance is gold.
Besides, gold and silver have served as a readily acceptable
collateral for securing credit at relatively low rates of
interest. Thus gold &nd silver could be treated as "financial
assets" that are highly liquid but differ from bonds and
equities to tﬁe extent that they do not give an explicit
pecuniary return to their holders in every time period.

The Silve: stocks that have accumulated in India over the
centuries have been sufficient to meet the domestic needs. Due
to the exchange controls and the restrictions on export of
silver that have been imposed from time to time, the domestic
price of silver has been lover than the price prevailing in the
world markets, This has resulted in smuggling of silver out of
India, thereby creating one source of supply of foreign e;change
in the black market., 2 The picture is somewhat different in the
case of gold. The gold needs of India are many times larger than
the annual production and official supplies, Because of
restrictions on the iamport of gold into India, the domestic

2According to Handy and Harman (1977), p.16, "The flow of silver
from India has been an important source to world markets for
many years. This flos appears to react to price changes,
diminishing when prices decline and increasing when they rise®.

N
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price of gold has been consistently highe? than the world pricé.
This has in tur; created an incentive for large scale smuggling
- of gold into India, and the demand for foreigm exchange for this
purpose has fallén onto the hlick narkei..’ | | |
‘The exact relationship of prices of gold and silver with
the black narket)r;té in the foreign exchange market vill become
clear later in this section when a formal expiession for the

determinants 6f the black market exchange rate is derived.

3rks India's gold needs are many times larger than her annual
production of about 3 metric tons, gold smuggling takes place on
a very large scale™, Picks Currency Yearbook (1975-76), p.700.
The relationship between gold smuggling and the black market
exchange rate is evident from the means used to pay for the
sauggled gold. As ¥hite and Stanfield write ( p. 41}, "One means
of payment is black market dollars from all over India. The
little ships bring them back by the suitcase”.
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The usual assu1ptionkof Roney being a dprable p:odncetland
vconsunér good which yields its holders an unspecified "lonetafyri
service" flow, is made, These services, in fu:n, entetvé utility
fqnction ﬁnd the delana'for mRoney ié tﬁen_derived fron the» ,'

- demand for these unspecified lonetgri‘séfviceé. (Priedman,
(1956, p 4); Patinkin, (1965, ch. 5);Kleim, (1974, pp.931-
933)) ¢* The flow of these loneiar; services derived by an

individual cah*be uritteh as:
H=K( H/P) -"-.vo-'.-o( 1 )

vhere ¥ is the flow of real monetary sefvices yieldéd per unit
of time, B/P is the ;tock of real cash bal;ncés held., Equation
(1) can be vievwed as an individual's ptoduétion function for
monetary services (Klein, (1374)) with m/P assulearto have
declining marginal productivity. |

lssulg that there exists another assef denoted by G kQOld)
vhich is held by the individual. This stoék of gold yvields to
its holders a service flow, distinct fros that yielded by the

‘@ a5 if' approach is adopted here., It is assumed that money
yields utility because it is held,
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stock of money balances. S The flow of these services caa be

vritten as:
g = g{ G ) -.:.o...o-(‘ﬂ)

vhere G stands for the étock of7qold héld;_’

:'To facilitate comparison with comamodities, X is denoiedvas'r
the flow of connbdity services consuled}by an individﬁal per
unit of time, The individual's utility_functioq can»theﬁ be

written as:
Ug=10(X, g, §) .Q.l.l..,." 2 )

vhere X equals the rate of éonSnlption of cﬁllodity services, g
stands for the cénsulptibn of gold services, and N eéuaisrthe
rate of consuaaption of'lbnetarf services,

Nov consider the individual's rate of consumption of
commodity services. The flow of X that can be purchased and
consumed per unit of time by an individual is a function of the

rate of net rupee receipts to the individual,

A D AR SR AP ap A-ER . D ah .

sThis is evident from the fact that the portfolio of an
individual is made up of both gold and money..
Also refer to the gquotation on page %3.
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//,

PXoX = ( Puy + iB ) seeeal 37)

vhere X eguals the rate of flow of coanodity services; Px is tﬁé '
price of X; vy is the individnai'; real rate of persanent
earnings; B is the rupee value of investments in bonds; i is the
rate of retprn on these fimancial assets, measured in rupees per
unit‘of“tine; and P is the general price level. Thé tera in
brackets in (3) is the momey income of the individual. As is
evident, it is assumed here that no pecuniary retura is
available on money balances. This assuaption appears to be quite
valid for India.

It is further assumed that the individual has a given total

of real non-human vealth W defined as follows:
V= M/P + B/P + PGuG/P vsesnsenel 4 y ¢

vhere Pg stands for the price of gold., The individual maximizes
his utility subject to his given real husan and non-human wealth

{y and ¥ ), Forming a Lagrangean from (2) and {(3).,

- e ep SR b A W W b AR AR AP WS WD e

¢savings and intertemporal chaages in vealth are being assumed
avay in this model. Therefore, the allocation of wealth to

- future consumption is not discussed. Further, also iamplicit in
the model is the fact that boads do not yield any non-pecuniary
services, Their role is simply to reflect the capital market
clearing interest rate.
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Vv = 0(X,9,M) =L {PXeX=Pay=Bileeesel5)

From {4) above,
B = Pi-!-?q.G oo;ooooqlnv(u')

Substituting (4') into (5) and differentiating it with respect
to the individual's decision variables X, M and G,\the,necessary

conditions for a constrained maximization are:

A aV/ax = Dt'L PX = 0 ceeveseosns (B) |
AVAAM = T FE' (I/B) = L (i) =0 sacees(?)
AV/BG = Ug g' - L(qu) =0 0000000(8)

Assuming that second order conditions hold, the optimua

quantities of X, G and N are given as follows:

L = Ux/Px = U, &' (1/P)/i = U9 g'/iPg esees(9)

Equation (9) states the familiar condition that the marginal
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utility derived frona every good divided by its price asust be the
-'sa:e for all goods. 7 The price of services from uonej is‘the
interest rate and the price of services from gold is the price
of gold multiplied by the interest rate, ®

If the analysis for silver'priée (Ps) is analogous to the
gold price and the relevant elbirical proxy for y aﬁd [} is the
permanent income Yp, then it fOllOHS‘frOl the agove conditions

that demand for money function Can be written as

(M/P) = £ (Yp, Pa, PgS, PSS) ssewma{l10)
|

vhere subscript d refers to the guantity délanded: Pm stands for
the pricé of services reandered by money; Pgs stands for the |
price of gold sérvices: Pss stands for the price of silver
services; 3(5/P)/a!p > 0, a(u/P)/aPl < 0, and as long as the
substitution effect dominates any income eff;;t, B(H/P)/AQQS >

0, a(mu/P) /dpss > 0.

- W W W G W W WO A A W A A

7In (9) above, L stands for the marginal utility from money
income and not for the marginal utility from money as generally
believed., The former is defined as the change in an individual's
utility from a rupee change in income allocated optimally across
all goods and the latter is defined as the change im an
individual's utility from a rupee change in his money holdings.

& This is to remind the readers that this is a static
optimisation of the consumer portfolio in the sense that the
atility function is defined with reference to a single tiame
period. - '
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Froa (9), eQuatibn (10) can also be written as:
(!/P) = f(i' PQi/Pp PSi/P.YP) ..o.tov(‘oa’ ?
d ‘ : ‘

vhere i, Pgi, Psi stand for the price of services rendered by
money, gold and silver respectively. ¥Writing (10a) in

Cobb-Douglas fora,

9The above demand function differs froa that foumnd in Boorman
(1376) , Laidler (13970, ch. 8) etc., where the opportunity cost
of holding momey is the rate of return on alternative assets.
The demand function in (10) is expressed in terms of own and
cross prices of money just like in any demand function in the
theory of consumer behaviour, This formulation is similar to the
one by Klein (1974). ' : .

On the first impression it seeas pecnllar that in this
formulation, I have as arquments both the interest rate and the
level of the gold and silver prices. This result stems froa the
fact that the precious metals are considered to be equivalent to
durable asset holdings, yvielding a flow of services which is-
directly related to their cost. This treatment of .durables is
found in Harberger (1366), Chow (1966, p. 113) and in
Jorgenson's studies of postwvar investaent behaviour (Branson,
(1379, p. 231)). The latter ignored the capital gains term in
his analysis on the assumption that investors either do not know
or do not care what the anticipated capital gains will be vhen
they consider purchasing a capital good, On the other hand, it
is worth noting that capital gains are not excluded froam the

- model, They are captured by the permanent income tera (Yp) which

is the relevant eapirical proxy for the vealtb and the real
pernanent earnings, :

It is clear that in my formulation, I am assuming that
Indian vealth-holders demand. for gold and silver is independent
of expectations about future price 1ncreases, hovever
forlulated.
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a2. a3 a4

-a
/ey = i PGi/P )o( PSi/P ) oYP seecee (10b)

-

vhere al;az,a3are respectively the price elasticities of money,

gold and silver services.

Taking logarithas of’(iob);-

. 1ln B = (1= a2-a3)1n P - (al-'aé-"a3)lh i+ azln Pg-

-~

e¥»a3ln‘Ps + a,1ln¥p .......(10&).

Finariy, it is assumed that the money stock in existence

~adjusts to the quhntity demanded reflecting the long~run

tendency of the money market to move to the equilibrium. That

is,
!S=, !aoo..lo.oooool(“,

vhere snbscript_s refers to the quantity supplied.
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Domestic Price Level .

The domestic price level here is assumed as a weighted
average Of the prices of traded and non-traded goods. Thus, the

domestic price level can vritten as follows (in logarithas):

1n P=b 1n Pt + (1=b) 1D PO eeeessss(12)

fhere Pt is the price of traded goods and Pn is the,price'of
n§n-tféﬁéd qo&ﬁs. The term b stands for the share of tradedw
goods in total_expendituré. It is ‘hypothesized. that India is a
VSlall»ﬁountry in the sensge that fit cannot influence the -world
:prices ;f'tradeables.,aecause tradé takes.plaCe at both the
»ﬁfficial exchange rate (through official channéls) and at the .
biack ;arket rate (through snudqiing), it is postulated that a
ueiqhted average of both df‘tﬁege exéhagge rates is an ”
appropriate fate to detersine the domestic pfices of tradeabies.
Therefore, the expression for prices of tradeables can be |

¥ritten as (again in logarithms):

In Pt ={c 1n Bo + (1~c) 1n Eb ] ¢ 1b PV weuses(13)

4

vhere ¢ is the proportion of trade carried through the official -
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chhnnels at the exchange rate Eo dgfineﬂ as the dongstic priée
‘of foréiqnvcurrency; Eb is the black'harketvexchanqe rate
defined as the donestic pficg of foreiqn'cuprenci in the hlgckﬁ
market; Snd'PU'stanas for the world price level.
frufthe:,_it’should be'noted'thﬁt in a country like India
Qhére foteiqn exchange is allocated:af the officially»fixed
rate,  this exchange rate is,hot relevént for the deteflination
of market prices’of_tradedfqoods. It only tells us about thé
rents captured by the government apd the isporters (and thé
" other usérs) to vhom foreign exchange is made available at the
official rate. In termas of eguation (13) it suggests that the"
‘uéiqht attached to the hlackrlariet eichanQe rate Eb shonldibe
greater than the share of suuqqllnq in the total trade, A
It is further assuled that the prrces of non-tradeables‘
vary monotonically with the prices of tradeah;gs. An anrease in
the reidtive price of traded qodds (thrduqh a dep:eciation ofIBO'_
or Eb or bbth or an exogenous change in P¥) creates an excess '
demand fo;;non-traded goods as the qonsdlers substitute for the

" traded goods and as the productive resouces move into

S5a



S

where z. stands for

the non-traded sector, causing the prices of non-traded goods to
in Pn = k { 1n Pt }_-so.-ooobo"“) ' //‘

|

where £ is thé elasticity of prices of non-traded goods with

rise, Thus,

- respect to the prices of traded goods. '® By substituting (14)

in (12) and then (13) im (12), the following expression is

obtained for the domestic price level in India.

Fj‘ in P = [C 1n EBo f(}-c)/ln Eb +1ln PH] 4 -.-ooto‘15,

b + (1=bjk ] 1t

~

.

4

- A A A A G- SN Ay W

19In the equation dealing with the prices of nomn-tradeables,

Blejer does not attach any coefficient to the prices of

tradeables, isplying tWat prices of non-tradeables move in the
Same proportion as the prices of tradeables.

11If k=1, then z=1, i.e., all goods are traded.
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The Black Barket Exchange Rate

Prom {10c) and (11) a solution is obtained for P which is
the qeneral‘price level net of gold and silter prices. This
expression is then further substituted imn (15) 32 to solve for

Eb. Thus,
‘in Bb = 1/2(1~c){1n M-a Jdn Yp-(a - a,~- ax)ln i
;a3ln Ps -aj,la Pg -z ln éé-zc ln Eo ]
sesvessensssss (16)

But in equation (16), the domestic prices of gold (Pqg) and

"

silver {Ps)‘are related to their respective world prices throuqh

the black market exchange rate, Therefore,

1n qu la Eb + 1n Pq‘.--...--(‘ﬁ aj N

Ed o X F W g R S P

127t should be noted that P in (15) is also to be _considered net
of gold and silver prices. Hence, (1 - a,- a;)ln P in the final
expression is substitoted for (c 1ln Eo + (1-c)ln Eb + 1n Pw ]}z.
thn,:elat;oashiprafAthe—ﬂOlastiC*ptlces of gold and silver with
vorld prices is explicitly taken into account 1n/ggnations {16a)
and (16b).,
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1n Ps = ln' Eb + 1n PS'evasnnsns (15 b)

vhere Pg' is the world gﬁice of gold; and Ps' is the world price
[ 2
i,

of silver, By substitutiny (16 a) and (16 b) in (16), a solution

is obtained for Eb, The reduced form obtained is given below.
1n Eb.= ho‘ hlln Bo ¢ hzln M- h3ln Yp + h41n ;
- h51n Pg?' - h6ln Pst! = h71n Pw ;....(17) 13

Bquation (17) gives the principal determinants of the
exchange rate in the black market for india. They are
respectivelyAthe official exchange rate, the nominal guantity of
roney, the real level of income, the interest rate, the world
prices of déld and silver and the wvworld price level of all 39oﬂs

{(exciuding the prices of gold and
1
’ L 4

13 It is to be noted that the coefficients arrived at in the
equatig‘ (17) are different from the coefficients of the
original structural equations (16), (16 a) and (16 b).
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silver}. 1% Thus, the black market exchange fate has been
determined in a general equilibrius framewvork bg the interaction
of both the goods and the lonéy market. An ilpo:tantffeatufe of
this model is that equilibrium prevails in both the flow and the
étock markets, so ﬁhat the black market exchange rate is not
deterlineq by the current flow demands and supplies of foreign
‘exchan?e as in Blejer's model (1378).

'At this point, it would be pertinent to eaphasize the role
of monetary factors in the deteraination of exchange rate in the
black market, The fact that 'monetarist' assuamptions are made
does not mean that the role of the 'real! factors have been
overlooked. In the above model, the mreal®™ factors enter in the
form of determinants of demand for real balances, which in turn
exert an influeace on the exchange rate in the black market., It
%ill be shown beﬁé/ﬂﬁhat the equlllbrxul black larket exchanqe

rate can change #1thug; any accompanying change in the money

/
4

supply. /
The second tera in the eguation (the official exchange
rate) captures the effect of changes in the official exchange

rate on the black market exchange rate. Other things being
18since there is no coefficient for the risk involved in
transacting in the black market in eguation (17), implicitly it
is beinqg assumed that the penalty structure does not change
during the period to which this model is applied. This is valid
for the case of India, where the authorities have more or less
tolerated the existence and operation of the unofficial market
in foreign currencies, except with the possible exception of one
period., There will be more on this in the next section.
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equal, a higher official exchange rate would reduce the
incentive to under-invoice exports, or to over-invoicg»ilports.
or increase the incentiye to over-invoice exports and divert the
flow of remittances by residents abroad froa the black market to
the official market, Since the demand for foreign exchange in
the black market is not independent of the supply of foreign
exhange to the official market, increased foreign exchange -
receipts would lover the demand for foreign exchange in the
black amarket, 1S

The next tersm captures the effect of aonetary changes on
the black sarket exchange rate, Other. things being equal, a
higher monetary growth in India will mean a depreciating
exchange rate in the black market.

The fourth term reflects the effect of changes in real
income in India on the black market exchange rate. An increase
in real income in India through an increased demand for money

would cause the black market exchange rate to appreciate. Phis

1SThis is also evident from the partial analysis presented in
chapter 2. '

In Blejer's sodel, the black market exchange rate is
positively related with the official rate, That is, when the
official rate depreciates, contrary to the above results, the
black market exchange rate also depreciates. Bledjer's result is
based on the somewvhat unrealistic assumption that the demand for
foreign exchange in the black market is independent of the
differential betveen the official and the black market exchange
rate, In other words, the foreign exchange will always be
demanded in the black market irrespective of the official
exchange rate,
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tera constitutes one of therlinks betveen thé exchange rate ina
the black market, monetary sector and the real sector. For
instance, it tells us howvw changes in productivity get refle;ted
in changes in the exchange rate in the hlhckAlarket. The fifth
tera incorporates the influence of the interest rate in India on
the black market exchange rate. A higher interest rate at home
throuqh a reduced demand for money will cauée the exchange raté
in the black sarket to depreciate,

The next tvwo teras capture the effects of changes in thie
world prices of gold (Pg') and silver (?s'). ceteris Pagibus, an
increase in world price of gold (5r(silver) would increase the
demand for money and cause the black market exchange rate to
appreciate, 16

The last term reflects the effect of world prices of all
goods (excluding gold and silver) on the exchange rate. The
vorld price ievél is a function of the money demand and supply
'conditions in the rest of the world. Other things remaining the
same, risiang prices in the rest of the world due to monetary
expansion in excess of real money demand would cause the black
parket exchange rate to appreciate, 17

" e e W A e - e -

leéThe changes in the world prices of gold and silver could also
be interpreted to reflect confidence in the dollar. PThus, when
gold {(apd/or silver) appreciate, dollar depreciates and rupee
appreciates, S

17 Ope can substitute aoney desand and supply conditions in the
rest of the world for Pv, as in Dormbusch, (1376 a) Girton and
Roper (1377) and Sargan (1377). But to keep this model simple,
Connolly and Silveira's (1379} approach of retaining Pw has been
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Data and Regression Estimates

In.this section, the reqression estimates of the equation
{(17) giving the principal determinants of the black»larket
exchange rate in India are presented. The period of estimation
ranges froa the fifst gquarter of 1967 to the last quarter of
1975, 18 The dependent variable is exp;essed as the price of a
0.S. dollar in rupees in the black market., The data for the
black market exchange rate has been obtained from the Pjck's
gurrepcy Yearbook. 1°

For the variable B (representing the money stock in India)
in the equation (17), 81, consisting of currency, coimns and
denénd depoéits has been used. Since guarterlf»GBP fiéures for
India are not available for the period under study, the real
income variable Yp has been proxied by the quarterly average of

the index of industrial production, .

The price of gold in the world market (Pgq') refers to the

-

1?7 {cont'd)adopted.

18 ghenaver any of the variables in the model are lagged, an
equal number of observations of the lagged variable are
obtained. This way the‘'teffecfive' period covered by this study,
19367 to 1375, is not shortened, :

19See the appendix 32 for the definitioms of the symabols used in
the text and the data sources.
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quarterly average of the lonthly prices in the London gold
market. The gquarterly figures for price of silver in the world
mRarket (Ps') are obtainéd by firét approxilatiﬁq the'lén£h1;
'priéécdf silver»by averaging the end df the month and éhe mniddle
of the month prices, and then computing qguarterly averages froas
the monthly figures, |

Most of the studies have proxied the world price level ({(Pw)
by the U.S. wholesale price index ((Bejer, (1378) ;Connolly and‘
Silveira, (1973)). As one is really interested in changes in ihe
ioney supply in excess of real money deamand in the U.S., it
vould be more appropriate to use the U9.S, implicit price
deflator ( which is obtained by dividing the nominal GHP by the
real GNP) in place of the U.S. wholesale price index. Thus, the
U.S.'ilplicit price deflator has been nsed<as a proxy for the ~

# yariable Pv., The quarterly average of the call money rate in

India has been used as a proxy for the interest rate variable‘
(i),'zo

During the period uﬁder study, the variation in the
official exchange rate (expressed as price of oné J.5. dollar in

the official market) vas relatively insignificant. 2! Therefore,

28The other available proxy is the yvield on the governmernt
bonds., But the .change in it between 1367-1975 is barely
noticeable, : S

2L Por instance, the official exchange rate (expressed in teras
of a 0.S. dollar) stood at around BRs 7.5 from 1367 to 1373, It
rose slightly to around BRs 8 during 137&4-75.
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tgis_Variable has been inc;rporated in the intercept tera.

Since the effect of the variables N, Yp‘and Pw on the

-dependent variable is distributed over a period of time, these

variables have been lagged up to foit quarters. For th;s
purpose, Almon polynomials of second deqreé constraiﬁed on the
riqght have been used. 22 .
Table 3.1 presents the regression estimates of the equation
{17). The adjusted R square is relatively high and the
feqression egquation is sigpnificant at the one pércent level. The
D.W. statistic is two, suggesting absence of first-order seriél
cdrrelation. The latter also suggests that no important variable ~
has been oiitted from the theoretical specification.

A1l the variables have the right signs except the world

price level variable (Pw). But the latter is not siqnificahtly

‘di fferent from zero., The coefficients attached to the variables

Pg'!, Yp and M enter the regression at five percent level of
significance and the variable (i) enters ihe regression at ten
percent level of significance. The variable Ps® hés the right
sign but is statistically insignificant. This could be
attributed to the fact that from time to time Indian government
has permitted the official exports of silver by way of export
gquotas etc, with part of the receipts entering the bfficiai

S S EEAS D b Gy S GGy W AL A AW

22)n unconstrained lag structure (which is not reported here)
vas also tried, The results presented in Table 3.1 are not very
different from them. The notable difference was a higher D.¥.
Statistic (2.29), with approximately the same P statistic.
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TABLE 3.1

1967 to 1975

- D P S D D D D D G T D - .

** - Significant at the .05 level

* - Significant at the .10 level

{ Two-Tailed Test)

64

Regression Estimates of Bgquation (17)

-

o e - > S w

VARIABLES (in 1n) COEPFICIENTS T VALUES
"CONSTARNT 3.893 ( 9.93) %=
Ps!? -0.004 (-0.05)
pq* -0.519 (-5.47) %%
i 0.065 ( 1.92)*
N 0.821 ( 3.03)**
1p -0.850 (~2.73) #*
P 0.259 ( 0:55)

B Square .834

Adjusted R Sgqguare ‘ »827

F Statistic 24,233

SER . 045 B

D.¥. 2.022



TABLE 3.2

Distributed Lags of M, Yp and Pw

. #% - Significant at the .05 level

* - Significant at the ,10 level

( Two-Tailed Test)

65

VARIABLE COEFFICIENT T VALUES

M (t-0) -0. 359 (- 0.84)
M o(t-1) 0.246 ( 3.03) *=
B (t-2) 0.508 ( 1.92)#
Pu{t-0) 1.717 ( 3.35)%+
Py (t=2) -0. 754 ( -2.31)%
Pw (t-3) -0,780 ( =2.60) **
YD(t-O) "1. 253 ( ‘3. u“)**
Ip (t-1) -0.255 ((=2.73) **
p (t-2) 0.286 ( 1.60)
Yp(t-3) 0.371 ( 2.17) **



rese:veé. ‘ o _

Table 3.2 reports the estimates of each of thevdistribﬂfed
“lags for N, Pv and Yp respectively. (In table 3.1, only the suas -
of the lagged cpefficients are presented.) Tﬁe'coefficienté of
money snppiy variable refering to the'quarters t-i for‘i =1,2‘(
are siginificantly different froms zero'and the coefficient of
guarter t-0 is not significantly different froam zero. It seems
therefore that the effect of monetary expansion on the black
market exchange rate heqxns in the second quatter.

The coefficients .of Puerefe:rinq to quarters t-i-for i>2
- have theiexbected sign and are siénificantvat five peteent
1evel.58n£'the coefficient of the first qnarter has the wreng
sign and is significantly different from zero. This suqgests
that the black market exchanqe rate o’ershoots the 1onq-rdn4 -
equilibrium level vhen the world price level rises,

In‘the4egnation (17), it vas iiplicitlyﬁessuled‘that the
peqalty structure remains unchanged during the ‘period t; uhich
this model is applied. There is hovever some period covered by
this study during which the probability of conviction could have
altered, To test if tﬁe emergency imposed by Ars. Gandhi ie -
June/July 1375 and the crackdoin on people operating in this "~
laiket prior to it had any significant effect on the black
"market exchagge rate, a duily variable was tried for the last
four and five guarters. The results (not reborted here) showed

hovever, that none of these factors had any statistically
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f
significant~effe¢§ on the black market exchange rate,

,Iﬂ’iﬁisrchapte:,'l déielopedlg lode1 fof the detetiinantéj
of the black latket in fdtéign eiéhanqe for India. This model
ditelpted to'iiprdvevnpon thé models built by authors like
Culbertson and Blejer. TLis was achieved by
1. allouin§ fof interaction betveen sauggling and the bla?k

market for foreign currenﬁigs»and I

2. determining the black iafkétrexcHQSge rate in a Qenefal

‘_equilibriqn fraiévork; by nsin& theiéonﬁitions of stock
equilibrium in which a flow equilibrium is implicit.
The reduced forn expre531on obtained shoued that the

‘pr1nc1pa1 deterilnants of the exchange rate in the black latket
in Indla are, the offlcxal exchanqe rate, ghe nominal guantity
of léney, real level ofrlncone and 1ntexgst rate, and the'vorld
priceé of gold amd silver and thé}vptid'priée level.

| The redressiﬁn :ésults of the rgduéed fotlrvere,qeneraliy
supportive of the fbr;ﬁlation. The iorid price of gold, the real
income, the domestic ionéj'snpply and—the interest rate vere
found to have a statistically significant effect on the black
marTket exchange>rate. The results ilso’squest tﬁat the effects

of a lonetary expansxon at hone, and of a change in the world

price level on the dependent varlable begin to show in the

-

67



second and third quarters ééséeétiiély. Furthermore, it wvas
found that the black larket'e;change~r§%e overshoots the

long-run equilibrium level vhen the vorldrprice changes.

—
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IV. Oa the Efficiency of Black Harkets is roreign Curreacies

7

There is an overlhglling eiﬁirical literature in support of
the pfoposition,that the stock lﬁriet'is efficient, in the 9gense
th;; pricgg“fully'reflect all the publicly available
information, ! In an efficient’ larket, traders collect and
process all the 1nforlatxon ava;lable to them in order to assess
the value. of an assgt. Thns, the market prices at which trade
takes place continuously reflects this information, thereby
elllznatznq anr extra-normal profit oppurtnnxtxes.

Since some of the major currencies have been floatan over
the last seven years, interest has been directed to the question
of efficiency of foreign exchange markets in processing the

available information, % Most of the elpiriéal work generally

supports the hypothesis that the foreign exchange markets are

A GRa R A S G S e e

t See, for instance, Fama et al (1969) and Pama {1970)

2See, for instance, Giddy and Dufey (197S), Burt, Kaed and Booth

(1977) , Levich (1378), Cornell and Dietrich (1378}, Logue,
Sweeney and ¥illet (13978),
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efficient in the weak form sense, 3 In some countries tradznq in
foreign currencies takes place ip black markets, The reasons for
the esergence of these larkéts,ieré d;scussed'in some detail in
the earlier chaéters.4rhe discussion focused on the various
restrictions that are placed on the foreiqn sector. The'
importance of these markets in sustaining illeqal import and
export of goods and assets, as well as illeqat'capitat*flovs.has ‘
been growiog in the pastrfév years, ¢ TEe relevant question to
be analysed in this chapter is vhether these markets are véak
fora efficient,

In the black markets for foreign énrrenaies, the
inforsation aboéggbrices and market participants is generally
imperfect, making price comparisons difficult, Purther, these
sarkets tend to beklhin and often seqiented. Moreover, the

transaction costs, as measured by the buy~-sell differential,

could also be high. These factors could hinder efficient

cemmmcemcem——am——-

3In the literaturd, there exist three versions of the efficient
:arket hypothesis, The first, the so-called veak formx asserts
that “successive changes in prices are independent of the
sequence of past prices. That is, the historical record of
prices contains o informatiom which can be used by market
participants to forecast future prices. The semi-stroaq fora
deals with the speed of price adjustment to other *obviously
publicly available imformation'. (Fama, (1370)). FPinally, the
,,st:nnqufarn,sa;s that not only public~tn£ezaatianwbat~g;i~—w« -
1afornation is fully reflected in prices.

*For some elpirical ‘estimates of over and under 1n101-1ng of
exports, imports and smuggling in India, see chapter 2.
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adjﬁét!ent of exchange rates to newv information. % - 7
In the following sec&ion; I discuss various models of veak
form version Qf efficient market hypothesis with reference to
,exchangé Tates, The most appropriate model is then used to carry
out the market efficiency tests on black markets in foreign
cuffencies. These tests are basea on the autocorrelation
functions of rates of retarn on curreacy posipiogs {in the black
- market), non-parane%ric tests like the runs analysis, and the
sechanical tradihq rules applied to historical currency prices
in the black market. The overall results of this chapter suggest
tﬁ;t the hypothesis that black,larkets are efficient at least in

the wveak form catnot be rejected.

The Efficjent Market HypothesisiAlterpative Hodels

In this section, no distinction is made between freely
floating exchange rates and the black.;ﬁrket exchange rates. The
terna ?exchanqe r;te' refers to.both. ¢

The stronq fors version of the efficient market hypothesis
which asserts that exchange rates "fully reflect"” all the
publicly availabla information is too general to be tested

3It is worth notinq that these conditions are not ngcessary for

the efficient adjnstlent of prxces. Por a detailed explamation,

sSee Pama (1370). — -~ - =

$This section relies heavily oo Giddy and Dufey (1975) and
Géranger and Morgemstern (1370).
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empirically. To make this hypotﬁesi;“tbstable, the process of
price formation needs to be specified in greater detail. This
can be achieved by assuming that the condition of market
equilibrioa can be stated in teras of exbected retaras,

Notationally, it can be described as follows:

E (Yt+i#t) = 1 ¢ E(Et+1\*>t) ]xt . .

-

;%ife E is the expected value operator; X .s the exchange rate
at time t; R.is the one period rate of return; &trepresents that
set of informatioa vhick is assumed to be fully reflected in the
exchange rate at‘t.

The process that determines the exchange rate can be
described as follows, At time t, the market uses the given
nforsation set #tto assess the probability distribution of
..+ The mean of this distribution is the expected future
exchange rate, E { iﬁl#t). This assessment of the distribution
of i;‘]coupled vith some model of equilibriuas expected retura,

S

then detersines B ('iji#t). The B { §t+{§g in conjunction with E
{ ft+£#é deteraines the equilibrium exchange rate at t, X.. It
is in this sen se that the inforsation sgt #tis fully reflected
in the formation of I..

Proa the process of exchange rate determination described

above, a test of market efficiency is a simultaaseous test of

12



efficiency and of the assulptions of market eqnilibriul. If the
null hypothesis (that the market is efficient) cannot be .
rejected, then this iaplies that the assumptions aboﬁt market
equilibrius cannot be rejected also, Conversely, if the\pull
hypothesis is rejected, then the problem lies in decidind3\
vhether to reject the hypothesis of market efficiency or thé\\
issnnptions of the underlying market model.

The inforsation set needed to carry out strong form tests
is not qeneralli available to researchers studying events ex
post. Therefore, the concept of market efficiency has been
discussed vith>reference to the information set consisting of
only the series of past prices and returns. This is the
so-called weak form version of the efficient market hypothesis.
The variants of fhis version of the efficient market hypothesis

are discussed below.

Hypothesis 1 (Martingale}

¥hen all new information that can potentially affect
exchange rates is reflected in the actions of the participants
in the foreign exdhanqe market, the exchange rate has an equal
probability of appreciating or depreciating, Therefore, theA
exchange rate’expecied to prevail in the next time period, given
the information available to the forecaster, is simply the

present exchange rate. The exchange rate series
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is then said to follov a nartingale:

Y

L}
I

B SU

i "xttcn-ooa(1)

#tdenotes all the publicly available information at time t;'t
represents the series of present and past @flues of g:i.e.. xt.
I t_r...:+tis a subset of +!t.i.e., ?.gontains at most the
information in &' but it could not contain more., 7

0r, equivalently, let:—

R =

gln I, 1n X, ( X X 3)/X

B_is the rate of change of the exchange rate, or the return

7¥hen T, is a martingale, then the same holds for ln X . Por
details, see Giddy and Dufey (1975} p. 8.
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" from holding the fdfeiqn carrency from t-1 to t.8

=E Uth+l‘ %"t )

e

E (.gt+1“#t )

W
E (R ey

S

= 0 .-...\....(2)

That is, the expected return on holdiﬁq foreign currenhcy with
respect Yo the information sequence ({ bt}, is zero. In other
vords, sequence ( gt) is a "fair game" with respect to the
information seénence [#t}. Thus, given that the exchange rate
follovs a martingale, the B { 3‘ﬁ1) is a constant. #hen gtis
further restricted to being serially independent and identically

distributed, then the above model

L 2 L B T 2 % S 2 T T F T F ¥ 3

SThere are two main reasons for using logarithmic fora. Pirst,
it facilitates coaparison between vields on holdiag foreign
" currencies and securities, especially wvhen for changes less than

plus minus 15 per ceat the change in log price approximates the

percentage price chaange. (For a proof of this statement, see

Fama (1365} p. 85}, Second, it eliminates the effect of scale.

That is, it overcomes the possible probleas which could arise
vith observations that are widely different in magaitude.
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becomes a random walk, *

1n Ytz in ‘ft'l’ vﬁt‘t.lll"‘3’
where B (ﬁé) = 0, Cov { i;,ﬁ;_j) = 0, for all j ¥ 0, However, it

is not necessary for the purposes of testing the efficient
market hypothesis to impose the aforementioned restrictions on

B

.o All that is required is that'gthave a finite variance, It is

worth noting that a pair of variables cdn be serially
uncorrelated yet not be independent., !9 Therefore, the foliowinq
discussion and tests revolve around a2 martingale rather than a
randos valk model in the strict sense.

It follows fros (1) and (2) that today's exchange rate is
the best predictor of any fanture exchange rates and that the
seguence i;is a fair game.

Pros (3},

*Por a brief history of the randos walk model and the specific
nases that have been given to this model, see Granger and
Norgenstern (19370) ch. 3.

15 Only vhea tvwo rapdos variables come from a bivariate norsal
diztribution and have a zero correlation, can one conclude that
these variables are independeat. Por a detailed diacussion on
this, see Granger and Morgenstern (1370) ch. 3.
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By successive substitution, the following result is obtained:

B(l¥,_  )=1lax+ % B (R

{(because Eﬂ}s uncorrelated, Bfﬁ y = 0, all )

t+3]
= 1n xt......-oo-(“)

That is, the best predictor of any future exchange rate is the
present exchange rate.

Purther, define 3' = in
t+n

thenB(B't )=Bln(lt+n )°lnlt

+n

Using {&) from above, . o — -

~ z la X 10 Xt

17



\#/: =0 ."..-.'.....(5)

That is, the expected return on holding a foreign currency for
anyY period is zero.

One major ilplication of (4) and (5) is; that any fqrecast
based on past values of exchange rates will do0 no better than

the sisple martingale model,

Hypothesis 2 (Submartingale)

The hypothesis 1 isplicitly assumed that traders hold
foreiqr exchange in non-interest bearing foras like specie or
demand deposits and that there are no lending and borrowing
opportunities. Clearly, this is not always the case. The
subsartingale form of the efficient market hypothesis corrects
for this deficiency. According to this version, the best
forecast of the future éxchange rate is the present exchange
rate after it has been adjusted for the differences in returns
that can be earned in each of the two currencies. Thus, not only

does the newv information influence the behavior of the traders,

losses (vhichever is the case) on holdinqs,ofﬂforeiqa—cuireacy.

The exEEanqe rate series { I_} follovws a submartingale with
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respect to any information sequence { *t}:

E { ?tﬂ\ i,ig) = E (,Yt+1 [ jD'iF'#'t,

Ld

= E (It+1\in'iv %t)
= Itf( iDO iEJ >/<.xtlt..'.‘6)

vhere iDand iFstand for the yvields on domestic and foreign
interest bearing instruments respectively. The submartingale

form can also be expressed in teras of the rates of return.

B (‘é’tﬂt ieiz) %0 canaeaa(T) 12

i -

Pros the above discussion; it appears that a submartingale
is theoretically an appropriate model for testing market

efficiency in the weak fora sease. It is iaplicitly being

t1Por derivation of (6) and (7), see Giddy and Duffey (1375) pp
12-113. 7
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assumed that the underlying determinants of the exchange rate in
the black market are generated by a stationary stochastic
procéss. This enables one to apply the martingale or

subsartingale models to the exchange rate sequence [ X_}.

A Brief Overviewv of the Existing Studies

Recently, two pépers have speéifically tested for the
efficiency of the black markets in foreién currencies. In the
first study, Pishelson (1378) analysed the speed of adjustleht
of exchange rates in the black market to newv information, which
is the semi~strong version of the efficient market hypothesis,
He examined vhether changes in spot rates of British pound,
Gersan mark and Swiss ffanc in the Buropean exchanqg markets are
transmitted to the Israeli black market. This analysis is based
on tﬁe assuaption that the black market predoninantly.exists for
the leading currency, the U0.S. dollar. Given the price of the
J.5. dollar in the black larkat (iin-tetls of-israéli ponnds)f~'
the exchanqe rates in the black larket for the above ~urrencies'
can be estllated by taking the prodnct of the prlce of the 0. S.vg'
dollar in the black lartet and the Bnropean spot rates
(expressed in teras of the U0.S. dollar). The co-ef£1c1ents of‘
his regression analysis vere geserally snbbortivéﬁof”peffbét
arbitrage ia the black markets, Por instance, a one percent

»increase in the price of the British pound in teras of the U.S.

’
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d‘ollar raises the price of the British poﬁnd in terams of the
Israeli pound by one percent, Bowever, there was one problea.
The results contained siqnificani first-order serial
correlation. This suggested that there is some lag beforg
information is fully transaitted to the Israeli exchange market.
This was explained by Pishelson in teras of (a) caution on the
part of traders and (b) to the lack of a forward market in black
foreiqn exchange.

In the other study, Giddy (1978) examined veekly changes in
the black market premium for Brazil, Peru and Israel. By
identifying and fitting ARINA models 12 to the sequence of the
first differences of black nquet ptelia. he concluded that the
black market for all three countries is efficient in the ;eat

fors sense,

- e onan w onap -.-.--‘-“-

LZ1318) (Autoregressive ntﬂritﬂd ﬂovinq ‘iverage) lodels are o
fitted on the exchange rate series by the use of Box and Jemkins =~
"~ (1976) technigues. The essential idea is to model the series so =

-~ that the residuals are reduced to shite noise. Por a sllplified
' dxscusszon on ARINA lodels, see lelson (1973). o
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rhe empirical tests présentedrin this chapter have been
carried out on both the sonthly and the ieekly black lartet
-exchanqe rates for indxa; fai;ah and South Korea. rhe exchanqe
rate is defined as the price of a U.S. dollar in domestic
currency in the black market. The'lonthlf;obse:vatio§s réfer to
the end of the month price of a U.S. dollar. The lalthli'period
ranges from January 1958 to March of 1376. The data has been
obtained fros the Pjick's GCurrefcyY Yearhooks. !? The veekly
exchange rates refer to the ;;IIin price of the 0.5. dollar
prevailinq‘oﬁ Tuesdays. !* The data for these exchange rate
series has been obtained ﬁ?g, the Par Basteri Ecomomic Reviev..
The period covered is from September 7, 1976 through September
18, 1979 - a total of 153 weeks. ts |

- A D D DD L P

13In June of 1962, the South Korean hwan was abolishked and
replaced by von, vhich was set equal to 10 hvans, The data from
January 1958 to Bay 1362 has therefore been adjusted
~accordiagly. Since mo observation is available for Junme 1962,
previouas lonth's valne has boen useﬁ xn 1ts place. ST

j:"‘am'uf th&r& are._a. i&l uceptinnh Sj,x MQQM mm o ...
~ exchange rate on nondays and two observations refer to the

‘Vprexigua vegk's rate Qn_;nnsday.,;,,_;3_f_wfffﬁ,J, .

1$Yhe period of stndy for both the leekly and ‘the . lonthlr SQries'f |

has been deterained by the avaxlabxlity of data.
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- -three. i"*“cas’f°f‘*ht"ﬁﬁtir“series*terE‘the coefficienfs’il

The statistical tests for efflcxency are petforled on the

first differences of the natural logarithas of the exchange rate

‘'series, that is, the relative price change in percentaqe teras.

These tests consist of the statistical significance of
autocorrelation functions, the analysis of runs and the

Alexanderian filter rules.

“the plots of each of the exchange rate series and of the

first differences of their natuaral logarithls are presented in
Pigures 8.1 throagh 4. 12, Because of the opportunity cost of
holding foreign exchange, the first differences Q;onld have been
adjusted for relative interest rates, But, given the diffictlty
of finqinqviﬁtefnstAhearinq'instrnlents of con;;rabla risk in

these &uttencieﬁg-snch adfustment s vere not carried out.

Espirical Regults

The Autocorrelation Pumctions

‘Por both thn'lanthly and weekly exchange rate series.

autocorralntzon fnnctions vere calcnlated for 1aqs of up to 24,

#

L rhe rosnlts are- reyortod in tahlns N, 1 thronqh u 6. In only

S



significant at the .05 level., These were for two week and nine
veek lags in the Indian Rupee and five wveek lag in the Taivanese
dollar, te In the monthly series for the Indian rupee and
Taiwanese dollar no coefficieant was found to be statistically
significant, However, for the South Korean won, coefficients
significantly different from zero at .05 level were found for
the first, fourteenth and twenty-first lags. These indieations
of dependency should be ﬁreated with caution since,theee could
be due to sampling errors. aore'inportantly hbuever; the
observed price distributions were strongly leptokurtic.!?The
ilplication of the latter is, that the probability of relatively
large or small changes fronione veek to the next is greater than
vould be expected under a normal distribution. t® Therefore, the
significance tests which aésule norsal distributions could be -
nisleedinq. These tests may indicate depepdency when none is
actuoally present., Since very few coefficients were found to be
significant in the exchange rate series, and these too did not

A

display any systematic pattern in terams of signs

isPor a random data set, one would expect one coefficient to be
significant for every twventy calculated, Hence, for India, the
nuaber of significant coefficients is slightly higher than
expected if the series were randoms. .

1 7The standardlsed kistograms for each of the exchange rate
series can be seen in therep?egdix to chapter fours

18The same has been observed in the studies dealing with stock
markets {Pama (1965)) and freely floating exchange rates (Giddy
and Dufey (1975), Burt, Kaen and Booth (1377), Cornell and
Dietrich (1378})}).
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TABLE 4,1
Autocorrelation Paunctions of ¥eekly Series for India

Septeaber 7, 1376 to September 18, 1979(159 Veeks)

............... U S
116 COEPPICTIENT LAG COEPPICIENT

1 -0.12 13 0.11

2 -0.18# 1w ~0.12

3 0.06 15 -0.15

8 0.00 16 0.16

5 -0.08 17 P -0.09

6 0.02 18 -0.07

7 0.08 19 0.11

8 0.08 20 -0.08

9 -0.18% 21 0,01

10 -0.03 22 0.01

11 0.09 23 ., 0.02

12 -0.02 20 b c0.01
* gignificant at .05 level. ”
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. TABLE 4.2
Autocorrelation Punctions of Monthly Series for India

January 1958 to March 1976 (219 Months)

LAG COEPFICIENT LAG COEPPICIENT
1 . 0,03 13 0.01
2 { -0.09 ' 1w -0.03
3 -0.13 15 -0.13
4 =0,12 16 '~ =0.05
5 -0.05 17 i 0.00
6 -0,03 18 —-0.01
7 0,07 19 0,00
8 -0.05 20 0.03
9 0.13 21 0.00

10 0.02 22 0.06

11 0.11 23 0.02

12 0.08 28 © =0.05

* gignificant at .05 level.
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_ ‘ TABLE #.3 _

Autocorrelation Punctions of Weekly Series for South Korea

September 7, 1976 to September 18.’1979{}5§'Beeks;x

LG COEFFICIENT © 1ag COEFPICIENT
IR -0.11 - 13 0.03
2 | -0.10 14 ’ o.o;
3 | 0.08 15 ©=0.09
4 0.06 16 ! 0.15
5 -0.02 7 -7 -0.03
6 0,02 18 -0.09
7 | '°-9.03/ 19 -0.05
8 0.0% 20  -0.14
9 0,00 21 10.00
10 0.09 22 ~ -0.02
11 -0.03 23 0.09
12 -0.08 24 0.05

* significant at .05 level.
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TABLE 4.4

Autocorrelation Punctions of Monthly Series for South Korea

January 1958 to March 1976 (219 Nonths)

COEBFFPIC

0.27*
0,12
~0.05
—
-0.04
0.02
0.01
0.01
0.04
0.02
0.08
-0.11

-0.03

- dhas e W en o an wp wmub @

D A DD AP G S D D D S A Dl Gy Y D h Gn G SPGB b @ A e . W

IENT LAG

22
23

24

* siqnificant at .05 level,

100

COETPICIENT

0.00
-0,18%
-0.07
0.04
- 0.06
-0.01
40.01
0.03 ~
-0.17%
-0.11
-0.05

-0.08 :
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TABLE 4,5
_Autocorrelation Punctions of Weekly Series for raiuan_

September 7, 1976 to September 18, 1379 (159 Weeks)

.

LAG  COEFFICIENT LAG COEFPICIENT
Rt cmemm———ee e ————em——cc—eeee ————
T 0,02 13 0.08

2 - 0.05 1w 0.01

3 ©-0.07 15 0,04

a -0.04 T © -0.05

5 0.17¢ 17 0.04

6 - -0,08 18 -0.13

7 ~ 0.03 19 -0.01

8 -0.09 “ 20 0. 11

9 -0.06 21 0.08

10 0.09 22 © -0.03

11 -0.11 23 ~ 0.01

12 0.02 24 -0.10

* significant at .05 level.
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TABLE 4,6
Autocorrelation Punctions of Monthly Series for Tai wan

January 1958 to March 1976 (219 HNonths)

LAG COEFFICIENT LAG COEPFICIENT
T -0.13 13 0.00
2 -0.10 % -0.,05
3 0.06 15 -0.04
4 -0,05 16 -0.02 .

5 -0.02 17 _ 0.06
6 -0.06 18 0. 10
7 -0.06 ' 19  -0.09
8 | 0.10 20 0.01
9 0.01 21 ~0.03

10 -0.08 22 ~0.06

1" 0.01 23 0.04

12 0.01 24 0.11

* sjgnificant at .05 1eve1.
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TABLE 4.7

The Q0 Test on Weekly Series

CURRENCY Q - STATISTIC
Indian rupee 35,676
South Korean won 18,707
Taivanese dollar 21,58

- - - R D D D D D DD P Y DD D G PP D P D D W P D un G D D S A

* significant at .05 level,
TABLE 4.8

The Q Test on Monthly Series

CURRERCY Q - STATISTIC
Indian rupee 26.596

South Korean ¥on 45, 845%
Taivanese dollar yf} 22,192

* gignificant at .05 level.

e

103



3
and lags, the results in Tables 8.1 through 4.6 were considered

to support the hypothesis that rates of return are independent
and that the market is efficient in the wveak foram sense.

The Box-Pierce statistic (or the Q statistic) can be used
to test for a flat autocorrelation structure. ° Under the null

hypothesis that all autocorrelations are zero,

vhere

- -]
it

the number of observations and

the estimated autocorrelation at lag j

“gd
L
]

¥ill be approxismately chi-square distributed with j degrees of

freedos. The estimated values of Q for the three currencies are
1sThe Box-Pierce statistic has been devised to test the
siqnificance of correlation between obhservations in a given
series, This statistic is used here to determine how stronqg the
correlation is betwveen rates of return on currency positions.
The Q statistic has a chi~square distribution. If the calculated
value of Q from the exchange rate series falls below the
critical value obtained from the chi-square distribution table.
the correlation between the rates of return is considered to be
statistically insignificant, .
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reported in Table #.7 and 4.8, These vere compared with the
tabulated value of chi-square for twenty-four degrees of freedom
at .05 level of significance. The estimated values of the Q
statistic for the wveekly series of all three currencies and the
monthly series of Indian rupee and Taivanese dollar were below
the critical value of chi-square. Hence, the null hypothesis of
a flat autocorrelation for these particular series cannot be
rejected, thereby implying that the rates of return on these
currencies are uncorrelated over the time period studied. Thése
results based on the autoéorrelation functions are not only
consistent with the hypothesis that the black foreiqn eXchange
markets for these currencies are eE‘icientAbut they are also
consistent with the assumptions underlying the market
eguilibrius model, |

Hovever, the estimated value of Q statistic is greater than
the critical value of chi-square for the South Korean won
aonthly exchange rate series indicating dependency. This could
be explained by shifts in the mean of the process from one
period to another (i.e., the process generating the firSt
differences of the natural logarithms of the exchange rate
series layzhe Rean non-stationary). zo Under these conditions,
the measared aut$correlations 23y misrepresent the true

LA kA F T K B R 2 R T 2 T L 3 %3

209For a discussion of stationmarity and non-stationarity, see
§elson (1373} ch.2.
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evolution of the series, 2t

FIGURE 4.13

45

v

Pigure 84.13 shows. how shifts in the mean of a stochastic
process could bias autocorrelation tests in favour of market

inefficiency. Suppose the mean of the stochastic process a' in

2i15yeeney (1978) wvhile studying the efficiency of the goods
narket exasmined the autocorrelation structure of the inflation
rate series for some vestern countries, He found a number of
signi ficant autocorrelation coefficients. However, when bhe
segsented the series, the number of significant coefficients
were not greater than expected with a random series. This wvas
indicative of mean non-stationarity. Further, when he
incorporated the non-stationarity of the process im his
hypothesis, any evidence of inefficiency was rejected.
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the first sub-period unexpectedly shifts to a'!' in the second
half of the period. If this shift(i§,naaﬁiiéipated, it cannot
profitably be exploited and is therefore consistent with market
efficiency. If the rates of return on the currency positions are
uncorrelated in each of the sub-periods, the regression lines

'

for the first and second sub-periods will tend to be horizontal
through a' and a'' respectively. But uhen‘the data for the '
entire period is pooled, the regression line will tend to be
biased towards the 45 degree line and the autocorrelation
co-efficients for lags one and beydnd could appear to be
siginificant,

To examine whether this type of bias is present in the
South Kore;n monthly seriés, it was broken into three segments
of six, four and eight years respectively. The autocorrélation
coefficients are reported ﬁpto l;q 16 in Table 4.9, Por the
first and third sub-periods, no antocorrelation coefficient is
significantly different from zero. In the second sub-period,
however, tvo coefficients are found to be significant at thé
five percent level. aAn exapination of the second sub-period

reveals that the official eichanqe rite of won was fregquently

devalued in 13968 and 1965, 22 resulting

~22Por instance, won was devalued on 3rd May, 1964 and a system
of fluctuating rate vas introduced. It was further devalued in
Sarch and in June of 1965. ¥hen these two years are dropped froa
the second sub-period, the autocorrelation functions for the
remaining tvo years turnm out to be white noise.
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TABLE 4.9
Autocorrelations of the Segmented South Korean Series

( 219 Months )

»

1958, 1 1964, 1 1968. 1

LAG 1963, 12 1967.12 1976. 3
0.13 0.45% 0.19

2 0.16  ° 0.u3% -0. 14
3 ©0.1 0.23 -0.12
4 - -0,21 0.06 0.00
5 0.08 0.09 -0.11
6 -0.07 | 0.05 0.01
7 0.07 0.09 -0.13
8 -0,07 0.05 -0.01
9 -0.16 -0.04 0. 11
10 0.08 -0.08 0.05
11 -0.18 -0,04 -0.19
12 0.07 T =0.17 -0.06
13 ’ 0.11 | -0.14 -0.03
18- -0.27 -0.27 -0.15
15 0.08 -0, 26 , -0.13
16 -0.20 =0.15 0.21

* significant at .05 level,
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TABLE 4.10

Currency Price Change Runs for Exchange Series(159 Week s)

CUBRRENCY TOTAL TOTAL STANDARD
OBSERYED EXPECTED ERROR
RUNS RUNS

Indian Rupee 103.00
Soutﬁ Korean

S$on ‘ 99,00
Taivanese i

Dollar . 105,00

* siganificant at .05 level,

106.05
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TABLE &, 1t

Currency Price Change Runs for Exchange Series (219 Konths)

CURRENCY TOTAL TOTAL STANDARD
OBSERVED EIPECTED ERROR
ROUNS RUNS

Indian Rupee 108 117.01 7. 16

South Korean

Yon ' 101 130.04 6.8u%
Taiwvanese >
Dollar y 117 116,64 ‘ 7.30

* significant at .05 level,
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io many discrete sh1fts in the mean of the processiqeneratlnq
the rtates of return on’éurrency positions. These shlfts hiased
the autocorrelation coefficients for the monthly series of the
South korean won. Hence, it would be reasonable to conclude that

the nulluﬁipothesis of market efficiency for the South Korean

won cannot be rejected, at least for the segmented series

despite some apparent signs of dependence in the pooled series,

Runs Analysis

This analysis has been widely used for testing the
randomness of the series of stock prices (Pama, (1965)) and

freely floating exchange rates (Burt, Kaen and Booth (1977),

Cornell and Dietrich (1978)).

) A run is defined as a sequence of price changes of the saae
sidn. Runs 3?‘?7 - and 0 price changes for monthly and wveekly
exchange rate series of the three currencies were computed., 23

By assuginq that the sample proportions of positive,
negativemand zZero price changes are good estimates of the
population prpportions, under the hypothesis of independence,
the total expected nuamber of runs of all signs of an exchange

rate series were estimated as follows: 2¢

AR e G SR A A D Gh GEED D AP G R A A .

23For details of ruids of dszerent lengths of +, -, and 0, see
appendix to chapter four,

24This section relies heavily on Pama (1365} pp. 74-76.
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For large samples, the distribution of the total number of
runs is approxisately normal with mean m and standard errord . -
To test whether the difference between the actual and the
expected number of runs is significantly different, the

following statistic is computed:
K= (R + 1/2 ) - n /%000----.‘3)

vhere K is a standard normal variate distributed with amean zero
and variance one and 1/2 in the numerator is a discontinuity
adjﬁstnentﬂ If K lies in the interval + 1,96 and - 1.96, then
the hypothesis of independence cannot be rejected at five
percent level of significance.

Table 4,10 shows the total expected and actual number of

112



runs for the weekly series, These results indicate that for the
South Korean ¥on and the Taiwanese dollar the total number of
observed runs is greater than éxpected. However the reverse is
true for the Indian ruppee. But for none of the currencies, vas
this difference siqnificant at the .05 level.

The actual and expected nuasber of runs for the monthly
series are given in Table 4.1, For the Taivanese dollar, the
actual number of runs is very close to the expected number of
runs, The aciual number of runs for the Indian rupee and South
Korean wonh are léss than the expected. But, only for the South
kérean won is this difference significant at five percentklevel.
indicating positive serial correlation. But, when account is
taken of the fact that this series is mean non~stationary, this
result is not surprising. Therefore, the results of the runs

analysis also support the hypothesis of independence.

Pilter Rules

In order to detect dependencies that are not '‘a strict
function of time ( e.g., are of non~-linear foram), certain
trading ;trateqies called filter rules have been devised. These
filter rules were first eaployed by Alexander (1961) to identify
potentially profitable swings in stock prices. '

The filters are buy and sell rules based on past and

current hehaviou: of the exchange rate. The rule elployed in
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this studyris, ®Buy when the price is XX above its previous low
and sell wvhen price is Y% belov its previous high", As is
evident, an infinite number of such rules can be designed by
varying X and Y and changing the basic form of the above
mentioned rule, 2% Tﬁe profits from following these éradinq
rules should then be compared to the profits from buying and
holding the cﬁrrency. The latter does not refer to buying and
holding the hoee currency but io buying the foreign currency in
the beginning of the period and then selling it at the end of
the period to get back into the domestic currency. 26

In applying these rules, the following assumptions are
made, (a) The trader does not engage in short selling and all
transactions take place in the spot market. (b) The investor has
already made decisions with regard to the allocation of wealth
among domestic securities and has available with him sonme cash
balances, The filter rules only act as a gquide in the allocation
of these cash balances among different kinds of money. (c) No
interest is earned on any of the fun&s. In othér words, there is

no investment income, so that the reported

Fd

2S0ne such modification is the moving average rule. Under this
rule, a moving average of a specified leagth is calculated and
foreign currency purchased when the exchange rate moves X% above
the moving average; when it falls YX below the moving average,
the investor moves back into the domestic currency.

26For a detailed!rationéle on this, see Logue and Sweeney
{1977)
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TABLE 4,12
7lpplication of Pilter Rules on Indian Data
(159 Weeks)

Before transaction costs

FILTER AVERAGE AVERAGE AVERAGE
SIZE TRANSACTIONS PROFPIT PER PROPIT PER
PER YEAR TRANSACTION (%) YEAR(Y%)
4% .78 : -3.18 -2.36
3% 2.39  =2.26 -5.32
2% 6.99 -1.21 . =8.15
1.5% 7.98 -0.39 -3.07
1% 13.25 . =0.,025 -0.34
5% 16,21 .73 12,44
Buy and hold ; | -2,016
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TABLE 4,13
Application of Pilter Rules on Indian Data
{219 Months)

Before transaction costs

PILTER AVERAGE AVERAGE AVERAGE
SIZE TRANSACTIONS  PROFIT P PROPIT PER
PER YEAR Tnausncrgizcx) YEAR (%)

8% 0.51 -4,95 -2.54

6% 0.89 -2.88 -2.56

5% 1,22 -1.65 -2.01

4% 1.49 -0.56 -0.84
3% 1.93 » 0.14 0.27

2% 3 18 95 3. 00

1% 3.96 2.23 | 9.13

.5% 4,40 ~ 2.58 11.86
.25% 5.05 - 2.81 » 15, 04

Buy and Hold | o o 3.54 f‘
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Table 8,14
Application of FPilter Rules on South Korean Data

{159 Weeks)

Before transaction costs

PILTER AVERAGE AVERAGE AVERAGE
SIZE TRANSACTIONS  PROFIT PER PROFIT PER
PER YEAR TRABSACTION(S)  YEAR(%)
4% 0. 41 -3,28 -1.36
3% 1.07 -2.05 -2.20
2% 1.73 -0.93 -1.61
1,5% 3.04 -0.35 . -1.05
1% 5,35 -0.007 -0.04
.75% 7,65 0.135 .96
.5% 8. 64 .52 | 4.58
.25% ‘9,63 .95 9,50
Buy and hold - | -0.637
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TABLE 4.15
Application of Pilter Rules on South Korean Data
. (219 Months)

P —————————— e g e b e T T R ol ekl e - e - -

Before transaction costs

re Y Y T Yy Yo R Y S 2 T T T L X 2 L L I X X J

PILTER AVERAGE AVERAGE AVERAGE
SIZE TRANSACTIONS PROPIT PER PROFIT PER
PER YEAR TRANSACTION (X) YBAR (%)
8% 0.29 - -5, 14 -1.51
6% 0. 56 -2.58 -1,46
5% 0.89 -2,21 -1.97
ax .27 -0.94 -1.20
3% 1.55 ~ 0.08 .0.12
2% 2. 15 1.07 2.31
1% 3. 85 1.92 7.61
.5% 4,40 2,49 11.40
.25% 4.73 2,77 13.78
Buy and Hold 7 ' 7.71
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TABLE 4., 16
Application of Filter Rules on Taiwanese Data

> (159 Weeks)

FILTER AVERAGE ~ AVEBAGE AVERAGE
SIZE TRANSACTIONS PROFPIT PRER PROFIT PER
PER YEAR TRANSACTION(X) YEAR(%)
4% 0.41 -3.84 -1.44
3% 1.73 -2,05 -3,51
2% 3.70 -0.85 =311
1,5% 6.33 -0.44 -2,78
1% 11.60 -0.002 -0.019
.75% 13,24 .32 4, 29
.5% 17.86 .53 — 3.93
.25% 20,82 .87 13. 74
Buy and Hold -3, 104
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TABLE 4.17
Application of Filter Rules on Taivanese Data

{219 Months)

Before transaction costs

PILTER AVERAGE AYERAGE AVYERAGE

SIZE TRANSACTIONS PROFIT PER PROFIT PER
PER YEBAR TRANSACTIORN (%) YEAR (%)
8% 12 4. 94 -0.62
6% 0.45 -3.71 - -1.70
5% 0.62 -2,37 -1.48
4% 1.00 . -1.51 -1.51
3% 1.55 -0.69 _ -1.06
2% 2.10 | 0.51 | 1.06
1% 3.68 1,20 ’ ' 4,48
5% 4,84 1.62 8.10
»25% 5.27 1,34 10.66
Buy and Hold QOT;¢’
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profits accrue only froa following the tradinq stategy and
holding money. (d) There Are no transactions costs.

There is a serious limitation in the filter rule
strateqies, The application of these rules éo stock markets have:
involved S%ifts between money and securities, that is, between
tvo assets oniy, vhereas the portfolio theory makes a strong
case for a fully diversified portfolio‘consistinq noi only of
lonéy and securities but of different types of currencies, bonds
etc. However, this limitation is qenerally accepted for thelégie
of simplicity and also because it is impossible to prove that no
profits can be made under any rule.

In order to reduce the number of trading s;a:teqies, buy
and sell filters (X% and Y% above) were assumed to be equal in
all cases. These buy and sell limits vary between .25% and 4%
for the veekly series and between .25% and 8% for the monthly
series, The results'fron application of these rules are given in
Tables 4,12 through 4,17, 27

The results show that in the case of weekly series the
filters above 1% invariably yvield negative rates of return for .
all three currencies, but for filters between .25% and .75%,
positiygvannual rates of returan vere realised,v501g in exdess of
10%, Por the lonthly‘series, filters below 1% generally
outperforased the buy and hold strateqy. However, two points

- - A 4 Sh W e AP e W

27Por a description of technical details relating to filter
rules, see the technical appendix to chapter five.
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should be borne in mind vwhen interpreting some of the seemingly -
high rates of return. First, thesé rates of return iive not been
adjusted for transaction;costs. These costs could be
particularly high in this type of market where the information
on participants and prices is iaperfect, aﬁd the market is
relatively thin, Sec?nd, for our purposes, the relevant criteria
ought to be the average profit per fransaction.'Positive profits
can'be realised only vhen the transaction cosis ié less than the
average profit per tramnsaction,

" 'Though, it was not possible to get a reliable estimate of
the transaction costs, some indication of these costs can be
obtained by looking at the buy and sell differential repoftéd in
Table 4,18 for a typical day. 2% The buy and sell differential
as a percentage of selling price varies between 3% to 8.33%.
Bven if 3% is taken to‘be the average representative figqure of
transactions costs in these markets, all the profits from the
application of filter rules disappear.

As pdinted out earlier, the profits reported inycolunn 4
are thoSe resulting from following a trading strateqgy alone'and
do not include income from interest earnings. If an intefest

differential exists in favour of the home country, then the

28This information has been provided by Deak and Co., Hongkongqg,
The weekly black market exchange rate data published in the PFar

Easterd BEconomig-RBeviev name this agency as the source.

122



TABLE 4. 18

The Buy/Sell Rates for Rupee, Won and Dollar on March 3, 1980

PRICE IN HONGKONG BOYING SELLING  TRANSACTIOHS
DOLLARS (For 100) " PRICE  PRICE COSTS
Indian rupee 55,00 57.00 '3.51%
South Korean won 0. 62 0.72 8.33%
Taivanese dollar 13.00 13,40 2.99%

Source: Deak and Co,, Hong Kong
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.filter profits (unadjusted for the interest rate differential)
vould tend to be biased upwards. 2® The converse would hold if
interest rates abroad are higher than at home.

In a developing country, besides thé restrictions on the
foreign sector, controls also exist on the financial sector of
the éconony in the form of interest rate ceilings on deposits,
Thus, there emerges a black market for loanable funds in
addition to a black market in foreign currencies., The interest
rates in these markets are generally higher than those in the
controllied market, If these high interest rates are used to
adjust the profits from the various trading strategies, the
corrected profits would be even lover. Thus, any claim that
correlates high (unadjusted) profits with market inefficiency
s3ust be viewed vwith scepticisem.

Pinally, all users of filter rule strategies must realise

that filter rules are constructed ex post , vhereas the real

29The implicit assumption is that the wmoney is held for half the

period under consideration in the home currency and for the
other half in the foreign currency. Thus, the individual using
the filter strateqy to exploit the profitable swings earns
smaller interest earnings as coapared with those earned by not
following the filter strategy.

An indication of interest rate differentials between the
U.S. and the other countries for the period covered by this
study can be obtained by examining the short term interest
rates, For instance, in the U.S,, the short tera interest rate
during 1358-1373 tas risen from 2.5% to 10,4%. Por South Korea
and India, it rose from 6.6% to 15%, and from 4% to 8.5%
respectively, Por Taivan, it fell from 14%,4% to 12.5%. {Source:

Interpational Pimancial Statistics).
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test of market efficiency ought to be based on ex apte rules.

Poole (1967, p. E77) pointed out that, "It is obvious that for

any particular series ...., one could always construct, ex post,

some mechanmical trading rule vhich would have provided excellent
' returns. A-fest of a mechanical trading rule requires that the

rule be selected first and the series later."

copglusiops

In this chapter, lode%s of the weak fora version of the
efficient market hypothesis with referehce to the exchange rates
vere discussed. One such model was used to test vhethef the
foreign exchange trading in the black market for India, South
Korea and Taivan is‘efficient or not.

Black nark;ts are characterised by bigqh transaction costs
and imperfect inforsation reqarding prices and participants.,
Purther, these markets are oftenr thin and segmented. A1l these
factors are potential impediaments to an efficient adjustment of
exchange rates to any nev information, The purpose of this
chapter was to see whether these ilpedileﬂts are strong enough
to cause market inefficiency. . - Py

The tests of market efficiency consisted of statistical
significance of adtoco:reiatibn coefficients of rates of return
oh currency positions, runs analysis and Alexanderian filter

rules, Only the filter rules provided some evidence of market
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inefficiencf vhen the filters chosen were less than 1 percent.
But, when account is taken of the transactions costs, it becomes
difficnlt to reject the hypothesis that black markets in foreign
currencies for fpdia, South Korea and Taiwan are efficient

atleast in the weak form sense.
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V. Concluding Comments

Black markets in foreign currencies usually emerge whenever
restrictions are imposed on the foreign sector of the econonmy.
'In this thesis, I studied the nature of these markets.
Specifically, the thesis examined the determinants of the black
market exchange rate for India and the efficiency of the black
nafkets in foreign exchange forvIndia, Taiwan and South Korea,

I showed in chapter one that the determinants of black
markets in foreign currencies are of great interest to the
central -bank of a country, for the black market exchange rate
afiects the resérverflovs. A differential between the official
andrthe black market exchanqé rate tends to create an incentive .
for traders to under- and over-invoice exports and imports, thus
diverting foreign exchanéé transactions to the black narket.
Second, a premium on foreign currencies also diverts the flow of
resittances by residents abroad to this market. Third, the
practice of ﬁnder- and over-invoicing distorts the coamposition

of the official trade figures, thereby affecting the aid Fflows
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and hence the stock of reserves.

The'survey of empirical estimates in chapter two indicated
that the under-invoicing of exports and inports has formed a
siqnificant proportion of the official exports and imports
respectively. This in-tnrn reflects the fact that the
fariff/subsidy structure in India has been such that incentive
is created to under-invoice exports and iipor;s in the presence
of controls on the foreigm exchange larket.nige severity of the
restrictions on foreign trade was further evidénced'hy the fact
that smuggling as a proportion of official imports was as hiqh
as 10%, at tiieé even higher, This also points to the large
losses ih government revenue which could have been used to
provide public goods.,

In the light of numerous shortcomings of the existing
models, I atteapted to rebuild the model for the deterlinaﬁts'éf
the exchange rate in the black market in chapter three. The
zodel vas sSo oriented as to-incorporate the featufeé-peculiat to
the Indian econdly. In develoéinq tﬁe'lodel, sore of the -
important dssuiptjons assbciatedrwith the monetary approach to -
the exchange rate determination vere feforlnlated.fThe black
market exchange rate waS'deternined by the conditions of stock
- eguilibriun rather than by the current flow delands and suppl;es
of foreign exchange. Further, the relatlonshlp of the black
market éxchange rate with smuggling was explicitly taken into

account. The reduced form expression obtained showed that the
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éﬁincipal determinants of the exc@angé fate in the>black market
for India are, the officiél eichanqe raté, the noninal~qnantity’
~of money, the real level of inconme, the,ihterest'rate{‘the world
‘priCes of gqold and silver.and the world price level. The
paraseters of this model vere estin§£ed $7 usinq ordinary least
squares. The results shoved that changes in thé.GOlestic mROney
stock, the intere§t rate, the world price of gold aﬁﬁ @hé
domestic real incone hafé a‘statiéticaily significant effect on
the black market éxchangé-rate.'

In a country where the official exchange rate is
ovef—valugﬂ bufréééged and the forgign exchange isra¥Located by
the authorities, the official fdreign exchﬁnqe reserves
fluctnate indirectly as a result of monetary disegqguilibrium at
home, As tﬁe;ététistiéal results presented in chapter three
findicate, an increase in the doneStic money stock results in a
debreciation of the black market exchénqe rate. This increases
._the discrepaucy between the official and the black market |
.exchanqe rate, thereby increasing the incentive toﬂunder-invoidé
exports and lowvering the incentive to oier-inVOiCe‘exports.v
Purther, rising domestic pfices cause exporters-t6 divert
exports to the donestic market. Thus, one arrives at the
familiar result that under fixed exchﬁnqe rates an expansion of
the domestic credit component resnlts in a losé,of foreign |
exchange reserves (Johnson, (1973)). Tﬁerefore. a restraint(on

the domestic credit creation is one of the iaportant options
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‘available to the central bank for p:efénting resetve‘lqsées when
'theré'éxists a black market fqrAfo:eiqﬁ éufrencies.

TheﬁfeSults further squeét that the price of gold in the
worid‘nafket qreétly influences the pfide’of bnélu,s; ﬂoiiaérip?'
the black market. The rising iorld'pfiée of gold fhrougpr"
incrgaséd ionéy demand tehds_to lower (aﬁptéciate)‘the black
iarket_exchaﬁqé rate. Hence, if legal import of gold is allowed
freely, the resqlting loss of'fpreign éxchange may not be ‘
considered ﬁdesir@ble";.gspecially'uhen this foreign e;ghan§e is,
requited:fbf'dther higher valued‘alterﬁatives (prinarily;7for.
aevelopnent). But, it is well known that sluqqlinq is not.aiiays
welfare naxilisinq‘* and snquling’of,dold coubled with exchange
controls contributes to the emergence Qf a‘black la:ket, which
: indire&tly affects reserves in the way ﬂiscusséd,earlie: in the
firsﬁ cﬁapter. To alllthis shduld then be a&ded\the cost of
enforcement. ThereE;re. the !optilﬁ-""pdlicyrappea:é‘to be to
balance the loss of teSet?ésidne to-legaliy peraitted imports of
gold against the increased‘fibn of're;erveS'iﬁich vould result
from the reduced size of the black market (and a lover premium
Qn the foreigp currencies in this market).

Further, as the empirical results in chaptgr three were
qenerally.snpportive of the model, it shows the richneés of the
monetary approach to the exchange rate déterlination.,iith

1 For a detailed velfare analysis of“snuéglinq, see Bhagwati and
Hansen {1373) and Johnson (1974),
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refozlulatiéa of”éo:é of the main assunptiods. iqterestinq
results vere obtainéd for the black market exchdﬁqe rate,

- Jeak form tests of iarket.efficiency were performed on the
black market exchange :ate seriés féi India, South Korea and
Taivin in'chapter four, I‘capried out thése tests on both the
'véekly.and'the'lonthly exchange rate series. The test$ consisted’
of the statistical s;gnificégce~of auto-éotzélati _functions of
rates of return, non-paf&nétric tests like the rn::\;halysis and
'klexaaQérian filter tnies.,?o-e efideﬁce of market inefficiency
wvas found in the dse of filters less thiﬁ 1%, Bouever.Awﬁen
'acconnt'is taken of the tranSaétiqns cbsts these profiis are no.
greater than those fohnd for a buy and hold ét:ateqy. Thus, the
dverall results suggested that it is difficult to rejectlthe
hypothesis that black lafkets in foreign currencies for Indiﬁ.
South Korea and Taiwvan are efficient atleast in the weak forn
sense. |

An interesting but somevhat paradoxical inﬁlication of this
study is that imposition of controls by the governmsent on
tradiﬁq‘in'EOreign exchénge creates incentive for the traders to -
develop a kind of "free-trade zone" in the form of a black
nafket. And this "trading zone" is ‘efficient' as far as the

allocation of black foreign exchange to the various users is -

concerned.,
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Appendix 3

—_
.
A .

Eb = Price of one U0.S. dollar in rupees in the black market,
guarterly average of the monthly data. Source:Pick's

Currency Yearbook (1375-76).

Eo = Price of one 0.S. dollar in rupees in the official wmarket,
quarterly average of the monthly data. Source:INF,
International Financial Statistics., ,

B = Stock of A! in India, quarterly average of the monthly data,
" seasonally adjusted. Source:IMF, International Financial
Statistics, : :

Interest rate in India. Proxied by the guarterly average of
aonthly call money rate, Source:INF, International Pinancial
Statistics.

[ ol
]

Pg' = Price of gold in the world market. Approximated by
guarterly average of monthly prices in the London gold
market, Source: Bank of England Quarterly Bulletin.

Ps' = Price of silver in the world market. Quarterly average of
the monthly prices in New York, where the monthly price has
been approximated by taking the average of prices in the
middle of the month and the price at the end of month.
Source (for daily prices):Wall Street Journal.

Pv = Price level in the rest of the world, proxied by the 0.S.
implicit price deflator. Obtained by dividing nominal GNP by
real GNP (13972 $), and then multiplying by 100. Source:
survey of Current Business, January 1376 and July 1977,
Table 1.2. '

Ip = Real income in India, approximated by the quarterly average
of monthly index of industrial production, seasonally
adjusted. Source:INF, International Financial Statistics and
Monthly Abstract of Statistics, Central Statistical

"Organisation, Government of India. ; :

-
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Appe;iix to Chapter &

In this appendix, I discuss soué technical details, I
rteport runs of different lengths of ¢+, -, and 0 price changes
for both the veekly and the nohthly black laiket exchange rate
series for India, Taiwvan aﬁd South Korea. Runs of different
lengths are reported in Tables 4A.1 through 4A.6. In addition, I
- discuss hov the average profit per year for the various fiiters

has been computed.

Filter Rules

Average Profit Per Transactior-(in %), Bégggg_SPnlission

It is estinated as fdllovs: 2 for each move, as defined by
a specified filter, lgt the variable, M, denote the difference
between the logarithas of the upper and lover endpoints of move,
let R be the aveféqe logarithaic profit defined as R = N - 2F,
vhere F is log(14f) and f is the filter expressed as .10 for a
10% filter, The quantity 2F refers to_the portion of the move
that is used up in getting im and out., On an upmove of average
»sizé M, the percentage profit would be Pu = 100 (antilog R - 1);

on a downmove, Pd = 100Pu/{100+Pu).
2This section relies on Alexander (1961) Table 7.
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The averaqe profit reported in Tables 4,12 throuqh 4,17 is
then estimated as, '

1/2 1/2
P = (100+#Pu) (100+P43) -~ 100

Averaqé Number of Transactioas Per Year

A transaction is defined as a purchase and sale, thu;
requiring tvo coamissions, Por each éxchange rate series, there
is one terainal trénsaction. feruinate; not by a filter signal
but by the peri&d limit. The corregponding gerlinal move is
counted as half a move in the computation of N, and the number

of transactions per year.

Avefﬁqe Profit Per Year {in %), Before Coaszission

It is estimated as follows:
o
100 1+ (P/IOO)] - 100,

vhere g 15 the average number of transactions per year.

s _
Histoqrams

Histograss of the standardised exchange rate series are

‘shovn in fiqures 44,1 to 4iA,6,
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TABLE 4A.1

Runs Analysis of Weekly Series for India

_RON LENGTH OBSERVED

IN VEEKS - + 0
1 23 23 21
2 8 11 6
3 4 0 2
4 0 i 3
5 0 0 0
6 0 0 0
7 0 0 1
TOTAL 35 35 33
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TABLE 4A,2

Runs Anralysis of Monthly Series for India

RO¥ LENGTH OBSERVED

IN MONTHS - + 0
1 | 25 23 5
2 16 1 2
3 4 6 0
4 2 6 0
5 3 2 0
6 0 1 0
7 0 2 0
TOTAL 50 51 7
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TABLE 4A.3

Runs Analysis of Weekly Series for South Korea

BUN LENGTH OBSERVED

IN VEEKS - + 0
1 29 25 20
2 3 1 6 '
3 0 1 7
4 0 3
5 0 0 1
6 0 0 0
7 0 0 1
8 v 0 0 2
TOTAL 32 27 40

137



TABLE &A.4

Runs Analysis of Monthly Series for South Korea

RUN LENGTH B OBSERVED

IN MONTHS . + 0
1 22 19 11
2 8 6 2
3 8 8 2
4 1 7 1
5 1 1 0
6 0 0 0
7 1 0 0
B 0 1 0
9 o“ 1 0
10 1 0 0
TOTAL 42 43 16
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TABLE #1,.5

Runs Analysis of Veekly Series for Taiwan

RUN LENGTH OBSERYED

I¥ WEEKS - + 0
1 29 - 28 16
2 3 8 2
3 5 3 1
4 1 1 0
5 0 1 0
6 0 J 0 0
7 0 0 0
TOTAL 4% 42 13
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TABLE #4A.6

Runs Analysis of Monthly Series for Taiwan

BT B o D S oD D . . X ¥ 3 ¥ ¥ ¥ N ¥ ¥ ¥ ¥ ¥ ¥ 3 J - - e e .

RUN LENGTH " OBSERVED

IN HOHTHS - ’ + 0
1 | 30 21 4
2 T 24 0
3 B 3 1
4 2 6 0
5 1 1 0
6 1 0 0
7 1 0 0
TOTAL 57 55 5
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TABLE 4,12

Application of Filter Rules on Indian data (Veekly)

Before transaction costs

FILTER AVERAGE AVERAGE AVERAGE
SIZE TRANSACTIONS PROPIT PER  PROPIT PER
PER YEAR TRANSACTION (%) YEAR(%)
4% .74 -3.18 -2.36
3% 2.39 -2.26 -5.32
2% 6.93 -1, 21 ~8.15
1.5% 7.98 -0.39 -3.07
1% 13.25 -0, 025 -0.34
.5% 16.21 .73 12,044

Buy and hold : -2.016
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TABLE .13

Application of Filter Rules on Indian data (Monthly)

Before transaction costs

FILTER -  AVERAGE AVERAGE AVERAGE
SIZE -~ TRANSACTIONS DPROFIT PER  PROFIT PER ‘o
) PER YEAR TRANSACTION (%) YEAR(%) |

8% 0.51 -%.95 -2.54

6% 0.89 -2.88 -2.56

5% . 1,22 -1.65 -2.01

"t S . -0.56 -0.88

3% 1.93 © 0418 0,27

2% . 3.1 95 3,00
TR 3.96 ’ 2.23 9,13

.5% - a0 . 2.58 11.86
.25% . 5,05 . 281 15,04

Buy and -Hold | 3.54
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Table &.14

Application of Filter Rules on South Koreaﬁ data (Weekly)

PILTER AVERAGE ~ AVERAGE AVEBAGE
SIZE TRANSACTIONS PROFPIT PER PROPIT PER
PER YEAR rnnnsaérxou(z) ~ YEAR(%)

4% . 0.u1 . =3.28 T -1.36
3% 1,07 © -2.05 -2.20
2% 1,73 =0.93 =161
ENTS 3,08 -0.35 -1.05
1% 5.35 ’ -0.007 -0.04
.75% . 7.65 0.135 .96
5% 8. 64 .52 4,58
.25% 9,63 . .95 " 9.50
Buy and hold f -0.637
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TABLE 4.15

.

'Application of Filter BRules to South Korean Data (Monthly)

N S S D D D AU D D WD SR D D D D D G D D D D EP WD W D e G e G D b D G AR AP P Gl GD Wb YD a e

Before transaction costs

PILTER _Avsansx‘ AVERAGE AVERAGE
SIZE TRANSACTIONS  PROFIT PER PROFIT ésn
PER YEAR TRANSACTION (%) YEAR (%)
8% 0.29 - -5, 14 _ -1.51
6% 0. 56 : -2.58 -1.46
5% 0.89 -2,21 -1.97
4% 1.27 - -0.94 -1.20
3% 1.55 0.08 | 0.12
2% - 2,15 1.07 2,31
1% 3.85 1.92 , 7.61
.5% 4.80 2449 | 11,40

» 25% 4,73 2,77 13.78

_Buy and Hdld 7.71
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TABLE 4.16

Application of Filter Rules to Taiwanese Data (Weekly)

Before transaction costs
PILTER AVERAGE AVERAGE - AVERAGE
SIZE TRANSACTIONS  PROFIT PER PROFIT PER
PER YEAR TRANSACTION(X)  YEAR(%)
4% . 0.61 -3.44 - -1.44
3% 1.73 -2.05 -3,51
2’ 3.70 -0085 -3.1'
‘.S’ 6.33 ’ -00"‘“ -2.78
. 75% 13. 24 32 v 4,29
.5% 17.86 .53 '9,93
«25% 20,82 : «87 19.74
Buy and Hold ' -3.,104 -
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TABLE 4. 17

Application of Filter Rules on Taiwanese Daf; (Honthly)

- D . S S D P D P D D P GRS D P D A SR S T D YD IR D e WP S P WD e WD W ED A AP 4N D ED 4B NP D Gb W W e

Before transaction costs

FILTER , | AVERAGE , | AVERAGE AVERAGE

SIZE ’ TRANSACTIONS * PROPIT PER PROF®IT PER

PER YEAR TRANSACTION (%) .\YE'lR(’) , |
8% .12 -4.94 © -0.62
6% - 0.45 C-3,T -1.70
5% 0.62 o -2.37 -1.48
4% 1.00 -1, 51 | -1.51
3% 1,55 -0.69 -1.06
2% 2.10 0.51 1.06
1% 3,68 - 1.20  u.u8
.5% 4.84 162 ¢ 8.10
.25% 5.27 1,94 10.66
Buy and Hold | ' -0.048
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