SR i it v B2

EFFECTIVE EXCHANGE RATES AND THE INTER-
NATIONAL MONETARY FUNDS MULTILATERAL
EXCHANGE RATE MODEL: A REVIEW”

PETER B. D!XO;\?V

§

2

[ndustrivs Assistanice Cammission and Monash University

. INTRODUCTION

{ the Bretton Woods System, almost all trading nations have
rate regimes. But few have been willing simply to allow ! .
licy makers have peen increasingly con-

Since the breakdown ©
sdopted more {lexible exchange
market forces 10 determine their rate. Hence po
cerned with effective exchange rate calculations. These calculations are supposed to con-
on the impact of the exchange rate changes of partner countries on the
{ the home country and they play an important role in the formu-

tain information
competitive position 0
lation of counter exchange rate poiicy.‘ ‘

“Geetion 11 of this paper reviews the economic logic of the usual effective exchange rate
jusion is that ideally effective exchange rate calculations should
nee to a multicountry, multicommodity model of international
trade. This leads us into the main part of the paper, our review of the {nternational
-M(oneiaxy Fund's (IMF) multilateral exchange rate model (MERM).

The review of MERM is i Sections 11t and IV, Section 11 explains how MERM is used
stions and sets out Us structural equations. Some areas
he theoretical basis for ihe
and the procedures

" computations. Our conc
be carried out with refere

for effective exchange rate caleul
for possible improvement witl be apparent even before t
equations is investigated. Section 1V discusses the underlying theory
used by the Fund st to obtain parametet estimates.

icularly Section IV) and it might
be helpful for the reader to decide reading strategy. Those who are
interested merely in the effective eachange rate concept may be content with Section 11
slone. Those readers who would like an overview of MERM and its major shortcomings
should concentrate wn Table {, and the last few paragraphs of Section 111, Readers with
more time can {ind the dewils of MERM’s producuon and utility function specifications

in Section V. Major conclusions are listed in Section V.

heical in some parts (part

The paper is unuvoidably tec
! 4t the vutset on 2

having to refer cited

ligible without the reader
d exposition of the

It is hoped that the paper is intel
documents. In fact, a major aim of the review s to provide d unifie

effective exchange rate concept and the Fund model.

il vor s detailed and constructive criticism of an earlier draft. Also,
lished work done jointly with Subhash Thakur.

* | am heavily indebted to Ahin Powe
arily retlect the position of the

some of the ideas in Section 1t were Jdrawn from unpub
HGchgr, the views expressed here ure mine alone and do not necess
_Industries Assistance Commission vr any vther organization of person.
ixed effective exchange rate policy {see Section 1)
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11, EFFECTIVE EXCHANGE RATE CHANGES

Most effective exchange rate computations employ the formula

=4 T 5 T = 21
e =Ty ,-_;Z_kwkiTJ' z';k“m 1, (2.1}
i’ }

where ¢ is the cﬁ;t:clive exchange rate change for country k over 2 specified period, say
the previous year, 75 is the percentage change? over the period in the value of the currency
of the country j in terms of some numeraire currency (for example, SDR), ie., the T]-’s
are the percentage changes in the numbers of yen, won, rupees, €fc., per SDR. and the w;{j’s
are a set of weights. If ¢ is positive, then country k is said to have “effectively devalued”,
if it is negative then it has “effectively revalued”. If country k is following a fixed effective
rate policy, then it continuously changes T so that eg = 0. For example, if the Japanese
4

weight in the Australian formula is .3, then the Australian authorities will meet a 10 per
cent devaluation of the yen by a 3 per Cent devaluation of the Australian dollar.

Frequently used schemes for determining the weights wy; involve trade shares.® A
popular choice is

Ek- + ;ij ”
vy - g (2.2)
i kj ki

St
JF

where Ly, My are the values in terms of the currency of country k of kK's exports to'and
imports from country j over 4 particular period, ysually the most recent year for which
trade data are available.

Although weighting schemes such as (2.2) have some intuitive appeal, it is easy to think
of situations in which they would be misleading. For example, imagine that in the base
year Australia conducts all of its trade with Japan, exporting wool and importing cars,
and that Argentina also exports wool and imports cars but thatits trade is predominantly
with the U.S.A.. When Japan revalues by 10 per cent and the U.S.A. devalues by 10 per
cent, weighting scheme (2.2) used in formula (2.1) implies that Australia has effectively
devalued by 10 per cent and that Argentina has effectively revalued by 10 per cent. In
reality, the exchange rate changes of the U.8.A. and Japan may have very tittle differential
impact on Australia and Argentina. Of importance o voth countries is what happens to
world wool and car prices. If a U.S. devaluation depresses world wool prices, not only will
there be an impact in Argentina, but also in Australia. Similarly, Japanese exchange rate
policy can have an impact on Argentina, even in the absence of any direct Japanese-
Argentinian trade. Trade shares, by concentrating attention ot bilateral relationships, are
o0 narrow a basis for effective exchange rate calculations.

in order to develop a satisfactory alternative to (2.1) — (2.2), we musl first have s
rigorous definition of an effective exchange rate change. We suggest the following:

For any particular period, the effective devaluation (revaluation) by country k
with respect Lo an economic variable Zp, is the revaluation (devaluation) which
country k would need to undertake in order to neutralize the effect on E; of the
exchange rate changes occurring in the world in that period.

! The superscript * denotes percentage change. Hence, 75 is the exchange rate for country j.
3 See Hirsch and Higgins {71,
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There are two aspects of this definition which require some explanation. First, there is
the economic variable Z;. We have in mind varicus measures of foreign trade balance—
the balance of payments. the bhalance of trade, the balance on current account, ere. How-
ever, in principle, effective exchange rates could be defined with respect Lo any economic
variable which is closely related to exchange rate changes. The only limitation is that

country &'s exchange rate policy should have sufficient influence on Zp so that it is

possible for &5 exchange rate adjustments to compensaie for the effects on Z;. of external
[N

hanges,

exchange rate ¢

The second part of the definition which requires elaboration is the phrase “in order to
neutralize the effect on E‘{.}’. It would be desirable for effective exchange rate calculations
to include somie indication of timing. For example, by “neutralize” we might understand
that the effective exchange rate adjustment is such that if it were undertaken at time 1,
then the balance of trade over the next n months would be at the level it would have
reached in the absence of the exchange rate changes of the last m months, ie., during the
period between r—m and t. In practice, the estimation of the lags involved in exchange
rate effects is notoriously difficult, and the problem will be ignored in the remainder of
this paper.

For our definition of an effective exchange rate change to become operational, we
require a model which can be reduced to form?®

— — B x -
&zk=é\,:_k(ll,§2,..., Ty, (2.3}

where AZ) is the change® (or perhaps percentage change) in I, attributable to the direct
and indirect effects of exchange rate changes. Then £'s effective exchange rate change with
respeet to . can be found by solving for ¢y, in the equation
€
ELE x -4 .

(): "7\-(11,12,.H,1k~8k,...Tj). {24)
(2.4) means that if country % has devalued by 10 per cent over the relevant period {ie,
# . . rea N o
I = 10), but a 12 per cent devaluation would have been required to sterilize the effects

o p b E x, 5o :
on = of the exchange rate changes Tyeo s Ty, (TS IJ ol other countries,
then & has effectively revalued by 2 per cent (i.e., ep = —2) relative to Zp.

jost

tdeally, the structural model from which (2.3) is obtainad is a multicountry, multi-
product one; multicountry and multiproduct because the influence of /s exchange rate
on relevant variables in country & may be transmitted indirectly viz its impact on third
countries and also vig its impuct on “world” commodity prices. It is clear, however, that
the construction of a suitable multicountry, multicommodity model is a formidable task,
It can only be achieved by an institution with specialized interests in exchange rate
policy and extensive experience with international data sources, Hence, the model build-

* For example, alterations of &' exchange rate may not influence the ratio My;iMy,, Hence it would be
meaningless 1o define an effective exchange rate with respect to Iy o= MMy,

* Bconomic models generally identify more variables than equations, and the form of (2.3) will depend on
which subset of variables is ussumed to be exogenous (ie., determined independently of exchange rate
changes). In Section H we will see that a complete report on effective exchange rate caleulations from
any particular model must include a listing of the exogenous variables and their assumed values.

It may seem more natural to have the percentage change in X, on the left side of (2.3). But if I is ks
balance of trade, then the base period value might be zero, and percentage changes wiil be meaningless,

3
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ing efforts of the International Monetary Fund. which is perhaps unique in its endow-
ment of the appropriate resources. warran! parlicular attention. In its latest Annual
Report,” the IMF computes effective exchange rate changes with re spect Lo the halance
of trade (i e, Zp is the balance of trade) for the ma jor industria ! countries. These cal-
culations were nmde using reduced form equations, of the form (2.3), from the Fund’s

Smulticountry, mult ticommodity model, MERM. In the next two sections we will review
MERM with the idea of (a) explaining its structure and estimation, and (b} comparing
the implied MERM weighting schemes for efTective exchange rate calculations with the
standard trade share schemes.

HEL THE MERM : 1TS STRUCTURE AND ITS APPLICATION TO
EFFECTIVE EXCHANGE RATE ANA LYSIS

The stages in MERM’s evolution are documented in severgl articles in the Fund's
journal, Slajf/’z;;)cw ® the latest and most complete being . R. Artus and R, R. Rhomberg's
contribution to the November, 1973 issue. This review is based on Artus and Rhomberg’s
puper and for convenience we will refer to_the collective Fund authorship of MERM by
their initials (A & R).

It should be noted that MERM is continuously being modified. Publication lags mean
that published reviews will be based on the model as it existed some time ago. However,
recent information {August, 1975) indicates that the structure of the currently operational
MERM is unchanged from the November, 1973, version, except that several coumtries,
including Australia, have been added. K

Table 1 is designed to give the reader quick access to MERM’s structural equations. It
might be useful to emphasize that the model is cast in percentage changes. Thus all para-
meters are “elasticities” or “shares”. The table is to a large extent self-explanatory, and
here we will make only a brief exposition.

u

A & R distinguish between five goods, ie., #=5. Two of these goods are classified as
“intermediate goods”, i.e., G=2. The remaining three are ““final goods”.” In the November
1973 version there were 15 countries included in the model, ie, /=15, and the suoxr‘rvpt
(i7) is used to denote the ith good produced in the jth country, or sim )ly he {(ij)th
product. For each product, there are demand equations [see equations (T1.1),(T1.2)], a
supply equation (T1.3}, and an equilibrium condition (T1 4).

Equation (T1.1) implies that in each country the demand for intermediate products is

related to the level of real national output and the prices of all intermediate products. The
demand for each final product depends on the aggregate level of ““consumer™'?® expenditure

7 IMF 10].

¥ See /\rminwn,ﬂ {1, 2], Riwmberg |14}, and Artus and Rhor mberg [3], Goodman er al [S] preseni o
modad similar o M! RA

The intermediate goods are crude materials (SITC 2 & ) and mineral fuels (SITC 33 Manufacturers
(SITC 5-.9). food. beversges and tobacco {SITC U~ 1) and “non-traded” (vooc iy are the three final
goods. For notationsl convemence, we have not separaied the non-traded f:,o-x from the four tmuca
goods. For example, putting ¢ = Jn (T1.2) of Table | shows the rate ol change of the demand (e, x” i

by country & for the non-traded good pruuuau. m country ;. To entorce the prior \'}LL[“LJUU'Y that /i1

1o ‘o st A P
non-traded we su the refevant parameters “/i;' T H/; oy Tymy tejy Tuk) Hiy i,,/, CH; for & # 53
1o zero.
We will use the wmd “eonsumer” to cover all users of final goods.
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and the prices of final products. The supply equations (T1.3) are quite general. A & R
recognize that price changes (at least initially) can alter the relative profitability of indust-
ries, and cause resource shifts and changes in the level of resource utilization. Therefore
they allow for the output of (§) to be influenced by all price changes in country ;. (Ti.4)
are straightforward market clearing equations.’t Equation (T1.5) implies that there is a
“world price”, Pijs for each product. P is in a numeraire currency, say SDR, and Ty is ks
exchange rate—number of units of k' currency per SDR. (T1.6) defines the movements
of the national output indexes,'? and the last equation (T1.7) gives the changes in
aggregate expenditure on final goods in each couniry.

Although quite iarée, the model presents no particular computational difficulties, each
of the equations being linear.'® it is only necessary to check that the number of endo-
genous variables equals the number of independent structural equations. A & R make the
conventional assumption that consumers always plan their purchases so as to satisfy their
budget constraints. Hence, equations (TL7} are redundant—the parameter values in
equations (T.2) are set so that (T1.7) can be deduced from (T1.2). On eliminating (T1.7),
Table lindicates that 2H/% + 247 +J equations remain, with 2HJ% +2HJ +3J variables.

TABLE ]
The International Monetary Fund's Multilateral Exchange Rate Model

Identi- N Subseript e
fier Equation Range Number Description
G 7
{TH1) ;f;=cf} 0p+ £ % i Um) P i=1,..6; G/*  Demand for intermediate
f=lm=} Jok=1..J products,
H J
{T1.2) :sz 651.} + 5 z 1;{‘;,-) () pfm =G+, H; (H-GW' Demand for final producis.
=G+ me=1 jok=1...J
i HoJ .
(T13) %,= 3% % Tify (e y i=1.. . H. HY Supply functions.
P72 ) T umy P R ppty ;

(T1H4) ;i/‘ = £ \:’; l;; =1, . H. H Market clearing equations.

k=1 j=1.0d

. ko H . 2 Relationships between
5 Kup = : ;

(TL5) iy =py + T, ! k:l' o };,' “l numeraire and local

o 7 o currency prices.
(TLé) f}k =X ;{k By k=g, J J Real national output.

=]

N H ;o o .

(TLTy D, = r z (x,—’} +p;;) c}} k=1..,J J Total expenditure on fina}

=Gl =1 goods.

N - vy - - - . . . N =
NOTATION: The MERM variables are all percentage changes, and this is denoted by *. For example, y is
the percentage change in y. The parameters are either elasticities {denoted by Greek letters) or shares
{denoted by Roman capitals). The countries included in the model are numbered 1. .. J and the goods are

V. A The first G goods are intermediate goods and the rest are tinal goods, Good # is also 4 non-traded -

goud (see fuotnote 9). The variables and parameters are defined in the remainder of the table,

"l is worth poining out that the market clearing equations ensure that the sum across countries of the
2 txgdc balances (caleulated in 1 common Currency) is zero. )
{116 cotresponds 1o A & R's equation (19
In A& R’s version, By = (;J;‘}(.r,-k_)/ x pf‘}‘.x,-k‘ However, it is clear that they intended the By to be
defined as in Table | =]
Many variables can be eliminated by substitution before a matrix inversion is necessary.

s s s ]
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TABLE I {(continued) : The International Monetary Fund's Multilateral Exchange Rate Model

Variables
Symbol Subscript Range Number ’ Definition
rﬁ i=1,..H; HI* The demand in country k for good i produced in country
jk=1..J j. i.e., k's demand for (if). ’
X i=1,. . H; HI The supply of {(ij).
j=1...J
0, k=1...J J The real national cutput index in &
§ .
27 fk=1.0d J ¥’s total expenditure on finsl goods.
,)f} i=1...H; H* The price of (if) in &'s currency.
k,j=1...d ;
Py i=1...H; Hi " The world price, in SDR, of (if).
FE )
Ty k=1...J J ks exchange rate, units of X’s currency per SDR.
FParamelers
(Elasticities) .
.
E{i; i=1...H; Hi* The definitions of elasticity parameters are clear from
jok=1.000 the structural equations. G
f}é}-) (fm) fi=1...G G2 For example, 77?{,’} (m) obviously refers to the effect on
kjm=1...J &'s demand for (ij) of changes in the price of {fm},
ko ] s ke W}((i;‘) (fmy 15 K's cross elasticity of demand for
iy gm) f: ! SG? . ~§1 Lo -G product () with respect to changes in the price of (fm).
Kj,m=1 ...
Yy um) fi=1.. H; H I

mj=1...J

TABLE | (concluded) : The International Monetary Fund's Multilazeral Exchange Rate Model

(Share Parameters)

Afj‘ is the proportion of the output of (i) which is used in country k.
By, is the weight of (i) in the real national output index of country k, i.e., 8y is the share of total value
added produced in economy k which is contributed by industry (i),

cb is the share of k’s expenditure on final products which is devoted to product {(if}.

Another share parameter which is used later in the paper is

Sf} . the share of product (i} in &'s expenditure on good i.

The system is closed by setting values for 2/ variables. This could be doneén a variety of
ways, but under a regime of government-administered exchange rates, the Tp, k=1...J
are an obvious choice as exogenous variables. In their November 1973 paper,-A & R chose
the Oy, k =1 ...J as the other exogenous variables. Hence, they solved the model by
expressing each of the price, demand and supply variables as functions (linear in per-
centage changes) of exchange rates and aggregate real outputs.

. Jid - -
In some experiments, the 0y were set at zero and A & R computed the effects on trade
flows and prices of a given set of exchange rate changes, under conditions in which govern-
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L
~J
[

ments do not allow aggregate real output (and presumably employment) to be affected by
international developments. In particular, under the restriction 0r =0, the model can be

i n
solved 1o generate equations of the form®™

= S;”k; ‘71
/ (3.1)
= T, 7 ko= J
TR T
j : }

where My and £ are the values of country &'s imports and exports (in terms of the

A
numeraire currency, SDR) and the wy; and vy are reduced from elasticity parameters.
(3.1) implies that -
100 li‘x[fk = %({lk'f:"»[k - L‘kj!:‘k) f] . k=1...J

where Ay is the change in the SDI:‘: value of the balance of trade of country k arising
from the exchange rate changes, T;. Finally, an effective exchange rate calculation
{relative to the SDR value of the balance of trade) can be made by solving for ey in the
equation k
0= I Gy ~ viEOT; + gty = vpgEi) (B — ey |
g K kj j k k™ k :

giving
i
c = T, - Y o
€} 2 j‘;k “k;lj
whiére
‘ ¢ o l!/\'/‘"”k o I’k]'l‘:k
Ky = T, - *k (32)
= UMyt vl |

{3.2) defines a weighting scheme for a3 MERM caleulation of effective exchange rate

changes. Other MERM weighting schemes are also possible, even where “effective” means )
“effective” relative to the same variable, viz., the SDR value of the balance of trade. For
example, we might use the Dy, & =1 ... [ as exogenous variables rather than the Op.
The model would then be solved by expressing each of the price, demand 3:1{1 supply
variables as functions of exchange rates and aggregate final expenditures. If the Dy were set X
to zero, we could again compute effective exchange rate changes by solving for an ¢z of
the correct size to sterilize the movements in 8 which would otherwise be induced by
movements in exchange rates. These ¢x's would measure the impact of world exchange
rate changes on the home country under the assumption that levels of final expenditure .
{rather than outputs) were controlled independently of exchange rate changes.'®

Itisinteresting to investigate the properties of a MERM weighting scheme such as (3.2).
First, it is not certain that all the MERM weights are positive. We would expect the de-
nominutor of (3.2) to be positive : in the absence of highly perverse elasticities the model

" The model can be solved for ke :i}a and ;3,-[‘5‘ The ék's and M"k’s are then formed by making the
abvious aggregations.

There scems to be no public recognition by the IMF that several MERM weighting schemes are possible.
The Annual Report {10} does not indicate which was used for the caleulations reported there, and we
can onty assume that it was the fixed output version—the case presenied by A& R.
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parameters will be such that a devaluation by country & will increase the SDR value of its
exports (vir > 0) and decrease the SDR value of its imports (), <0). In the usual case,
the numerator will also be positive. A devaluation by country j will decrease &’s exXports
("kj < 0) and increase its imports {“kj > 0). However, Vi could be positive if country &’s
exports are complementary with those of country j, whilst uy; could be negative if world
demand for imports from j is inelastic so that /s devaluation results in sizeable price reduc-
tions for its products.

A second feature of the MERM weights is that they may not sum to one, i.e., '}Ekwki
P s

is not necessarily equal to one. In Table I, it is clear that a 10 per cent devaluation of all
currencies (i.é., Ty, = 10 for all k) implies a 10 per cent decrease in all world prices (p;).
There are no changes in the pg or any of the.real variables. Hence, MERM implies that the
SDR values of imports and exports are homogeneous of degree — 1 in the T,'s. Therefore,

from (3.1) B

Zup = ?Vk;:“l

]
which leads, viz (3.2}, to
]'#Ekwkj =] (:’Uk - Ek);"(Muk,\.Mk + vkk‘Ek}' - (3:3)

On the other hand, if we compute effective exchange rate changes with = being the
$US value of K’s balance of trade rather than the SDR value, the appropriate MERM
weights will satisly £ wi; = 1. Thereader can obtain this result by noting that the MERM

j¥FE "

implies that trade balances evaluated in any of the national currencies are homogeneous
of degree zero in the T3’s where it is worth restating that the Ty’s are exchange rates
expressed against SDR and not a national currency.

The final noteworthy aspect of the MERM weights is that wy,: can be non-zero even
when there is no trade between countries &k and j- MERM allows /s exchange rate changes
to affect k’s balance of trade viz their impact on the world prices for k’s producis. For
example, if /’s exports are similar products to &’s, then a devaluation by j will reduce both
the price and quantity of k's exports.

In view of the differences in the properties of the weighting schemes, it is not surpris-
ing that the results of effective exchange rate calculations using MERM can differ markedly
from those based on the conventional formula {2.2). The IMF Annual Report (IMF
[10] shows that the trade weights imply that the USA has effectively devalued by
5 per cent over the period June 1972 to June 1975, whereas the MERM implies an
effective devaluation of nearly 13 per cent.}®

However, we should not accept the MERM calculations uncritically. The present MERM
structure contains some petentially serious shortcomings.

First, each good is classified exclusively as either an intermediate good or a final good.
This is unrealistic, especially when we are dealing with highly aggregate commodity groups.
Forexample, A & R classify “manufacturers” (SITC 5~-9) as a final good, but it is obvious

OIME 110, p. 291,
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that a significan! proportion of the production and trade of manufactured goods is

toward satisfying the demands for intermediate inputs. Similerly, A & R are

faced with the awkward question as to whether the “non-traded” good (good #) is an

intermediate good or a final good, They choose final good, but services. construction, ete.,
1

directed

are also used as intermediate inputs. The failure of MERM to allow goods of the same type
o be clussified s both intermediate and final has unsatisfactory implications. For
exumiple, according to equations (T1.1) - {T1.2), the MERM structure allows national
oulput, O, in country £ to increase with no direct!” im pact on the demand for manufac-
tured goods (domwestic or imported) or non-traded goods,

A second peeulfarity of the MERM structure is that it does not relate the demands for

intermediate inputs to the product compuosition of national outputs. It is easy to visualize
:

a situation in which this simplification would lead to serious errors. For example, a major
effect of a devaluation by country & would be to change the structure of its national out-
put in favour of export and import competing industries. (This effect is captured vig the
supply equations (T1.3).) The impact of &'s devaluation on country j may depend largely
on whether or not country j is a supplier of inputs to &’s export industries. However,
equation (T1.1) relates &'s demand for inputs from j to the aggregate level of s output
and precludes MERM from reflecting the effects of changed industrial structure on the
demand {or intermediate inputs.

A third problem is that the model recognizes only one type of user of final products.
Equation {T1.2) implies that a § per cent increase in Dy, has the same effect on country
k's demand for final products irrespective of whether it is undertaken by households, the
government or investors. In fact, it appears that A & R assume that demands for final
products are made as though all of Dy is used to satisfy the needs of houscholds.'® Notice
that price changes for intermediate products are excluded from (T1.2). While it may be
true that household consumption decisions are independent of movements in the prices of
intgrmediate inputs, the same cannot be said for investment decisions. An increase in the
price of (ik) or a reduction in (ik)s material input costs will motivate investment. }f
capacity creation in (%) is highly import intensive, there will be increases in country k's
imports from its major suppliers of capital goods. Since for many countries, capital goods
and inputs into their construction are a major component of international trade, a multi-
lateral exchange rate model should contain an explicit theory of investment behaviour,
emphasizing the effect of international price movements on the distribution of investment
expenditures between industries and the resulting effects on trade flows. '

V. THE UNDERLYING THEORY AND THE DETERMINATION OF
. MERM'S PARAMETERS

Despite the limitations built into its structure, MERM contains an immense number of

patameters.'® Hence, in order 1o simplify the estimation problems, A & R make various

T Some indirest erfect miy veeur iz the impact of changes in 0y on prices and the level of final ex-
penditure, Dy But there is nothing in the MERM structure 1o suggest that the indirect affects adequately
reflect the obvious ditect effects, i e, the demand for manufactured and non-traded intermediate inputs.
This view wiil be confirmed in Section (V. There we will see that the estimation of the parameters in
{T1.2) is based on the standard model of household beltaviour—utility maximization subject to budget
. consiraints,
! . . fx o . . o -
With ¢ =2, S = 150 the system (T1.1) — (T1.6) contains over 33,000 elasticity parameters, even
atter good # s declared non-traded.
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assumiptions about producer and consumer behaviour. Many of these assumptions are not
explicit in the A & R paper. Therefore, this section presents what appear to be A & R’s
production, utility and behavioural assumptions. Only when these assumptions are m &ie
explicit it is possible to understand and assess the estimating procedures.

Producers in each country, k are assumed to be efficient: for any given level of national

output, Oz, the costs of intermediate inputs are minimized, ie., .xf‘, i B £ I S
minimize
G oy J . :
P pf‘!x;‘ : (4.1)
i=l j= i
ihiee ke ko k K k- £
subject to £ (w\”, X34, -0 XG J\) > O wnucl is the aggregate production unction.
In particular X is written as .
) 13 3 d
Kk oK.
oy . i 2 gt
= min ~—% - - (4.2)
K = Fe
ay  4n aG /
where ak
kN Y
J \] 7 3
}3 — g% =1, i=1...G (4.3)

A o

and x is an index of the total use of good i as an int umcdiate iﬂput in country k. The
. X 20 )
precise form of the index is specified by ( 4.3)*", where the ‘7t1’ QU are parameters. Motice

J’
that if ai =1 forj=1...J, then (4.3) implies ihatxf‘ =z i},Q,’,, L€, X

73] , is simply a
PTG

weighted sum of the inputs of i from different sources. However, when we are using

highly aggregated data, the physical composition of imports of good { from two different
countries may be quite different. The general index, (4.3}, allows us a flexible way in
which to recognize that inputs of (i) may not be perfect substitutes for inputs of {im),
m % i.c., aswe increase the inputs of (i) relative to inputs of # from other sources, there
will be a ieumse in the ability of additional units of (¥) to :xugmem the © Lff@C{l\"’
supply”, x7, of intermediate input . This idea xs captured by setting qq < 1 for all {ij).
(For convenience, we will also be assuming that qu # 0.}

The aff, i= . G in (4.2) are positive parameters. Hence, (4.2) is an aggregate L,con-
tief production hmuxon. It implies that an additional unit of output requires at least a
additional “effective’ units of intermediate input i foreachi=1... G

On performing the optimization indicated by the model (4.1 — (4.
to show that

P

33,1t is not hard

‘f‘/ b, forall ie{t...G} jed{l.. . J}. : (4.4)
T’“/‘)U'”) 0 for all V“i, i, ff.{} C;‘f‘, m,jf“(] e J}‘ (45)

(4.3 is 2 CRESH {constant ratios of elasticities of substitution, homogeneous) index and is discussed by
Hmmh [b CRESH is s generalization of the well-known CES {constant elasticity of substitution) index.

it (1,1 =47 tor all j, then (4.3) defines a CES index. By using CRESH rather than CES, A & R are abiz 10

shlow the vhstwny of substitution between products (i) and (im} 10 differ from that between {ij) and
(i), where j, moand g are distinet,
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and ok ok
I _ MY imRim . ;{\ Cose all i VG
Wy timy = — = b!mau forallie{l ... G};jymell .. . J} (4.6)
SR
:l Qz:{'s.'(]

!

wlhere a‘;“, =1/ - qf;}), Bjm = Vfor = m and 0 otherwise, and the S,lq are share parameters
defined in Table 1. It is assumed that the S‘f‘q are directly computable from published
statistics. ;
No mathematical analysis is necessary to see how restrictions {4.4Y and {4.5) i

from the model (4.1) — {(4.3). If we increase output, Oz, by 1 per cent, the aggregate
Leontief production function implies that each of the x; must be increased by 1 per cent.
Then in the absence of any price changes, (4.3) implies that the cost minimizing way to
provide the I per cent increase in xj is Lo increase each of the x,’t} by I per cent.?! Hence
€; = 1. Restriction (4.5) can be explained as follows: with no changes in 0, (4.2) implies
that price “hanges will not affect the \f‘ Also, a change in price p/f‘,n,j'iz'wiil not affect
the cost minimizing selection of products (if), j=1 .. J required to generate \f‘ Hence
(4.5). Some formal algebra is necessary Lo derive (4.6). The interested reader can investigate
the first-order conditions in the problem,*?

ey koo

choose SN A B

to minimize % xikpf-‘:
PR

subfect to (4.3) where xf‘ is treated as a given constant.
¥ .
The payofl from the A & R assumptions (Le., cost minimization, Leontief aggregate
production function and CRESH indexing functions) can be assessed by comparing the

 Ifun equal proportionate increase in all the \{l‘, is not the cost minimizing method of providing an increase
in \f‘ then the initial fevels of \{; could not be the cost minimizing combination 1o provide the initial
level of 17

The ¢ subscript and 1he & superseript play no role inthe optmization and it is convenient 1o omit them,
The resulting nottion in this footnote should not be confused with notation in other paris of the paper.
Without the 1 and 4, and ruting out the possibility of corner solutions by assuming that 4 <t forallj,
we can write the first urder conditions as

»
I

. @yl
(Fi) P = :\,q,- L) / t;)/,’.x' , and

iy L e L
(F2) ¥ v/ ! Uy = 1, where X is the Lagrangean multiplier on (4.3). By totally differentiating (F1)
i

with respect to A, Ppand x; (xis treated as a constant) and expressing the result in terms of propertionate
changes, we obtain

(F3) [;!« =X+ tq; - I}«\f}». Also, (F2} implies that

4y . .
JLASTAY / U3 =0, and via (F1) this reduces to

{Fd) f;.:/-.s‘/ =0, From (F3)and (F4), we find that
i

© e
A= (25,0 %e,S,. Hence,
' !

(F5) ¥ = . a’,»’;j + a/-(k.‘a{\s‘,p‘,’)/&x,,‘?, . {4.6) follows from (F5).
! '

ollow
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number of unknown parameters in the unrestricted equations with the number remaining
after imposing (4.4) — (4.6). For example, if G =2 and J = 15, as in the A & R model,
then for cach country &, there are G2J% = 900 elasticities of the form 77/(\’5/) (fimy b€
$1...Ghjmell oo T and 30 of the form ef‘! ielt.. . Gy el I With the restric-
tions (4.4) — (4.6), all the elasticity parameters can be computed once values have been
estimated for the 3’0&1.}’3, ie., the number of unknown parameters has been reduced from

930 to 30.

For thé behaviour of consumers, A & R appear to assume the following: in each
country &, the xf} i=C+] ... H j=1...J,are chosen to maximize

k k k
min Ltk i ' ; (4.7)
& . gk L.
G+l 4G+ H
where ‘?g'
J . )
) 1 ok =1, i=Gv1.. i, (4.8)
j=1 xl-
and H J
v % prxk =D, (4.9)
=G =1 O F

(4.7 is a fixed coefficient utility function—the o« are positive parameters. )":' is an
index of the consumption of good i and the indexing function is given by (4.8). (4.9} is
the budget constraint. :

The implications of the model (4.7) — (4.9) can most easily be seen via- the Hicks-
Stutsky partition of the total effect of a price change into its income and substitution
effects,?® ie,

K kK k s

Wipy (my == C fm € * () Y (4-10)
where ﬁ}({i}-) () is country k’s compensated cross elasticity of demand for (if) with
respect to changes in the price of (fm) and the remaining notation is defined in Table L

1t is clear that (4.7) — (4.9} imply
k=1 forall ie{Gl. .. Hbje) T (4.11)
Al

ﬁf,‘/) gm) = 0 foralli# [, ife{G+1 .. Hbmell o . J}. {(4.12)

23 A short reminder on the Hicks-Siutsky partition may be useful. 7 ;i\i/') (s 15 the percentage effect on &'s
consumption of (i) when there is 2 J per centincreuse in p?m and at the same time, Dy is increased suf-
ficiently to allow consumers to maintain their initial Jevel of utility. In textbook discussions of the Hicks-
Stutsky partition, the direct utility function, unlike (4.7, is everywhere differentiable with respect to
consumption quantities. However, the Hicks-Slutsky partition does not depend on the existence of
marginal utilities {or products. All that is required is the existence of derivatives {of the indirect utility
function) of the form d3U/3D and 3Ly/dp where 3U/3D is the marginal utility of expenditure and 3U/ap
refers to the change in utility resulting from 2 change in a particular price {all other prices and the ex-
penditure level remaining fixed).
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(4.12) can be explained as follows: (4.7) implies that a compensated increase in the

price of (fin) will leave cach of the .\'{, =G+ .. H unchanged. If there is no change in
\f or the price of products in the ith group, there will be no change in the 12’; =1,

On the other hand, compensated changes in the prices of products within the ith group
will influence the xf;s [t can be shown that

k ok ok
. ool §t
o gyt im < K
TGy (im) y; = O O (4.13)
vk ok
* “{:’1550
r[::i

where a,-/: =1/(] ~ qg-), 6ipe = 1 fori =mand 0 otherwise, and the qu are share parameters
defined in Table 1. (4.13) is derived in the same way as (4.6), ie., we determine the effect
of a change in Pi,, on the cost minimizing bundle of products (i), je{1 .. . J} required to

~ 1.
generate a fixed level for x7.

With the system (4.10) - (4.13), the problem of determining all the elasticities in the
final demand equations {T1.2) is reduced to determining the parameters Cff-; for all ie{ G+1
R e N N NS

Although the two models (4.1) — (4.3) and (4.7) ~ (4.9) dramatically reduce the
aumber of unknown demand equation parameters, further simplification is necessary. With

J= 15, H — 1 =4 there are 900 parameters of the form ozf; kyjefl. . JY, el ... H-1}.
A & R make the assumption that

&{;:%‘ forall &+ j kel ... J}:ief) S H-1} (4.14)

and thus reduce the estimation problem to that of determining the 120 parameters c:‘i-l-,
ST 2 B B N 1 15}, Unfortunawly, they provide almost no economic inter-
prefation of their assumption, and leave their readers uncertain as to what it implies in
tefms of {amiliar elasticity concepts.?® However, on the basis of (4.14), they describe an
ingenious method for determining the unknown parameters from observed import and
. . ll»

export demand elasticities. They note that the value of &' imports of good / is M7 o=
z pl-j_ré,-. If there is a 1 per cent increase in the price of all imported products of the it
i . - )

type and Op = 0 in the case where  is an intenmediate good, and Dy =0 for a final goed,
then the percentage change in .-Uf is given by

M= e oz opk Rk

CF S mdg D )Ry
where

’\’f] = ngx,;/ﬁff Hence,

** Domestic sourees are the only means of satistying requirements for good # (see footnote 9). Hence we
may assume that

~“§lk = xf, and set q;}/» =W say ) with Q‘;’;.j =1 forj=tand 0 otherwise,

Theretore ,, =2for allj and &, and the unknown parameters are reduced to a{; where ie{G+1 .., H-] ¥,
kjedl. . Jh L
Anmington's appendix (o the & & R paper provides an interesting interpretation of the ;. A further
development of his ideas on “competing” and “non-competing” shares (A &R, p. 610) might lead 10
an cconomically more meaningtul simplification than (4.14).

Z

%
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ko« <«

' k A j : o “
W= ST ni iy Ri forall ield .. H-1Y, kel oY, (4.15)
! jFEk mEk (i) (imy N

where 77 is country £’s volume®® elasticity of demand for imports of good 1.

Next they note that the value of j’s exporls of good i in terms of /s currency is

1;"; = ‘_E_ pfjxg- 4167
i\-{"/ .
Hence, : .
mi=, % iy 25 forall e 1. H=1}.jel1 T}, (417

where /f‘, = p{]-xf?j/lj'f and 7y is the volume elasticity of demand for country j's exports of
good i. Then they quote various studies to provide values for the 120 import and export

demand elasticities nf, Tijs i=1...4,7=1...15 and finally, they substitute {4.6),(4.10),
(4.11), (4.13) and (4.14) into (4.15) and (4.17) and solve the resulting 120 equations for
the 120 unknowns, oG G, i=1...4,7j=1...15

In contrast to their treatment of the demand equations, A & R introduce very tittle
theory to help them estimate the supply equation parameters {equation {T1.3)]. They
appear to assume that '

I / J

pyy Poy Py

wpo= fy [ =2 ﬁ,i.’.\\ for all ie{1... HY, jell .. . J} (4.
SH

N
o0
e’

i
\ll Szl

where ;7 is a measure of the unit wage and material costs in industry (). {4.18) implies
that the volume of supply of product (ij) depends on the percentage return per dollar of
input costs in industry (if) compared with the returns in other industries in country /.
From (4.18), we obtain
. Gooe , ,
xpp = n:l ﬁ(i[} ) Pnj Sppds =1 JH =1L (4.19)

1

where ﬁ;:}') (njy 15 the cross-supply elasticity defined by
. I
a-/i[ pnj/*nj
,/ 3 ’
a‘:‘b”/’/s”/‘) f’/

is the volume elasticity of supply of (i) with respect to changes in 27,/“.»,”5”}'. To make
{4.19) look more like the A & R supply equations,”” we will define

: = N ﬂ'
Bapy wiy e By (nf)

B o= fo .
Ry (nf) Bapy iy * bpj )
where &,; = 1 if n =iand &,; = 0 il n # i The Biiy njy 1€ value elasticities rather than
volume elasticities.3® Then (4.19) can be rewritten in the form
2k otk cnere ALY , PR Lo of Bein ve oof | eiven ar rent inereacs
7y = M | where 817 is the percentage change in the value of & s Imports of f given a | per cent increase
in the prices of i from all foreign sources. ) )
(4.16) is true on the assumption that country J's selling price tor product {if) is the seme tor ali markets.
. . . - I
{4.1711s derived on the assumption that ”‘:’i = pf‘/ for all 4.
2% A & R's equation (15). _ ‘ )
0 A & R's statement that “the value elasticity equals the volume elasticity plus unity” (A & R, page 598;
is true only for own price elasticities.

e
1
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* h o, o
Pyt Xg= S Pujy gy P
=]

#®

* ¥
Spj) tsy forallif, (4.20)

which is equivalent to the A & R equation {15).

- cost changes is

erit between the i
tion of cost of living increases which is passed on to wages, and by is s the wage share of
“total costs in industry (7). Thus the first term on the right of (4.21) is the percentage
Cincresse i unit costs in imi{xsts‘y (ijy resulting from increased wages. SP(,,} is the share of

Following the A & R approach, it seeras that an appropriate specification for the unit

O J o) oo J
* ) 4 - Y T g 7, .
s = by 9 S = SClyppype 0 T3 ’C,I, p”, forallij, (4.21)
! ’ in=0+l el T n=] f=

i

i

Cwhere SC /} ~is the share ol product (nf} in the cost of living index in country . Thus the
e hr

ereentage mncrease in the cost of living. By is the propor-

o pmduui {nf} in the unit costs of industry (4) and the second term on the right side of
{4.21) is the percentage nucm. i unit costs of industry (i) resulting from changes in

»

; the prices of material 'ﬂpdt&

The exact restrictions imposed on the ¥'s of equation (T1.3) by the model (4.18) and

C(4.21) can be deduced by substituting (4.21) into (4.20) and comparine the result with
) 23 y IS &

(T1.3). Rather than doing this, we will compute the payoff in terms of the reduction in
the number of unknown paran*e&m With # = 5,7 =15, (T1.3) contains 5625 unknown

32

N -y I :
¥ parameters.”” Assuming that the share parameters, by, SCLff and SPC ’f are readily
observable, the unknown parameters in the system (4.20) — (4.2 ) are the #2J =375 8’
plus the 15 p/ s. But apparently 390 supply parameters are still too many for estimation,
and A & R simply assume values. In particular they use the same values for all countries,

Le.,

) = pand }3(11) o) = ;3(1.«) (n*) for d“]z b, 1,33

A & R fail 1o give any indication of the basis for their supply clasticity assumptions. At

least, in«he absence of empirical cbilmdizb, a convincing presentation of MERM requires
L some sensitivity analysis. For example, the p’s, relating wages to the cost of living indexes,

js

3

may be key parameters in determining the eifects of exchange rate changes on trade
flows and balinces. Therefore, it seems that either the results of an attempt to measure
the u.'s should be presented or an analysis of the effects of varying the 0;'s from the
A & R ussumed value of L7535 should be made. )

Our final task is to comment on the estimition procedures outlined in this section.

Little more cun be said about the supply equaiion parameters. Also, Section [ contained

3

)

Without justification, A ‘L R exclude changes in the prives of domestically produced intermediate inputs
{ie., produced in country /) from 'm"‘uem.m»' muterial input costs in industry {(if). Instead of the second
term on the right side of H.Ei), they have

L T ose
0o
This number is reduced 16 4575 w hien good H is specified as non-traded (see footnote 9).

Some of the parameters 1or the “rest of the world™ are set at different values from the equivalent para-

meter in other countries.

¢ pf,l«, {see their equation (163] .

e
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ananalysis of the A & R approach to the demand for intermediate products, and therefore
it is unnecessary to discuss model (4.1) — (4.3). But some constructive suggestions can be
made about the parameters in the final goods equations,

The utility function (4.7) seems oversimplified. Expenditure elasticities are compara-
tively easy to measure, and there would seem to be little justification in simply assuming
them all to be 1. For example, elasticities in the food group (SITC 1} have systematically
been found to be less than 1.3% Also, {4.7) inadequately represents substitution effects.
A & R support their implied use of the fixed coefficient utility function by arguing that
“if the various goods are clearly distinguished by the kinds of want or need they serve,
the income compensated price elasticities . . . are likely to be quite small . .. fand] ...
will be agsumed to be equal to zero for the purposes ofsimpiiﬁcation”.ss However, this
argument is false. If various goods are clearly distinguished By the want or need they
serve, then it is acceptable to assume that the utility function exhibits want independence
or additivity.*® A & R have given us the left and right shoe situation—one gains nothing
from an additional right shoe without the left one. This is quite different from the
additivity assumption where the utility derived from additional units of “food” is in-
dependent of (e.g.) the level of “clothing” consumption. )

V. SUMMARY AND CONCLUSION

&

Effective exchange rate calculations are used in many countries to givé a summary

indication of the domestic impact of world exchange rate movements. An importarﬁt part

of the effect on country 4 of a devaluation by country 8 may come vin the effects of 8’s

actions on third countries and world commodity prices. Hence, if possible, effective ex-

change rate calculations should be made with reference to a multicommeadity, multi-
country model.

The International Monetary Fund has an important role as an agent for harmonizing
the exchange rate policies of member countries. Also it is a repository for a vast amount
of information on international trade and finance. For these reasons, it is very approp-
riate that a major research project of the Fund staff in recent years has been the develop-
ment of the multilateral exchange rate model (MERM).

in Section 111 we described the MERM structure (Table 13. Then we showed how
MERM is used for effective exchange rate calculations and how the MERM “weights”
differ from “trade-shares”. In Section IV we introduced three models, (4.1) — (4.3},
(4.7) — (4.9) and (4.18), to help us understand MERM’s underlying theory. Our analysis
in Sections 11 2nd IV pinpointed several surmountable weaknesses in the currently
orerational version of MERM. Our main suggestions, roughly in inverse order of research
costs, are as follows:

3 For a pioneering multicountry study of expenditure elasticities, see Houthakker [b] Recent research
includes Lluch and Powell {11}, and Lluch and Williams 1121 .

35 A & R, page 595,

36 An additive utility function has the property that all its cross second derivatives are zero, Le, the marginal
utility of each good is independent of the consumption of other goods. There are numerous applications
of additive utility functions in demand studies, for example, Frisch [4], Houthakker [9], Powell [13].
Generalization of the additivity assumption is discussed by Sono {15].
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(a) The fixed coefficient utility functions (4.7) should be replaced with more general
additive functions, thus allowing compensated price elasticities for goods to be different
from zero. Also, the expenditure elasticities should be allowed to vary from 1. (b} The
demands for intermediate inputs should be related to the compositions of the national
outputs. (c) The exclusive classification of goods aseither final goods or intermediate goods
should be dropped. (d) A distinction should be made between households, investors and
the government. [t may be important to have a theory which relates the profitability of
capacity expansion in each industry to international price movements. Then profitability
should be translated into demand for capacity expansion, and demand for capacity ex-
pansion should be translated into demands for imports. (e} The supply functions should
be formulated in such a way that estimation of the parameters becomes feasible. Only
then will it be possible adequately to recognize variations among countries in the response
of their exports and {mports to international price movements, Sensitivity analysis on I{éy
supply parameters, c;‘pccialiy those relating the cost of living indexes to wages, could be

{

useful in isolating top priority areas for empirical research.

It is worth emphasizing that improvements in- MERM’s structure could be carried out
one country at a time. There seems to be no compelling reason for preserving the model’s
“symmetry”. For example, it might be a sensible research strategy to improve the speci-
fication of the supply and demand equations of the major trading countries before work-
ing on those of the smaller ones.
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