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1 INTRODUCTION

~ Since March 1973, the major industrialized nations have allowed the val-
ués of their currencies to fluctuate with market forces, subject to interven-
tion at their discretion. Prior to-that time, economists had expressed con-
cern that a managed float would give rise to two kinds of problems. Fi irst,
they antlclpated some of the problems associated with freely ﬂuctuatlngf ‘
" exchange rates. Second, they argued that optional intervention on the part
 of national authorities would introduce the potential for the manipulation
of exchange rates in ways contrary to the interests of the international com-
munity. Since the advent of the managed float, some authors have praised
its functioning while others have cited incidents “indicative of the nature
- of weaknesses in present foreign exchange arrangements (Ethier ‘and

Bloomfield, 1978, p. 222). ‘

Because of these concerns, there is a growing literature that proposes the
imposition of regulatlons by an international group such as the International
Monetary Fund permitting intervention by national authorities in the for-
eign-exchange market except under certain circumstances. The goal behind
such proposals is to gain the benefits of allowing national authorities some
control over their exchange rates while precluding unacceptable manipu-
lation. ,

This Study examines and-compares the potential performance of such
rules when' confronted by various intervention strategies. It uses a com-
puter simulation model to describe the determination of a country’s ex-
change rate under a managed float. The model includes a foreign-exchange
market in which traders, speculators, and arbitrageurs participate, along -
with the country’s monetary authorities. The country’s domestic economy -
is described in the model insofar as is necessary to capture interactions
between the foreign-exchange market and the internal economy. The var-
ious parameters and lag structures are based on empirical estimates drawn
from the literature. Actual values of the variables in January 1970 are im-

" Professors Richard Froyen, Ed Howle, and Dennis Appleyard of the University of North
Carolina at Chapel Hill provided valuable assistance with my Ph.D. thesis, on which this
Study is based. A paper by Kenen (1975) and subsequent correspondence with him suggested
the approach developed here.. Kenen used a simulation model to compare alternative rules
for intervention. This Study.employs the same method (but a very different model) to compare
alternative rules that limit intervention under certain circumstances.
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posed initially. A preliminary simulation traces the path of the model as it -
converges to an equilibrium. In subsequent 51mulat10ns a disturbance is
introduced and the paths of key variables are studied with alternative na-
tional strategies governing intervention and alternative international regu-
lations hm1t1ng it. ,

The motives attributed to the country’s monetary authorltles are: 1nd1f-
ference to ‘exchange-rate change desire to maintain the- existing exchange
rate, desire to av01d currency appreciation or deprematlon desire to cause
’gradual currency apprec1at10n or depreciation, and desire to “lean agalnst
the wind.” ,

The international- regulatlons examined in the model never require in-
tervention but instead limit it ‘under certain mrcumstances They are: a
ceiling on the volume of intervention permitted per perlod a limit on the
duration of mterventmn in the same direction, a. requirement that a coun-
try s reserve changes sum to no more than a spemﬁed limit over some time
interval, and the “reference rate proposal




9 THE MODEL

I begin by presentmg in general form the equatlons of the model, neg- -

lecting-lag structiires and particular parameter values.! The, model contains - - -

two countries—the home country, called “US,” and the rest of the world
called “ROW.” I call the home country “us” because convenience requires
that it have some name and because parameters are drawn from empirical
estimates for the United-States and initial variable values are ‘taken from
data for the United States. In the presentatlon that follows, the absence of
any subscrlpt indicates use of: the current value of that variable; the sub-
) script — 1 indicates that the variable is lagged only one period; the’subscript
—j 1nd1cates that two or more lagged values of the variable appear in the ,
- equation. The variables are defined when introduced and agam in the Ap-b

pendlx in. alphabetlcal order

The US Goods Sector R

‘ ‘In the US ‘economy, real income is determmed by real aggregate demand

_RY = RC+RI+C1;)S+NEX, o W

- where RY is real income, RC is real consumptlon RI is real investment,
“GS is. nominal government spending, P is the pnce index, and NEX is the
level of rea] net exports. : ‘

Real consumption' is a function of real permanent dlsposable mcome

'DYP, and the stock of real liquid assets, represented here by the real money
stock:

Rc[_=.f~<DY15,; %> | o i e

where MS -is the nominal money stock (M1). Permanent disposable income
is a weighted average of current and past levels of real disposable income:

1 Because many equations:include several variables with long lags -space constraints prohibit’
inclusion of the precise equation employed. The lag structures are important, however, in two
< respects: first, lags affect adjustment processes in the economy; the changes induced by any
shock to'the system do not occur instantaneously. Second, the inclusion of lags makes it
possible to deal with many ‘interactions between economic ‘variables without having to solve a
large simultaneous-equations system, Because the ‘model can be solved recurswely
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DYP = f (Y - DI:;)P - TAX>, <Y - DgP - TAX> @)
/-

where Y is nominal income, DEP is capital-stock depre01at10n TAX is taxes.
(Nominal tax revenues grow at such a rate that real tax revenues increase
1.8 per cent annually.) : ‘
Real investment spending depends on the level of real income, the in-
terest rate, R, and the level of real investment in precedmg periods, as well -
as on the deprecxatlon rate, SQ, and current and previous capital stocks,
RK. Thus, _—
" RI = f(RY_,, R_,, RI_, SQ RK, RK>). @
SQ is held constant (at 0.00417 per month) throughout. The capital stock is
defined by
RK = RK_, — (SQ-RK_,) + RI_, . 5)
The third component of real income, real government spending, is con-
trolled by the government in accord with political and economic goals. As
explained below, I assume in reported results that government spending is
adjusted monthly to keep real income growing at 1.8 per cent per year.
" Net exports in real terms equal output of real exports, XPR minus real
import payments in the period. Thus

NEX = XPR — MPR—M , (6)

where MP is the value of import payments in foreign currency and RM is
the exchange rate. (See equations 15, 19, and 32 below for export orders,
import payments, and the exchange rate.)

The US Financial Sector

Although the home country is called “US,” its currency is called “dollars,”
and parameters for the United States economy are used in the model, the
financial sector is not a faithful representation of that country’s financial
sector. The real money stock is the policy target of the central bank, whose
only tool is open-market operations. The assumed goal is a constant annual
growth rate in the real money stock of 1.1 per cent: 2

2 The model assumes significant economies of scale in holding money. Though real income
grows 1.8 per cent per year, the real money stock needs to grow only about 1.1 per cent per
year. The money-demand equation in the model reﬂ_ects estimates by Goldfeld (1973).
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- MS = 1000912 - MS=1"F " B @

. . =1 . . T
The model solves for the number of consols that must be sold to achieve
the targeted money stock in the face of exchange- market intervention and
imbalances in the government budget. The first step recognizes that the

- money stock is determined by the reserves éwailable to the banking'system:
MS = MS_, + (MM - A bank reserveS) - ‘- T

where MM is the money multiplier.®’ Equatxon (8) reﬂects several simpli-
fying assumptions. First, nominal financial assets other than those-in M1
are.ignored. Second, intervention in the foreign- exchange market is con-
ducted only by US authorities and affects bank reserves; it is not sterilized
automatically by institutional arrangements. Third, budget deficits are com-
pletely monetized by central-bank bond purchases from the treasury. Thus,
deficit spending increases bank reserves. Open-market operations, ex-
change-market mterventmn and deficit spending are the only actlons that
affect bank reserves. . :

To achleve the desired nomlnal money stock 1mp11ed by the real money-
stock target, the central bank buys or sells consols prlced at 1/R each.
_ Therefore, the number of consols, GB, that must be sold is

GB'= R-MM (MS_, — MS) + R(RSC_, + GS — TAX), - (9

where RSC denotes the dollar value of US purchases (or sales if- negatxve)
_ of international reserve assets.

The demand for real money balances, denoted by RMD, is a functlon of
real income and‘the interest rate: :

InRMD = f(nRY_,InR, lnR_). IO 1)
The interest rate equates money supply and money. demand ‘

MS = | L Loy
The US Price Level

The US pricé index,’ P, is glven by e , ; o
P=P_,(1+NPF), T 12

3MM = (C + D1)/(LR + C +. X) where C is the desired ratio of currency to demand
deposits, LR is the legally required ratio of reserves to demand deposits; and X is the desired
ratio ‘of excess reserves to demand deposxts

5




- where NF denotes the inflation rate. The inflation. rate is a function of the
_ unemployment rate, U, the rate of growth of labor productivity, G, pre-
vious inflation rates, and the average rate of change of 1mported goods pnces
in the preceding year, PM: ' _
NF = f(l/U_], c_J, NF_;, PM) . ' | (13)‘
Unemployment follows * Okun s Law,” Wthll asserts (Okun 1970) that
1 . RYP - RY
.0.032 - RY

U=40+ L o a9
: where RYP is potentlal real output and is’ assumed to.grow at 1.8 per cent

per yearfrom its initial level, which is estlmated using equatron (14) and
the initial levels of U and RY. :

US Trade

The exchange rate between the dollar and ROW currencies clears the for- -
ergn -exchange market. The transactions in that market are discussed below.”
Many of the equations are based on those employed by Kenen (1975).

Orders by ROW for US goods, XO, depend on the terms of trade, TT
and ROW real income, RYF Thus

X0 = f(TT_], RYF_ >,, SRR S sy
where o S - Cl
TT = ——i—— s : o (16),
. PF - RM . ‘ :

and PF is the price indexin ROW. When an, export order is placed adollar
price is stated. Thus; the number of dollars demanded in a given period to
~pay for exports of home goods; XP, will depend on the price and quantities
of previous orders: : -

XP = f(XO_;, P.). - - ‘ A ' (17)

.Orders by US for ROW goods, MO, will vary with the terms of trade

" and US real income. Thus, '

MO = f(TT_, RY_). 8
When an import order is placed a forelgn ~currency price is stated. Thus,
import payments in. forelgn currency in any perrod will depend on previous
orders and prices: :

MP = f(MO_, PF_) . _ 9
To determine the number of dollars, DMP, that must be sold to obtam MP
umts of foreign currency, multiply MP by the exchange rate:
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-, DMP'= MP+RM.. e ; Cel (20)

Interest-Sensitive Capital Flows

" Real capital flows occur in response' to changes over time in the interest-
rate differential between US and ROW." Adopting .conServati’ve'féstinlate\'s'
(Branson, 1970; Willett and Forte, 1969; Branson and Willett, 1972; Miller
* and Whitman, 1972), an increase in the differential by 1 percentage point
" raises the cap1tal inflow by $780 million, regardless.of the level of the dif-
ferential. This is the parameter F in equation (21). The size of the flow
increases, however, with increases in ‘the rate of change of real wealth in
US and ROW. (Wealth.in ROW s assumed to grow at approx1mately the
same rate as in US) Thus '

‘CA‘=F<1+Q—VZ+NF>A(R—RF)_J, I @
_ . : |
end . ‘

BCA _=. %é . . .’ : co P ) (22)

where CA is the volume of interest-sensitive capltél flows into US, DW is-
© the change in real wealth, W is real wealth and RCA is the real value of
: 1nterest-sensmve cap1tal inflows. The change in real wealth equals the change
in the real money stock minus’ real ‘capital inflows plus the real value of .
new bond sales plus real net investment:” o

DW = a <M5> RCA_, + _cB, + RI_, — SQ‘RK_,. (23)
P 4 P—l ¢ -1 ‘ . e

- Real wealth is thus: , - -

W= W_, + DW . o S (24

‘ Speculatwe Capttal F lows

In any given period, exchange rate speculators make a pomt estimate of the
exchange rate for the next period, denoted by-AR. In simulations used to
' compare alternatwe regulatlons in this paper, I assume that

-

JUPL A A )
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Speculators rely on the concept of purchasing power parity in predicting
‘the next period’s exchange rate.*
' The discrepancy between the current penod s exchange rate, RM, and
the rate anticipated for the next period, AR, indicates the size of specula-
tors’ prospective profits. For this reason, their desired short position in
_ foreign currency; SFD, is. i . \
SFD = § <M> : S | (26)
SRR WY
where § is a scalar whose size is related to ekport volume. This links the
volume of speculatlon to the volume of trade TIn-all runs reported,

S =60X0_,-P_ ' ' , @)
Space limitations prevent comparisons of model performance with alterna-
tive specifications of S, though such comparisons would demonstrate the
_ importance of speculative flows to the model. The desired short position in

foreign currency has as its counterpart this desired long position in dollars,
SHD:
SHD = SFD - RM . (@8

Speculators attain their desired foreign-exchange positions gradually; they
purchase (or sell) dollars in an amount, CSH, equal to a fraction of the
discrepancy between desired and actual holdings:

CSH = Q (SHD — SH_), : . O (29)

where SH_, represents their actual long position in dollars at the end of
- the precedmg period, and Q is the stock-adjustment coefficient. Initially,
SH = 0, but thereafter,

SH = SH_, + CSH . (30).

Excepf for equations (25) and (27), the speéulative behavior incorporated
here is that described by Kenen (1975).

4 It would be worthwhile to compare performance of the model under several assumptions
regarding the formation ‘of exchange-rate expectations to see how speculative behavior affects
the success of intervention strategies and regulations. I do not investigate this issue at length,
but I did employ one alternative assumption in the free-float runs:

AR=L3 RM_;
1 =1

In runs with AR determined in this manner, there was greater volatility in exchange rates,
export orders, and import payments than with the. purchasing-power-parity assumption. The
increased volatility is not surprising, since speculative responses will not modify trends in
currency values as much when expectations are themselves sensitive to recent rate changes.
Expectations based on purchasing-power parity are sensitive to exchange-rate trends only
insofar as the trends affect relative price levels.

8



Official Intervention and Exchange Rate Determination

The nominal dollar value of international reserves held by US’s monetary
authorities, denoted by RES, is _ o -
RES = RES_, (1 + I;—BA“>+ RSC .~ . @1
. X -1 . .
The initial value of RES is set at a level high enough to prevent reserves -
* from being .exhausted during any of the runs reported.” The -volume of re-

serve purchases and sales will vary with the motivation of the government,
the state of the economy, and international regulations, discussed below.

Reserve assets in the model consist entirely of foreign currency, so that.:

their dollar value changes when the exchange rate changes as shown in
equation (31). : ~ ; -

"The exchange rate in a given period clears the foreign- exchange market
given the trade and financial transactions above. The followmg equatlon is
solved to arrive at the exchange rate:

XP — MP-RM + CSH + CA — RSC.+ CON =0, = - (32)
‘where CON_;iS fhe constant that balances the equation for January 1970.5

The ROW Economy

- Real income in ROW is assumed to grow at a constant 2.4 per cent per
‘year (or 0.2 per cent per month). Thus, ‘

“'RYF = (1.002) RYF_; : -~ - : (33)

The growth rate of :RYF is entirely arbitrary and could easily be altered,
- but it is essential to the partlcular equilibrium solution discussed in the_
‘next section.

‘The simulation model does'not attempt to describe money supply and
demand conditions in ROW. Rather, it reflects the fact that capital flows
between US and ROW will affect ROW interest rates (RF): ' -

"RF=RF_, + 064AR_, .- » , (34)
_ This equation reflects estimates made by Herrmg and dlscussed by Bryant

(1975, p. 351).
. By.definition, the ROW prlce level is

_PF = PF_, (1 + NFF), | ' (35)

5 Equatlon (32) is quadratic in RM, and the method for choosmg between lts roots is the
one employed by Kenen (1975, p. 115). : oo
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where NFF is the monthly lnﬂatlon rate in ROW The annual ROW infla-

tion rate is constant at 10.225 per cent.
.

E quilibrium Values -

As explained earlier, the purpose of this project is to analyze the impacts
of official intervention in the foreign-exchange market and'of regulations
limiting such intervention. To isolate those impacts, I run the model until
an equilibrium .is established, then disturb the equilibrium and examine
the .path toward ‘a new equilibriumi under ‘each alternatlve intervention
strategy and regulation.

. I consider equilibrium to exist when the key variables (the unemploy-
ment rate, the inflation rate, and the exchange rate) change less than 0.0083
per cent each month for five years. The total change in any key variable -
will then be less than:0.5 per cent over the five-year period. Obviously,

the set of equilibrium values is not:unique in that different assumptions

about the conduct of fiscal or monetary policy or about ROW economic .
trends will result in very different paths for the key variables. There is thus
nothing particularly significant -about the equilibrium described here; it is

~ simply that which results w1th the policy parameters and forelgn trends 1.
have chosen. -

“When the model starts, it contains built-in dlsturbances because its
equations include lagged variables whose values are specified from pre-
January 1970 data for US and ROW. Long lags in many of the equatlons :

. lead to slow adjustments, so that the model requires 349 months to-reach
equilibrium. This equilibrium is attained under the following assumptions:
(1) government spending levels in US are adjusted‘.‘ea‘ch period to keep real
‘income growing at 1.8 per cent per year and unémployment constant at 3.9
per cent; (2) real tax revenues grow at a constant 1.8 per cent annual rate;

(3) the central bank, via open- -market operations, keeps the growth rate of
the real money stock constant at 1. 1 per cent; (4) the ROW inflation rate is
constant at 10.2 per cent per year and ROW real i income grows at a 2.4 per
cent annual rate. N

When equilibrium is attained, the unemployment rate is 3.9 per cent,
the annual inflation rate is 10.2 per cent, and'the exchange rate is 0.918.
At this point; I shock the model, study its behav1or and introduce the
various intervention goals and regulations.®

¢ Though equilibrium is reached in period 349, programming convenience led me to wait
until perlod 361 to begin my analysis. From this point ‘on 1 therefore ignore the first 360

10



Introducing a Disturbance

The nature of a disturbance to the economic system affects both the ablllty
of the monetary authorities to attain their goals and the performance of
alternative regulations limiting intervention. We can envision any number
of shocks, differing both in. magnitude and in the variables they affect. T
introduce just one.in the runs reported here. In the first year, the foreign
price level increases by 19.36 per cent, not at the equilibrium rate of 10.2.
per cent per year. After the first year, ROW 1nﬂat10n is 10.2 per cent t per
year. ’
- This dlsturbance creates a disequilibrium. International and domestlc
variables must adjust to the change in the relative price levels of US and
ROW.: The final outcome 240 periods after the disturbance begins is a new -
‘equﬂlbrlum in which the unemployment rate and the annual inflation rate
have returned to 3.9 per cent and 10.2 per cent, respectively, but the
" exchange rate is 0.849. (Fiscal -and ‘monetary policies remain those de-
scribed in assumptions 1 through 3 of the previous section.) The adjustment
period is long because of the lonig ]ags in many equations of the model. The -
8.13 per cent increase in the equilibrium value of the dollar accompanies
the 8.05 per cent decrease in the US/ROW price ratio from its initial equi-
Vhbrlum level. Thls result is con51stent with the theory of purchasmg -power
parity. ‘ ) i
" The path of ‘adjustment is 'described in detail below using several quan-
titative performance criteria. I focus on®the first 120 of the 240 periods
" required to reestablish equilibrium because virtually all the adjustment takes
place within that fist interval. After period 120, actual values are very close
to the new equ1l1br1um values, and the remaining ad]ustments occur evenly
and slowly :

r

" periods of the simulation, referring to perlod 361 as the ﬁrst month. of the ten-year period
being studied.

11



3 ’ COMPARING ALTERNATIVE INTERVENTION STRATEGIES
AND REGULATIONS

How can we judge the success of a particular regulation limiting inter-
vention or of a particular intervention strategy? Several performance cri-
teria merit consideration. :

Short-Run Vamabzhty

First, consider variability. Those significantly affected by exchange rates
would prefer that the exchange rate be at the appropriate level and remain
there. Disturbances in the economy will require exchange rate adjustment,
but most analysts favor arrangements that minimize “noise” in exchange
rates and perhaps the abruptness of changes in the rate. I define noise in
the exchange rate as changes that are soon reversed. These result in ad-
justment costs that might otherwise be avoided. Further, they increase the
riskiness and uncertainty associated with international transactions. .

The costs of adjustment to an abrupt exchange-rate change can be partic-
ularly high for those involved directly in international transactions. Also,
an abrupt change can have substantial repercussions for the domestic econ-
omy. Spreading the same exchange-rate change over a longer period does
not eliminate the adjustment costs, but it is likely to reduce those costs,
other things equal. ‘ ‘ :

To compare. the extent of variability in any two simulations, I first cal-
culate the mean squared error (MSE) of exchange rates from their twelve-
month moving average in each simulation:

1 114
MSE = ——4§ - MAV(D)]?,

where MAV(I) is the twelve-month moving average of the exchange rate,
centered at period I.! The MSE is a good indicator of the presence of noise
in the exchange rate.

A second statistic that is useful in examining the amount of variability is

! MAV(I) cannot be calculated for the last six periods of the run because future values of
RM(I) are unknown.

12




the root mean square of successive differences in the exchange rate over
the course of a simulation:

120

' _ 1 RM(I - 1) — RM (1) ’
RRM IO'OV 120 2( “RM() )

I=1

RRM reﬂects all exchange rate changes but gives greater weight to large
changes. ‘

In addition to MSE and RRM, my program keeps count of the numbers
of monthly exchange—rate changes falling in these intervals: (a) 0 to 1 per
cent, (b) 1'to 2 per cent, (c) 2 to 3 per cent, (d) 3 to 4 per cent, (e) 4 to 5
per cent, (f) 5 per cent and greater. It also prints the size of the’ largest
single change and the period in which it occurs.

Exchange-rate changes produce fluctuations in exports and 1mports In
fact, those fluctuations give rise to the concern about exchange-rate changes
For that reason, I examine fluctuations ‘in trade flows. The summary statis-
tics generated for exchange rates are also generated for export orders and
import orders. First, my program calculates the root mean square of suc-
cessive differences for export and import orders. Second, it generates fre-
quency distributions for the absolute values of monthly changes in export
and import orders. ‘ :

Fluctuations in the exchange rate and resulting variations in exports-and
imports affect the domestic economies of the countries involved. The as-
sumption built into my model that government spending is adjusted each
period to maintain a constant rate of change in real income and a constant
unemployment rate means that domestic economic effects will not produce
variations in unemployment or real income. Instead, the fluctuations will
be reflected in deviations from the usual path of government spending. The
US inflation rate will also reflect exchange-rate changes. Thus, I examine
the root mean square of successive differences in the monthly rates of change
of government spending and in the inflation rate. I look, too, at the mag-
nitude of the largest single monthly change in government spending and in
the inflation rate.

Exchange-Rate Manipulation

When the monetary authorltles are al]owed to intervene in the foreign-
exchange market, I need some measures of the extent of intervention. For
this purpose, I record net reserve purchases in each run and the largest
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-number of consecutive months of one- way intervention, as well -as the av-
erage amount of intervention during that interval.

Currency Overvaluatzon or Undervaluatwn -

The literature reflects concern that nat10na1 authorities will seek artlﬁcmlly
‘low or artificially high currency values when they are free to intervene.
Competitive depreciation is a “beggar thy neighbor” policy that has re-
sulted in periods of worldwide recession. Artificially high currency values
have been sought to reduce inflationary pressures at home.
" The extent of official intervention, however, is not an adequate indicator
of the degree of currency overvaluation or undervaluation. Intervention
may instead speed movement toward a new equilibrium value or reduce
variation from the path toward that equilibrium. To determine whether
"intervention has, in fact, prolonged currency overvaluation or undervalua-
tion, I compare the behavior of the exchange rate with that in the free-float
run. Knowing the value to which the exchange rate eventually converges.
in the free-float run, I measure ‘the size of the gap between the exchange
rate in the final year of the run in question (its average value in the final
twelve months) and in the final year of the free float (the equlhbrlum rate).
It is reported as

. ) initial exchange rate — final exchange rate
Adjustment ratio = xchang &

initial exchange rate — equilibrium exchange rate '




4 MOTIVES FOR OFFICIAL INTERVENTION

Having outlined the model and the criteria for evaluatmg performance .
_ I now consider the possible motives for intervention by the natlonal au-
thorities and the resulting patterns of intervention.

Indifference to Rate Change

The simplest motive attributed to the national authorities in any run is total
indifference to exchange-rate change. In other words, the monetary au-
“ thorities accept the outcome of a free float. Since the model is in equilib-
rium when I begin 'my analysis, there is virtually no change in the exchange
rate or other key variables (except those that grow at an equilibrium rate)
until a shock is introduced. So I introduce the disturbance to the ROW .
inflation rate described above and examine the path of the model there-
after. This free-float run is then used as a’benchmark for exammmg the
consequences of intervention in other 51mulat10ns _

To simulate a free float, equation (32) above is solved to  determine the
exchange rate for each period with RSC equal to zero. The values to which
the variables converge are presented in Table 1 below. The initial equilib-
rium values are those to which the free-float model converges before the
introduction of the shock; the new equilibrium values are those to which it
converges following introduction of the shock.

As explained earlier, the growth rate of real income, the unemployment
rate, and the inflation rate do not change between the two equilibrium-
states. Adjustments in fiscal policy hold the growth rate of real income and
the unemployment rate constant throughout each run. The inflation rate
does vary but returns to its previous level. The dollar appreciates 8. 13.per
cent as a result of the disturbance.

But what is the nature of the adjustment path? Table 2 presents relevant
data. The MSE for the exchange rate is 0.000005, indicating that exchange

rates adjust very smoothly over the course of the run. The chart of the
~ exchange rate over the run verifies quick and smooth adjustment to the
foreign price disturbance. Once that adjustment is completed, the exchange
rate exhibits a very slight cyclical tendency as it approaches equilibrium.

The RMS (root mean square of successive differences) shows that the
exchange rate'changes at an average rate of about 0.25 per Cent per month.
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TABLE 1

CONVERGENCE VALUES OF KEY VARIABLES FOLLOWING THE FOREIGN PRICE

DISTURBANCE UNDER A FREE FLOAT

Initial Equilibrium

New Equilibrium

Variable - Value Value
Exchange rate . . 0.918 0.849
Annual inflation rate . 10.2% 10.2%
Unemployment rate 3.9% 3.9%
Annual growth rate of

real income 1.8% 1.8%

Again, the freely floating world does not appear to suffer erratic rate move-
ments. The terms of trade move even less in the average period. Both
export and import orders show average monthly -changes of approximately
0.20 per cent.. The US inflation rate changes by about 0.06 per cent per
month, while the monthly change in real government spending averages
0.23 per cent. These small impacts on the US domestic economy are to be
expected, since the nominal exchange rate bears the brunt of adjustment

to the foreign price disturbance.

TABLE 2

ADJUSTMENT PATH AFTER THE DISTURBANCE UNDER A FREE FLOAT

(dollar figures in billions)

VARIABILITY
" No. of Changes
Average Exceeding
Variable RMS Value 1% per Month
Exchange rate ’

(MSE = 0.000005) 0.2526 0.849 0
Terms of trade 0.0397 1.060 0
Export orders 02022 $10.971 0
Import orders -+ 0.2035 11.315¢ 0
Inflation rate 0.0627 10.0% 0
Government spending 0.2263 . $41.056 0

ADJUSTMENT
Initial Equilibrium Final
Value Value Value
Exchange rate
(ratio = 1.029)° 0.918 0.849 0.847
10.2%

Inflation rate . 10.2% 10.2%

2 In billions of ROW currency units.

b Adjustment ratio = initial value — final value

initial value — equilibrium value
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. . FIGURE 1 v
REAL GOVERNMENT SPENDING FOLLOWING THE FOREIGN PRICE DISTURBANCE
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The adjustment figures in Table 2 show that the exchange rate at the end
of the run is very close to its equilibrium level, having overshot it slightly,
so exchange-rate adjustment to the foreign price disturbance is nearly com-
plete at the end of the ten-year period. The inflation rate has also returned
almost exactly to its initial level, which becomes the new equilibrium level:
Government spending shows a linear trend over the run (see Figure 1), 50
it, too, settles into a stable pattern as the run progresses.

To summarize, the model used here yields a free float that behaves well
in the face of a foreign price disturbance. I make this point not to argue
that free floats will always be well behaved or even that this model would
behave as well with alternative disturbances or specifications. Rather, I

~want to note that there is little room for improvement over the free-float
case. Accordingly, intervention can do little to smooth the path of the rate
and the resulting adjustments in this model, but it may significantly change
the path of adjustment. ’ -

Maintaining the Existing Rate

The second motive attributed to national authorities is the desire to main-
" tain (peg) the existing nominal exchange rate. The performance of the “ad-
justable peg” Bretton Woods system suggests the relevance of such a mo-
tive. Under the Bretton Woods system, exchange rates were to be adjusted
in case of a “fundamental disequilibrium,” but countries exhibited great
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reluctance to alter them. Even today, many économiists and some countries
advocate a return to pegged rates. Their arguments are familiar and abun-
dant, reflecting the desire to avoid both the adjustment costs associated -
with exchange-rate change and the uncertainties accompanying the possi-
 bility of change.

In my model, authorities intervene as necessary to keep the exchange
rate in period I equal to that in period (I-1), provided they violate no in-
ternational regulation. If a regulation constrains them, authorities intervene
for as long and fo the extent possible in the desired direction.

In the simulation incorporating this objective and with no international
regulation, the exchange rate remains at 0.918 for the full ten-year period
(see Table 3). Its average value is thus 7.6 per cent lower than in the free

“float. Net reserve purchases are $181.9 billion over the course of the run.

TABLE 3
INTERVENTION TQ PEG THE RATE WITH NO REGULATION
(dollar figures in billions)

VARIABILITY
. No. of Changes
: ] Average Exceeding
Variable RMS Value -~ 1% per Month
Exchange rate o . o »
~ (MSE = 0.000000) - 0.0000 . 0.9180 0
Terms of Atrade‘ oo -0.2101 -0.9937 0
Export orders - 0.3408 . -$11.982 0
Import orders - ) 0.2112 10.546¢ 0
Inflation rate .. 03211 10.2% 0
Government spending '~ 0:2150 T $40.067 0
' " ADJUSTMENT
Initial - Equilibrium'. Final
Value Value Value
Exchange rate ' o
(ratio = O) 0.918 0.849 0,918
Inflation rate -10.2% 10.2% . 10.2%
RESERVE PURCHASES
Longest interval of one-way intervention : B 119 periods
Average monthly reserve purchase during that interval $ 15
Net reserve purchases during the entire run’ Lo $181.9 -

2 In billions of ROW currency units. ‘
b Adjustment ratio = _ initial value — final value .
initial value — equilibrium: value
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- Authorities find it necessary to purchase reserves every period to prevent
currency appreciation.

Since exchange rates cannot adjust to the foreign price disturbance, ad-
Justrnent must occur elsewhere. The terms of trade vary more than in the .
free-float case (the RMS for terms of trade increases from 0.0397 to 0. 2101),
and this is reflected in export and - -import_ orders. Both are more volatile.
Export orders are 9. 2 per cent. higher, on the average, and import orders
6.8 per cent lower than in the free-float case. US inflation increases slightly,

' averaging 0.2 percentage points higher than under the free float. Given the

fiscal policy of maintaining a 1.8 per cent annual growth rate in real output,
government spendlng is not as hlgh as it would be in the absence of the
-undervalued currency. Net exports, boosted by the undervalued currency,
: prov1de more stimulus to the economy than they otherwise would.

In summary, pegging the exchange rate requires substantial intervention
‘and prevents exchange-rate adjustment in response to a shock. Maintaining
an artificially high exchange rate (artificially low dollar value) boosts export
orders, cuts imports, and increases the variability associated with the terms »

of trade, export orders, import orders, and the_ inflation rate.

Avoiding Appreciation or Depreciation

Under certain circumstances, national authorities may wish to prevent the -
appreciation of their cuArrencies, as in the face of strong lobbying efforts by
the export sector of the economy or of concern over a generally.depressed
economy. Whatever the reasons for a bias against appreciation, the model
can depict its operation. The exchange rate starts at 0.918 and monetary
authorities will permit it to go above 0.918 (depreciation). But they w111 buy
reserves to keep it from falling under 0.918, regulations permlttmg

With the shock introduced in my analysis, the free-market exchange rate
appreciates throughout the course of the simulation, ending at 0.847. Given
that tendency, intervention that seeks to avoid appreciation is tantamount
to intervention that seeks to peg the exchange rate. So the simulation result
is identical to the pegged rate result and requires no separate review.

If currency depreciation is viewed by political forces as an indication of
economic weakness or as a significant inflationary factor, national authorities
may wish to avoid depreciation of the domestic currency below its initial
value. The disturbance introduced in runs reported here yields a free-mar-
ket tendency for appreciation. Thus, no intervention is necessary ‘to avoid
- depreciation; the s1mu1at10n result for this goal is identical to the free-float
result.
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Causing Appreciation or Depreciation

National authorities may seek currency appreciation, perhaps hoping to re-
duce inflationary pressures at home. The magnitude and speed of the de-
sired appreciation will vary with the goal. I model the behavior of national
authorities seeking a 9 per cent appreciation stretched out smoothly over
the ten-year simulation period. They compute the monthly rate of currency
appreciation necessary to achieve the total amount of appreciation desired
and set monthly exchange-rate targets accordingly. They interverie when
necessary to attain their target rate, provided intervention is legal. The
intervention will be in the form of a reserve purchase if the free-market
value of their currency would be above their target. It will be in the form
of a reserve sale if the market value would otherwise be below target.
Table 4 provides data on the simulation when authorities intervene in
this manner and are not subject to international regulation. Exchange rates

TABLE 4
INTERVENTION TO CAUSE APPRECIATION WITH NO REGULATION
: (dollar figures in billions)

VARIABILITY

No. of Changés
Average Exceeding
Variable ' RMS Value 1% per Month

Exchange rate :

(MSE = 0.000000) - 0.0791 ' 0.8763
Terms of trade - 0.2000 1.0344
Export orders 0.2784 $11.386
Import orders ’ © 0.2646 10.989+
Inflation rate 0.3067 10.1%
Government spending - .0.2363 ~ $40.590

ADJUSTMENT

Initial  Equilibrium ) Final
Value Value - Value

Exchange rate - . )
(ratio = 1.149)" - 0918 0.849 0.839
Inflation rate . 10.2% 10.2% 10.0%

RESERVE PURCHASES

Longest interval of one-way intervention 74 periods
Average monthly. reserve purchase ‘during that interval $379.0
Net reserve purchases during the entire run $ 56.9

2 In billions of ROW currency units.

* b Adjustment ratio = initial value — final value

initial value — equilibrium value
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move exactly along the targeted path, so that their MSE is zero and their
RMS is very low. The dollar’s value is actually below its free-market value

. for 90 of the 120 periods, because the target rate of appreciation is lower
than the free-market rate. (The average value of the dollar during this run
is approximately 3 per cent below that in the free-float run.) But in the last
two and a half years of the run, US authorities do have to buy their cur-
rency to keep its valué up to the targeted level. As the run ends, the dollar
is overvalued by approximately 1 per cent. The terms of trade, the inflation
rate, exports and imports, and government spending display more volatility
than in the free-float run, but there are still no dramatic fluctuations in any
of these variables.

Though such an effort would clearly conflict with international® adjust-
ment to the disturbance introduced in my simulation, officials might want
to intervene to cause depreciation of the home currency. To examine the
effectiveness of the alternative regulations in thwarting such efforts, I in-
clude this as a motive in one set of simulation runs. National authorities
compute the monthly rate of currency depreciation necessary to yield a 10
per cent depreciation over ten years and set monthly exchange-rate targets
accordingly. They intervene when necessary to attain their target rate, pro-
vided the intervention is legal. ,

Table 5 indicates performance when authorities seek depreciation with
no international regulations to limit their intervention. The exchange rate,
on the average, remains about 13 per cent above the free-float rate. As the

~ simulation ends, the dollar is undervalued by about 16 per cent and au-
thorities have spent almost $349 billion to purchase reserves. So this is a
case of substantial exchange-rate manipulation. Export orders are; on the
average, approximately 15 per cent higher with the artificially undervalued
dollar than under the free float; import orders average 12 per cent less.
Variability as measured by the RMS is higher for the terms of trade, for
export orders, and for domestic inflation than in any other unregulated
simulation. Table 5 shows that in four periods the level of export orders
changed by more than 1 per cent and in three periods the inflation rate
changed by more than 1 per cent. In all other unregulated runs, the vari-
ables changed less than 1 per cent in every period: u

" Leaning against the Wind

Well-intentioned national authorities may try to smooth the path of adjust-
ment to any shock by “leaning against the wind.” This phrase refers to
intervention for the purpose of slowing rate change in either direction. To
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TABLE 5 .
INTERVENTION TO CAUSE DEPRECIATION wITH NoO REGULATION
(dollar ﬁgures in bzllwns)

VARIABILITY

. " No. of Changes
. o Average Exceeding
Variable RMS Value 1% per Month
Exchange rate . -
(MSE = 0.000000) 0.0791 '0.9624
Terms of trade ‘ 0.2387 0.9549
Export orders ) .0.4140 ) $12.627
Import orders k 0.1725 10.125=
Inflation rate 0.3381 . 10.3%
Governmént spending - . 0.1917 + $39.499

ADJUSTMENT

" Initial : Equilibrium Final
Value - Value. - Value

Exchange rate . :
(ratio = —1.255)b 0.918 . - 0.849 1.005
Inflation rate 10.2% 102% 10.4%

RESERVE PURCHASES

' Longest interval of one- way intervention ) 120 periods
Average monthly reserve purchase during that interval . $ 29
Net reserve purchases during the entire run . $348.9

a In billions of ROW currency units.
" initial value —-final value -

& Adjustment ratio = . A
s initial value — equilibrium value

‘simulate such behavior, I model national authorities who intervene when-
‘ever free-market forces tend to move the exchange rate more than 0.5 per
cent in one month (unless the movement is in the opposite direction from
the change in the preceding, month) Reserves are purchased or sold as
necessary to reduce the change in the exchange rate to half what it would
have been in the free market. S

Without regulation by international authorities, this intervention strategy
results in’ the simulation described in Table 6. While the exchange rate at
the end of the run is not significantly different from its free-float value or
its equilibrium value, the path of adjustment is smoothed by the interven-
-tion. Both the MSE and the RMS for the exchange rate are lower here than
under the free float. But the terms of trade are more volatile than in the
free float, as are exports, lmports and the inflation rate. The last column
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; TABLE 6 -
. . INTERVENTION TO LEAN AGAINST THE WIND WITH NO REGULATION
’ ' (dollar figures in billions) :

VARIABILITY *

No. of Changes .
) _ Average Exceeding
Variable RMS - Value 1% per Month
Exchan ge L'ra‘te ‘ ' .

o (MSE "= 0.000002) - 0.1691" : © . 0.8542 0
Terms of trade : -0.0727 - . 10556 -0
Export. orders 0.2085 - - $11.048 0
Import orders 0.2061 11.252¢ 0
Inflation rate -0.1110 10.0% 0
Government spending 10.223¢ . . $40.973 0

) ADJUSTMENT

Initial - - Equilibrium =~ * Final~

Value . Value . “ Value
Exchange rate ‘ R ‘ : : :

(ratio .= 1.015)> . - 0918 0.849 S . .0.848
Inflation rate 10.2% 10.2% 10.2%
‘ RESERVE PURCHASES

Longest interval of one-way intervention . 10 périods_
Average monthly reserve purchase during that interval $ 1.2
Net reserve purchases during the éntire run ) - $11.7

2 In billions of ROW currency units.

> Adjustment ratio = initial value — final value

initial value — equilibrium value

under ° varlablhty in Table 6 shows, however _that abrupt change is not a
problem for any varlable :

Summa ry

In the simulations discussed so far there is no regulation. of intervention.

~ In each case, intervention, regardless of its goal, reduces both the MSE.

and the RMS- of the nominal exchange rate from its free-float level. With

intervention, however, the terms of trade show greater volatility than un-

~ der the free float, and this results in more volatility of export and 1mp0rt
orders.! -

1 When ‘the purpose of .intervention is to cause depreciation, import orders show a lower
RMS than in the free float, but the RMS of export orders increases greatly over the one in
the free-float run.
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Looking at the two domestic economic variables reported, the inflation
rate varies least under the free float and most when authorities intervene
to cause depreciation. The average inflation rate is also highest in the latter
run. It is lowest in the free-float and leaning-against-the wind runs. Gov-
ernment spending varies least when authorities seek depreciation and most
when appreciation is the goal. The average level of government expendi-
tures is lowest when authorities seek depreciation and highest under the
free float. The undervalued currency increases exports and boosts import-
substitute industries, so that achieving the real-growth-rate target requires
less stimulus from fiscal policy. :

The simulation results reported thus far support arguments for a free
float. I thmk it fair to say that none of the intervention strategies modeled
results in general improvement over the free-float run. (Admittedly, I have
modeled only one sort of shock and cannot say that the result would always
be the same.) But intervention may benefit certain groups. Thus, even if a
free float is best, it may not be politically feasible. For that reason, I analyze
the effectiveness of alternative international regulations to limit interven-
tion.
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5 REGULATIONS

“The regulations that have been proposed to limit intervention in the
foreign-exchange market reflect various approaches. The following regula-
tions, which are representative of those approaches, have been built into
the simulations reported below: '

1. A ceiling on the volume of intervention allowed per period.
2. A limit on the duration of one-way intervention. ,
3. A requirement that a country’s reserves be reconstituted over some
time interval. v
-4. ‘The “reference rate proposal.”
Limiting Volume per Period
Mikesell and Goldstein (1975) proposed a ceiling on the volume of inter-
vention per period. They suggested that some undesirable national inter-
vention in the foreign-exchange market could be prevented by a regulation
that would “limit the volume of intervention in either direction within a
. given period, say a month” (p. 5). But they did not say how much inter-
vention should be permitted. My ceiling of $300 million per month (in 1970
dollars) is therefore entirely arbitrary.!
After describing the results when the ceiling is imposed on each of the
_intervention strategies, I draw general conclusions.

Intervention to peg the exchange rate. Comparison of Tables 7 and 3
shows that when the authorities attempt to peg the exchange rate, the
ceiling on volume reduces net reserve purchases substantially from their
level in the unregulated run (from $181.9 billion to $2.0 billion). It forces
national authorities to accept exchange-rate adjustment, so that the real
sector bears less of the adjustment burden. The MSE and RMS for the
exchange rate increase, of course. But for the terms of trade, exports, and
imports, variability is reduced by the regulation. As would be anticipated,

. 1 To incorporate a ceiling into the model, statements are added to check whether the amount
of intervention desired by national authorities (as determined by thé goal of national authori-
ties in that period) exceeds the ceiling. If it does not, the authorities can intervene in the
planned amount. If it does, the authorities are required to reduce their intervention to the
ceiling level, and equation (32) must be re-solved with that ceiling level of intervention in-
cluded in order to determine the exchange rafe.
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‘TABLE 7 :
INTERVENTION TO PEG THE RATE WITH A CEILING ON INTERVENTION
(dollar figures in billions)

VARIABILITY

. o No. of Changes
) . Average Exceeding *
Variable - °  RMS © Value ~ 1% per Month
" Exchange rate o ‘ - '

(MSE =0.000004) . 0.2250 0.8500 ° 0
Terms of trade» . ~ .. 0.0102 1.0600 0
Export orders , 0.1953 S $10.987 0
Import orders . 0.2012 . 11.302= | 0
Inflation rate - 0.0158 i 10.0% 0
Government spending . 0.2249 ~ 841.037 0

ADJUSTMENT
Initial ' Equilibﬂum : Final
Value _ Value Value
Exchange rate ‘ o
(ratio = 1044 - 0.918 | 0.849 '_ 0.846
Inflation rate ) 10.2% - .10.2% 10.2% .
. ' RESERVE PURCHASES )
Longest interval of one-way intervention o 94 periods
Average monthly reserve purchase during that interval ] ~$0.025
Net reserve purchases during the entire run : ) $2.0

= In billions of ROW currency units.

> Adjustment ratio = _ initial value — final value

initial value — equilibrium value

the dollar appreciation (which was thwarted without the ceiling on inter-
vention) reduces export orders and increases import orders. Domestically,
~ the inflation rate varies much less with the ceiling and is 0.2 percentage
points lower on the average. Government spending shows only slightly in-

. creased variability and is higher with the ceiling.

The overall. impact of imposing the ceiling on volume is clearly positive
in the context of the particular disturbance studied. In fact, although the-
unregulated peg was judged inferior to the free float, imposition of the
ceiling yields MSE and RMS figures that are better than under the free
float for every variable reported, and the adjustment ratio is not much
Wworse. : :

“Intervention to achieve currency appreciation. Comparlson of Tables 8
and 4 shows that when the authorities want to achieve currency apprecia-
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. TABLE 8
INTERVENTION TO CAUSE APPRECIATION WITH A CEILING ON INTERVENTION
’ " (dollar figures in billions)

VARIABILITY

No. of Changes
co Average Exceeding
Variable RMS Value 1% per Month =

Exchange rate )

(MSE = 0.000004) 0.2323 ~ 0.8585
Terms of trade 0.0512 1.0513
'Export orders ‘ 0.1985 " $11.131
Import orders : - 0.2132 11.186¢

* Inflation rate 0.0540 10.0% -
Government spending - 0.2259 $40.869-

" 'ADJUSTMENT

Initial . Equilibrium Final
Value © " Value - Value

Exchange rate .
(ratio .= 1.148) : 0918 0.849 v 0.839 .
Inflation rate 10.2% : 10.2% 10.0%

RESERVE PURCHASES

Longest interval of one-way intervention i : 81 periods «
Average monthly reserve purchase during that mterval i . $ 0.289
Net reserve purchases during the entire run ) $18.5

2 Tn billions of ROW éurrericy units.

b Adjustment ratio = initial value — final value

initial value — equilibrium value

tion, the ceiling on volume yields improvement over the unregulated case.
Though the MSE and RMS for the exchange rate increase when the au-
~ thorities can no longer maintain their desired path of appreciation, the var-
* iability of the terms of trade, exports, and imports is substantially reduced.. -
~ The same is true for inflation and government spending. At the end of the
run, the nominal exchange rate is at'the same level as in the unregulated
run, but intervention is one-third as high.
Intervention to achieve currency depreciation. The ceiling on volume has
a dramatic impact when intervention is aimed at achieyving depreciation.
“Comparison of Tables 9 and 5 shows that reserve purchases with the ceiling
are about one-tenth as large as without regulation. Furthermore, the ad-
justment ratio is no longer negative. The' exchange rate moves in the ap-
propriate direction, when the intervention ceiling is enforced and, at 0.861,
“is not far from its equilibrium value. Exchange-rate variability increases
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TABLE 9
INTERVENTION TO CAUSE DEPRECIATION WITH A CEILING ON INTERVENTION
(dollar figures in billions)

VARIABILITY
No. of Changes -
Average Exceeding
Variable RMS Value 1% per Month
Exchange rate ‘

(MSE = 0.000004) - - 0.2277 0.8630 0
Terms of trade 0.0328 1.0462 0
Export orders e 0.2163 $11.183 0
Import orders 0.1891 11.143: 0
Inflation rate 0.0430 10.0% 0
Government spending 0.2205 $40.848 0

ADJUSTMENT.
Initial Equilibrium Final
Value Value Value
Exchange rate

(ratio = 0.826)> 0.918 0.849 0.861

Inflation rate 10.2% 10.2% : 10.2%
RESERVE PURCHASES

Longest interval of one-way intervention 120 periods

Average monthly reserve purchase during that interval : $ 0.298

Net reserve purchases during the entire run ) $35.7

s In billions of ROW currency units.

b Adjustment ratio = initial value — final value -

initial value — equilibrium value

with the ceiling regulation, no longer following a smooth linear path, but
the terms of trade and exports are much more stable. There are no longer
any periods in which export orders change by more than 1 per cent and
the RMS drops from 0.4140 to 0:2163. Import orders, very stable in the
unregulated run, do show slightly increased variability. Domestically, the
average inflation rate falls, -and its RMS drops from 0.3381 to 0.0430. Gov-
ernment spending and its RMS rise. Looking at Table 9 as a whole, I con-
clude that the ceiling on volume is highly effective in preventing the ex-
change-rate manipulation described in Table 5. At the same time, it reduces
the magnitude and abruptness of change in the domestic and international
economies. .

Intervention to lean against the wind. Imposition of a ceiling on volume
on an intervention strategy of leaning against the wind results in a drop in
net reserve purchases from $11.7 billion to $3 billion (compare Tables 10 -
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TABLE .10
INTERVENTION TO LEAN AGAINST THE WIND WITH A CEILINC ON INTERVENTION
(dollar figures in billions)’

VARIABILITY

No. of Changes
‘ - Average Exceeding
Variable RMS - Value 1% per Month

Exchange rate

(MSE 0.000004) 0.2278 0.8499
Terms of trade 0.0178 1.0598
Export orders 0.1978 $10.991
Import orders - 0.2002 -11.299
Inflation rate 0.0281 : 10.0%
Government spending 0.2244 $41.035

ADJUSTMENT

Initial Equilibrium Final
Value Value : Value

Exchange rate ‘ )
(ratio = 1.029)> = 0.918 . 0.849 s 0.847
Inflation rate 10.2% , 10.2% 10.2%

RESERVE PURCHASES

Longest mterval of one-way intervention . 10 periods
Average monthly reserve purchase during that interval _ $0.3
Net reserve purchases during the entire run . L $3.0

s In billions of ROW currency units.
initial value — final value

b Adjustment ratio =

initial value — equilibrium value

and 6). The exchange rate varies more (MSE and RMS values both in-
crease), but as the run ends it is not significantly different. The terms of
trade, exports, and imports vary less, but their average levels are little
different. Domestically, the inflation rate is more stable when the ceiling
is imposed, but government spending varies to about the same degree.
Neither changes substantially in size.

Summary. The cellmg on volume works satisfactorily no matter which
intervention strategy is modeled. Its impact is most dramatic when the
authorities seek to depreciate their currency despite market forces pushing
in the other direction. In that instance, the ceiling is highly effective in
limiting exchange-rate manipulation. In the other runs, the ceiling consis-
tently forces the nominal exchange rate to bear more of the adjustment.
burden, reducing the variability of the terms of trade, exports, and imports.
The internal economy generally appears a little more stable, too. Never
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does the ceiling operate unsuccessfully from the standpoint of one con-
cerned with smooth internal and external economic ad]ustment

Limiting the Duration of One-Way Intervention:

The second regulation, limiting the duration of intervention by national
authorities in any one direction, was also suggested by Mikesell and. Gold-
stein (1975), as well as in International Monetary Fund documents. The
Second Amendment of the Articles of Agreement of the IMF, which be-
came effective on April 1, 1978, made legal “exchange arrangements of a
member’s choice” (Art. IV, Sec. 2(b)), and for the major industrialized
countries that choice has proved to be a managed float. The same amend-
ment also stated, however: S

The Fund shall exercise firm surveillance over the exchange rate policies of mem-

bers, and shall adopt specific principles for the guidance of all members with
respect to those pohcles (Art. IV, Sec. 3(b))

In 1977, the Executive Board approved a set of principles to guxde fund
surveillance: :
the fund shall consider the following developments as among those which
mlght indicate the need for discussion with a member:
(i) protracted large-scale intervention in one direction in the exchange market;

(ii) an unsustainable level of official or quasi-official borrowing, or excessive and
prolonged short term official or quasi-official lending, for balance of payments

purposes.

The words “protracted” and “prolonged” in the IMF document indicate
concern over the duration of intervention in one direction. »

Similar concerns had earlier led Mikesell and Goldstein (1975, p. 5) to

. propose a requirement that “net reserve changes in a given direction could

not persist for more than three consecutive months.” I impose a six-month
limit on the duration of intervention in one direction. If desired interven-
tion in period I is in the same direction as actual intervention in the pre-
ceding six months; intervention must be zero in period I. (If the direction
of intervention has varied or been zero in any one of the preceding six
periods, there is no restriction of any sort in period I.)

When this rule is imposed, simulation results vary with the 1ntervent10n
strategy of national authorities. S

Intervention to peg the exchange rate. Comparison of Tables 11 and 3
reveals the impact of the six-month limit on one-way intervention. With
the ir;tégvention limit, the exchange rate varies, whereas in the unregulated
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TABLE 11
INTERVENTION TO PEG THE RATE WITH A LIMIT.ON THE DURATION
- OF INTERVENTION
(dollar figures in billions)

VARIABILITY
No. of Changes
: . Average Exceeding
Variable RMS Value } 1% per Month
Exchange rate , : o ‘ '
(MSE =.0.000002) 0.1636 0.8879 1
Terms of trade .0.2354 1.0222 0
- Export orders” ©0.2834 $11.548 0.
Import orders 0.2286 - 10.862¢ 0
Inflation rate 0.3630 ) 10.2% 0
Government spending ~~  0.2267 $40.462 0
ADJUSTMENT
Initial Equilibrium - Final
Value : - Value- R T Value
Exchange rate _ ' .
(ratio = 0.710)® ‘ 0.918 ' '0.849 0.869
Inflation rate o 10.2% ] 10.2% ‘ 10.1%
' 4 o RESERVE PURCHASES ‘ '
) Longest interval of one-way intervention A6 periods
Average monthly reserve purchase during that interval : ’ $ 3.0
Net reserve purchases during the entire run . - ‘ $92.3

-2 In billiohs of ROW currency units.
)  initial value — final value

b Adjﬁstment ratio '=.

: - initial value- — equilibrium value
run it was fixed by intervention throughout the simulation. With the limit,
the largest single monthly change is 1.4 per cent. The limit clearly restricts
intervention (net reserve purchases are reduced from $181.9 billion to $92.3
billion). The exchange rate, at the simulation’s end, has moved 71 per cent -
of the way toward. its new equ111br1um and is now bearing part of the ad-
justment burden. Even so, the variability of the terms of trade, imports,
the inflation rate, and government purchases increases slightly. Only ex-
ports become more stable. The monthly exchange-rate movement shown
in Figure 2 reveals a step pattern that,. though not abrupt, does not pro-
mote smooth adjustment in the real variables reported.

Intervention to cause appreciation. Once again, the “intervention -limit
increases the magnitude and abruptness of exchange-rate change. Compar-
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FIGURE 2

THE EXCHANGE-RATE PATTERN WITH INTERVENTION TO PEG THE RATE AND A LIMIT ON
THE DURATION OF INTERVENTION
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ison of Tables 12 and 4 shows higher MSE and RMS values for the exchange
rate in the regulated case, though the final exchange rates are virtually
identical. Furthermore, the frequency of exchange-rate changes in excess
of 1 per cent per month increases from 0 to 2. These figures would not
necessarily indicate inferior performance if real variables showed increased
stability. But we find that the volatility of the terms of trade also increases,
while exports and imports show only slightly reduced RMS values. The
inflation rate becomes significantly more volatile with the intervention limit,
and government spending varies a little more. Thus, the regulation results
in generally inferior performance with this intervention goal.
Intervention-to cause depreciation. The limit on the duration of interven-
tion has its most dramatic impact when the goal of intervention is to cause
depreciation. Comparison of Tables 13 and 5 shows that the MSE for the
exchange rate increases from 0.000000 in the unregulated run to 0.000008.
The RMS for the exchange rate increases from.0.0791 to 0.4235. Figure 3
‘shows the pattern formed by the exchange rate as the regulation prevents
intervention every seventh period. Yet the added instability is not accom-
panied by any significant reduction in currency manipulation. The ex-
change-rate adjustment ratio in Table 13 shows that, when the run ends,
the exchange rate has been pushed by intervention away from its new equi-
librium, just as in the unregulated case. As the exchange rate follows a
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TABLE 12

INTERVENTION TO CAUSE APPRECIATION WITH A LIMIT ON THE DURATION
OF INTERVENTION
(dollar figures in billions)

VARIABILITY
No. of Changes
, Average Exceeding
Variable RMS Value 1% per Month
Exchange rate A .

(MSE = 0.000003) 0.1982 . 0.8761 2
Terms of trade 0.2700 ' 1.0346 1
Export orders : 0.2777 $11.382 0
Import orders 0.2641 10:991= 0
Inflation rate 0.4075. 10.1% 2
Government spending 0.2409 ) $40.594 0

ADJUSTMENT .
Initial Equilibrium Final
Value Value Value
Exchange rate .
(ratio = 1.148)° 0.918 0.849 0.839
Inflation rate . 10.2% 10.2% 10.0%
RESERVE PURCHASES )
Longest interval of one-way intervention " 6 periods
Average monthly reserve purchase during that interval " 835
Net reserve purchases during thé entire run : $56.3

2 In billions of ROW currency units.

b Adjustment ratio = initial value — final value

initial value + equilibrium value

more erratic path, so do the termms of trade, with an RMS that has more
than doubled. The RMS for inflation approximately doubles as the inflation
rate changes by more than 1 per cent in five months of the run. Although
RMS values for exports and imports do not change significantly, govern-
. ment spending is a little more erratic. Thus, the duration limit performs
poorly once again. : |
Intervention to lean against the wind. Even in the unregulated run re-
ported in Table 6, intervention to lean against the wind does not substan-
tially change the free-float results. It is therefore not surprising that the
imposition of a limit on the duration of intervention has little impact with
this intervention goal. As Table 14 shows, the exchange rate becomes some-
what more erratic but is little different at the end of the run from that in
the unregulated case. The RMS for the terms of trade, the inflation rate,
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TABLE 13
INTERVENTION TO CAUSE DEPRECIATION WITH A LIMIT ON THE DURATION
OF INTERVENTION
(dollar figures in billions)

VARIABILITY
No. of Changes
o Average Exceeding
Variable . RMS Value 1% per Month
Exchange rate }
(MSE = 0.000008) 0.4235 - 0.9614 2
~Terms of trade 0:4796 0.9558 1
Export orders 0.4122 $12.611 4
Import orders : -0.1723 10.1352 0
Inflation rate 0.6758 10.3% 5
Government spending 0.2201 . $39.514 0
ADJUSTMENT
Initial Equilibrium - Final
Value Value : Value
Exchange rate o
(ratio = —1.234) 0.918 0.849 1.003
Inflation rate 10.2% .10.2% 10.4%
RESERVE PURCHASES
Longest interval of one-way intervention ‘ 6 periods
Average mionthly reserve purchase during that interval = - ) $ 4.9
Net reserve purchases during the entire run : $344.2

* In billions of ROW currency units.
initial value — final value

b Adjustment ratio = .
initial value — equilibrium value

exports, and imports is slightly reduced, while the RMS for government
spending is unchanged. Net reserve purchases over the run fall by about
41 per cent. Thus, the duration limit on intervention may constitute an
improvement over the unregulated case in this mstance but the improve-
ment is-certainly not substantial. '

Summary. The performance of the regulation limiting the duration of
one-way intervention in simulations of alternative intervention strategies
forces me to conclude that-this is an unsatisfactory regulation. Its perform-
ance is worst when it is needed most. If currency manipulation is substan-
tial, a sudden end to it after six months necessarlly compels a large change
in the exchange rate. This is most apparent when the intervention goal is
currency depreciation in:the face of market forces for appreciation. Figure
3 shows the path of exchange rates in that run. Of course, it is possible that
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FIGURE 3

THE EXCHANGE RATE PATTERN WITH INTERVENTION TO CAUSE DEPRECIATION AND A
LiMIT ON THE DURATION OF INTERVENTION
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national authorities subject to such a regulation would adopt a practice of
gradually phasing out intervention prior to the month in which the limit
took effect In that case, erratic rates should be less of a problem.

. Requiring Reconstitution of Reserve Position

. Another alternative derived from the work of Mikesell and Goldstein (1975) -
is that “monetary authorities might be required to restore their original
reserve position within a reasonable period of time or at least move strongly
in that direction” (1975, p. 5). The a'uthOrs do not suggest any'particular
time period as “reasonable.” ' '

I specify a version of this proposal which requires that the net reserve
change be $1 billion or less at least once every two years and that corrective'
dction be initiated whenever the net change in the reserve position of a
" country has not been as low as $1 billion at some point in the preceding
twelve months The corrective action undertaken monthly 'must be suffi--
cient to brlng the net reserve change down to $1 billion by the end of the.
second year. This is the only regulation examined in this Study that would -
ever require’ interVen’tion In that respect, it does not belong here. Tts
_ purpose, however, is to limit 1ntervent10n and in that sense it. does quahfy

for consideration. : . .
~ The monetary authorities of a nation would not be hkely to get them-
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TABLE 14
INTERVENTION TO LEAN AGAINST THE WIND WITH A LIMIT ON THE DURATION

OF INTERVENTION
(dollar figures in billions)

. VARIABILITY

No. of Changes
Average Exceeding
Variable RMS. Value 1% per Month

Exchange rate
(MSE = 0.000003)  0.2083 0.8518
“Terms of trade : 0.0623 1.0578
Export orders 0.2002 $11.017
~ Import orders 0.2012 - 11.278
Inflation rate 0.0927 10.0%
Government spending 0.2234 $41.007

ADJUSTMENT

Initial . :Equilibrium Final
Value Value Value

Exchange rate
(ratio = 1.029) 0.918 0.849 0.847
Inflation rate . '10.2% 10.2% ) 10.2%

RESERVE PURCHASES

Longest interval of one-way intervention 6 periods
Average monthly reserve purchase during that interval $1.1
Net reserve purchases during the entire run ) $6.9

= In billions of ROW currency units.
initial value — final value

b Adjustment ratio = .
: initial value — equilibrium value

selves into a situation in which such a regulation, if imposed, would be
binding. If it became binding, officials might be forced to intervene in the
direction opposite to that desired. It seems more likely that intervention
under this regulation would reflect the deterrent effects of the regulation
rather than its direct.effects. So instead of modelmg the regulation itself, I
model those deterrent effects.

I assume that monetary authorities will act as follows: (1) Estimate the
amount of intervention required to achieve the country’s exchange-rate goal.
(2) Calculate the maximum amount of intervention, MAX; that would be
permitted before the country reached the limit set by the regulation. (3) If
the desired amount of intervention in the current month is smaller than
0.5 MAX, intervene as desired. If not, intervene in an amount equal to 0.5
MAX in the desired direction. In following such guidelines, authorities would
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TABLE 15

OF RESERVES
(dollar figures in billions)

ensure, first, that the regulation would never force them to intervene in
the direction opposite to that desired and, second, that they could always
intervene in the next month in an amount as large as in the current month.2

Simulation results confirm that if the authorities respond to the reconsti-
tution rule as thus envisioned, it exerts a very powerful limit on.interven-
tion. I examine the rule’s impact with each intervention goal.

Intervention to peg the exchange rate. Table 15 presents summary statis-
tics for the run in which national authorities, wishing to peg their exchange
rate, find themselves subject to the reconstitution regulation. Table 15 shows
a higher MSE and a higher RMS for the exchange rate, as the desire to peg

* INTERVENTION TO PEG THE RATE WITH REQUIRED RECONSTITUTION

VARIABILITY
' ] No. of Changes
Average Exceeding
Variable RMS .. Value 1% per Month
Exchange rate :

(MSE = 0.000004) . 0.2452 ] 0.8480 0
Terms of trade 0.0382 .. 1.0613 0
Export orders ’ 0.2024 " $10.967 0 -
Import orders 0.2010 11.319= 0
Inflation rate 0.0577 10.0% 0
Government spending 0.2250 $41.064 Y

ADJUSTMENT
Initial Equilibrium Final
Value Value Value
Exchange rate .

(ratio =:1.015)° 0.918 . 0.849 0.848

Inflation rate 10.2% 10.2% 10.2%
RESERVE PURCHASES

Longest interval of one-way intervention 36 periods

Average monthly reserve purchase during that interval $0.02

Net reserve purchases during the entire run . —-$0.2

a In billions of ROW currency units.

b Adjustment ratio = initial value — final value

initial value — equilibrium value

2 This rule would have them approach the limit asymtotically if they desired to intervene
month after month. :
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is thwarted, than in-Table 3, with-no regulation. But the variability is not
even as great as in the free-float run (Table 2). The variation reflects move-
ment.toward the new equilibrium rate, as indicated by the adjustment ratio
of 1.015 and the reduction -of net reserve,purchases from $181.9 billion to .
—$0.2 billion. There are substantial gains in stability for the terms of trade,
exports, and, to a lesser extent, imports. Internally, the inflation rate is
more stable, though'government spending varies a little more.
Interventwn to cause apprecmtlon When the.authorities want to cause .
an’ apprematlon the reconstitution regulation again increases the MSE and

RMS for the exchange rate. Net reserve purchases over the course of the

run are reduced by the regulation from $56.9 billion to — $1 billion, though
the final exchange rate is not much different from that in the unregulated
case (see Table 4). Every variable reported in Table 16 except the exchange

- TABLE 16
INTERVENTION TO CAUSE APPRECIATION WITH REQUIRED RECONSTITUTION
OF RESERVES
“(dollar figures in billions)

VARIABILITY
No. of Changes
: : . Average Exceeding
Variable ' RMS Value . 1% per Month
Exchange rate ‘ o '
(MSE = 0.000005) 0.2460 0.8485 0
. Terms of trade 0.0407 1.0613 0
Export orders 0.1967 $10.974 0
Import orders 0.2061 11.3132 0
Inflation rate ' 0.0626 10.0% 0
Government spending ..  0.2265 $41.048 0
' ' ADJUSTMENT
Initial Equilibrium ) Final
Value : Value Value
Exchange rate ° ’ : : :
(ratio = 1.087)° 0.918 0.849 0.843
Inflation rate - 10.2% - 10.2% i 10.2%
' RESERVE PURCHASES
Longest interval of one-way intervention » ' : 15 periods
Average monthly reserve purchase during that interval R ’ -$0.1
Net reserve purchases during the entire run i g -31.0

@ In billions of ROW currency units.
initial value — final va]ue

b AdJustment ratio =

initial value — equilibrium value
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rate shows increased stability as a result of the reconstitution regulation.
This indicates that the nominal exchange rate is bearing more of the burden
. of adjustment than in the unregulated case. ‘
_Intervention to cause depreciation. The reconstltutlon regulation is highly
effective in reducmg the ability, of national authorities to push the exchange
rate away from equilibrium. Table 17 shows that. the adjustment ratio is
1.029 in this run, while it, was —1.255 in the unregulated run (Table 5).
Reserve purchases over the run- fall from $348.9 billion to $1 billion. The
exchange rate, no longer followmg the smooth path engineered by unreg-
ulated official intervention, is more. erratic. Imports show a very small in-
“crease in variability. But the terms of trade and exports follow a much
smoother path. Domestically, the inflation rate varies substantially less un-
der the reconstitution requirement, while government spending varies just

TABLE 17
INTERVENT]ON TO, CAUSE DEPRECIATION WITH REQUIRED RECONSTITUTION
OF RESERVES
(dollar figures in billions)

VARIABILITY

No..of Changes
’ S Average Exceeding
Variable RMS Value 1% per Month
Exchange rate - E : .

(MSE = 0.000004) 0.2455 0.8490 0
Terms of trade 0.0376 - 1.0608 0
Export orders. -~ 0.2006 $10.978 0
Import orders 0.2024 . 11.310° 0
Inflation rate 0.0582 : © 10.0% 0
Government spending - 0.2256 - $41.049 0

ADJUSTMENT =
Initial " Equilibrium . * Final
Value Value - Value
Exchange rate Lo . v
(ratio = 1.029) 0918 . 0849 o 0.847
Inflation rate 10.2% B 10.2% ) 10.2%
RESERVE PURCHASES ’
Longest mterval of one-way intervention " *. - Co 16 periods .
Average monthly reserve purchase during that interval - . $0.06
Net reserve purchases during the entire run’ ) -..81.0°

» In billions of ROW currency units.

b Adjustment ratio = initial value — final value -

initial value — equilibrium value
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a little more: So this run shows dramatically reduced exchange-rate manip-
‘ulation, resulting in a smoother adjustment to an external shock.
Intervention to lean against the wind. Table 18 shows that when the
strategy is to lean against the wind, the reconstitution regulation reduces
et reserve purchases from approximately $11.7 billion (see Table 6) to $1
billion, letting the nominal exchange rate vary more with market forces.
The final exchange rate 'is not significantly different with the regulation,
however. The terms of trade move more smoothly, with slight reductions
in export and import variability. The inflation rate is less erratic, but vari-
ability in government spending is increased by a negligible amount.
Summary. The requirement that the authorities reconstitute their re-
serve position every two years appears to be a good one. This assumes, of
course, that the authorities respond prospectively to the regulation, rather

) - TABLE 18
INTERVENTION TO LEAN AGAINST THE WIND WITH REQUIRED
RECONSTITUTION OF RESERVES
(dollar figures in billions)

VARIABILITY
. No. of Changes
Average Exceeding
Variable RMS . Value 1% per Month
Exchange rate
(MSE = 0.000004) 0.2451 0.8490 0
Terms of trade 0.0375 -1.0610 0
Export orders 0.2005 $10.978 0
Import orders 0.2022 11.310° 0
Inflation rate 0.0582 10.0% 0
Government spending 0.2256 - $41.049 0
ADJUSTMENT
Initial Equilibrium Final
Value Value . Value
Exchange rate ) .
(ratio = 1.029)° 0.918 ‘ 0.849 0.847
Inflation rate 10.2% - 10.2% : 10.2%
: RESERVE PURCHASES
Longest interval of one-way intervention . . . 10 periods
Average monthly reserve purchase during that interval ) $0.1
Net reserve purchases during the entire run $1.0

2 In billions of ROW currency units.

b Adjustment ratio = initial value — final value

initial value — equilibrium value
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than having to engage in reconstitution after exceeding the limit. In each
of the four runs, the summary statistics indicate that performance is as good
or better than in the corresponding unregulated run. The reconstitution
requirement is clearly effective in preventing the currency manipulation
that occurs when the authorities want to peg the exchange rate or make it
appreciate or depreciate consistently. And-it prevents the manipulation
without significant negative impact on the stability of ‘variables other than
the nominal exchange rate. The nominal exchange rate will generally be
more erratic when intervention can no longer keep it on a planned path.

The Reference-Rate. Proposal

Finally, the “reference rate proposal” of Ethier and Bloomfield (1975) re-
quires that countries, by common consent, define a reference exchange
rate. That reference rate should “constitute, in effect, a statement by the
central banks of their collective view regarding the equilibrium structure
of exchange rates” (Ethier and Bloomfield, 1975, p. 10). These authors in-
itially suggest periodic négotiation among central bankers as one feasible
way to arrive at estimates of the equilibrium exchange-rate structure over
time, but later they propose that the IMF be given the task of consulting
with members in order to define the equilibrium exchange-rate structure.
Once the system is established, the members-might choose to use some
system of objective indicators to define the reference ‘rate automatically,
eliminating the need for an international group to consider the issue.

It is not possible to model the negotiating process proposed by Ethier
and Bloomfield as one approach to défining reference rates. It is feasible,
however, ‘to include an objective indicator to define a reference rate for
each period. The approach I employ is effectively the “crawling reference
rate” suggested by Ethier and Bloomfield:

A wei‘ghte'd' average of past market exchange rates could be used to obtain a

‘provisional value of the new reference rate, and this provisional value could then

be adjusted upward or downward, as indicated by reserve changes, to obtain the
.actual value of the new reference rate (Ethier and Bloomfield, 1975, p. 15).

Using the combination of previous exchange rates and reserve changes to
arrive at the reference rate reflects recognition that exchange rates in pre-
vious periods may have been distorted by national intervention in the mar-
ket.” : ‘ ' ' :

‘Ethier and Bloomfield do not indicate which “past market exchange rates”
should be used. I define the reference rate using a six-month moving av-
erage of actual ‘exchange rates. Similarly, when Ethier and Bloomfield sug-
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gest that the provisional value of the reference rate “be adjusted upward
or downward, as indicated by reserve changes” (1975, p: 15), they do not
indicate how far upward or downward. The impact of a reserve purchase of
x dollars on the exchange rate depends upon the volume of international
transactions per period and the elasticities associated with the supply and
demand relationships. To ‘approximate the typical effect of a reserve pur-
chase on the exchange rate, I use my model to compare the exchahge rate
that occurs in period I when there is no intervention with the rate that
results when intervention is positive or negative:

exchange rate with reserve  exchange rate with no
1| purchases equal tox  ~ reserve purchases

x ‘exchange rate with no reserve purchases

I then average ten such figures to arrive at an estimate of the typical impact
of a $1 million reserve change on the exchange rate in a typical period. The
estimate is 0.00145 per cent. Therefore, the reference rate for period 1 is

" REF () = (1.0 — 0.0000145 A) (é)iﬂM =y
' ‘ =1 e

where REF (I) is the reference rate for period I, RM(I) is the exchange rate
for period I, and A is the mean of reserve changes in the preceding six
periods. : : :

In addition _to establishing a reference rate, the Ethier and Bloomfield
proposal imposes upper and lower limits by designating a “certain fixed
percentage” above and below the reference rate beyond which reserve pur-
chases and sales are illegal. The authors do not suggest any particular value
for the “certain fixed percentage.” I set the upper and lower limits at 1.5
per cent above and below the reference rate. Thus, intervention is never
required by the reference-rate proposal and is, in fact, outlawed if it pushes
the exchange rate more than 1.5 per cent above or below the reference
rate. ) o

Intervention to peg the exchange rate.. Table 19 shows that when the
reference-rate regulation is. imposed on authorities seeking to peg their
exchange rate, their efforts are partially thwarted. The adjustment ratio for
the run changes from zero in the unregulated case (see Table 3) to 0.464
with the neference rate regulation. The exchange rate moves almost halfway
to its new equilibrium following the foreign price disturbance. Net reserve
purchases show a corresponding decline; they are about 55 per cent as large
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TABLE 19
INTERVENTION TO PEG THE RATE WITH. REFERENCE-RATE REGULATION
(dollar figures in btlhons)

VARIABILITY
" No. of Changes
) ) Average Exceeding
Variable ] RMS | : Value 1% per Month
Exchange rate . : ‘
~ (MSE = 0.000002) _ 0.1168 . 0.8882 0
. Terms of trade . 0.1506 1.0215 0
Export orders 0.2654 $11.546 0
Import orders 0.1876 10.861> 0
Inflation rate o 0.2296 10.1% 0
. Government spending - 0.2124 . $40.491 0.
’ ‘ ADJUSTMENT »
Initial " Equilibrium } Final
Value Value . Value
Exchange rate - o
(ratio = 0.464)" . 0:918 0:849 . 0.886
. Inflation rate B 10.2% . 10.2%: 10:2%
' : RESERVE PURCHASES '
: Longest mterval of one-way intervention - . 105 periods -
Average monthly reserve ‘purchasé during that 1nterva] . %07
Net reserve purchases during the entire run . $99.7

= Inbillions of ROW cufreni:);‘ units.
| initial value — final value

b Adjustment ratio = .
: ‘ ‘initial value —- equilibrium value

~ here as with no regulation. Because the nominal exchange rate bears more
of the adjustment burden, it is not surprising that volatility as measured by
‘the RMS is. reduced for each varlable reported both international and do- ‘
mestic. Lo :
Intervention to-cause apprecidtion. Even when the reference-rate regu-
lation is imposed on authorities seeking to cause appreciation, thé nominal
~ exchange rate at the end of the run is precisely the same as with no regu-
lation and is not far from the equilibrium value (compare Tables 20 and- 4). -
But the regulation does have some impact. Net reserve purchases decline
approximately 9 per cent. The MSE and RMS for the exchange rate rise
slightly, while volatility declines for all other variables reported in Table
20, both international and domestic. This suggests.that, as the exchange
rate responds more to market forces real varlables bear a smaller adjust-
~ment burden. :
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TABLE 20
INTERVENTION TO CAUSE APPRECIATION WITH REFERENCE-RATE REGULATION
(dollar figures in billions)

VARIABILITY

: No. of Changes
Average Exceeding

Variable RMS Value 1% per Month
Exchange rate
(MSE = 0.000002) 0.1493 0.8739 0
Terms of trade - 0.1725 1.0365 0
Export orders 0.2414 $11.353 0
Import orders 0.2403 11.013= 0
Inflation rate . 0.2458 10.2% 0
Government spending . - 0.2278 $40.626 0
ADJUSTMENT
Initial Equilibrium Final
Value Value _ Value
Exchange rate '
(ratio = 1.149) 0.918 0.849 . 0.839
Inflation rate 10.2% 10.2% ) 10.0% -

RESERVE PURCHASES

Longest interval of one-way intervention i Rt 78 periods
Average monthly reserve purchase during that mterval ‘ . $ 0.4
Net reserve purchases during the entire run ) $51.8

@ In billions of ROW currency units.

b Adjustment ratio = initial value — final value

initial value — equilibrium value

* Intervention to cause depreciation. The reference-rate regulation pre-
vents ‘much of the exchange-rate manipulation that would otherwise occur
if the authorities pursued a goal of currency depreciation. This is apparent
from the change in the adjustment ratio, which moves from —1.255 in the
unregulated run (Table 5) to +0.313 in the reference-rate run (Table 21).
No longer does the simulation end with an exchange rate farther from equi-
librium than when the simulation began. As one would expect, the refer-
ence-rate regulation also reduces the volume of net reserve purchases sub-
stantially. The RMS for the exchange rate rises, as authorities can no longer
attain the desired smooth path toward depreciation, but it is still not as
high as in the free-float.case. The terms of trade and exports vary less. The
RMS for imports rises with the reference rate. Domestically, the inflation
rate becomes more stable, while government spending fluctuates more.
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: TABLE 21 : . :
INTERVENTION TO CAUSE DEPRECIATION WITH REFERENCE-RATE REGULATION

(dollar figures in billions)

VARIABILITY :
No. of Changes
Average Exceeding
Variable ’ RMS Value 1% per Month
Exchange rate '

(MSE = 0.000003) 0.1402 0.8993 0
Terms of trade - . 0.1657 1.0108 0
Export orders 0.2789 $11.713 0
Import orders . . 0.1825 10.738¢ 0
Inflation rate - 0.2443 10.2% 0
Government spending 0.2093 $40.326 0

- ADJUSTMENT ~
Initial . Equilibrium ' Final
Value ) Value . Value
Exchange rate

(ratio = 0.313)> 10.918 0.849 0.896

Inflation rate 10.2% 10.2% 10.2%
RESERVE PURCHASES

Longest interval of one-way intervention ' 105 periods

Average monthly reserve purchase during that interval $ 1.0

Net reserve purchases during the entire run $129.3

- In billions of ROW currency units.
initial value — final value

b Adjustment ratio = .
initial value — equilibrium value

Intervention to lean against the wind. As might have been anticipated,
the reference-rate regulation never constitutes a binding constraint in the
simulation with authorities intervening to lean against the wind. The intent
of the reference-rate proposal is to prevent aggressive intervention. By leaning
against the wind, authorities seek to modify trends, not aggravate them.
This kind of intervention is therefore always permissible under the refer-
ence-rate rule. o

Summary. With each of the four intervention strategies, both the- do-
mestic and the international economies function at least as well when the
reference-rate regulation is imposed as when there is no regulation. In that
regard, the regulation is satisfactory. But one might be dissatisfied with the
degree of improvement, particularly when the goal of intervention is cur-
rency depreciation or a pegged rate. Furthermore, the outcomes I present
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reflect a. definition. of the reference rate that keeps it reasonably close to
the free-market rate. Since the free-market rate moves fairly smoothly to-
ward the equilibrium rate, so does the reference rate. -

If the reference-rate regulation were actually imposed, there is little like-
lihood that the reference rate for-a currency would always be a good esti-
mate of its equilibrium value. If the reference rate varied significantly from
a smooth path toward equilibrium, the regulation- would permit national
authorities so inclined to push their exchange rate in the direction of the
“nonequilibrium” reference rate. Similarly, a nonequilibrium reference rate
might, on some occasions, limit intervention designed to bring a currency
closer to the path toward equilibrium. Although my simulation results show
satisfactory performance when the reference rate is defined appropriately,
that may 'welll be a simpler matter in the context of a simulation model than
in a changing international economy. Therefore, my concern for the proper

" definition of the reference rate constitutes a significant qualification to my
_ claim that the regulation performs satisfactorily.




6 SUMMARY AND CONCLUSIONS

The model employed in this prolect ylelds a free ﬂoat characterlzed by -
‘ reasonably smooth adjustment to the foreign price disturbance that is, 1ntro-"

duced. An alternative formulatlon of speculative activity, a different sort of
shock, or a- change in' some other aspect of the. ‘model might produce aless
,satlsfactory performance But with. the model as it is described here; the '
- performance of the free float cannot be considered objectlonable o
 Recognizing, however, that nat1onal authorities are likely: to mtervene
occasionally if given.the optron I consrder the impact of alternative inter-
" vention strategles These S1mulat10ns lead to several observatlons some: of e
: .Wthl’l are generally accepted ' . o i '

First; the results confirm that malntalmng an undervalued exchange rate
will boost exports and. decrease imports. But the boost to exporters..and
import competltors may come at cons1derable _expense in the form of re-
serve purchases and & higher inflation rate, even‘with no change in the rate
of growth of the real money stock. In my model faster real income growth
does not exacerbate the rise in inflation, because the growth rate of real
income is held constant by fiscal policy. k 5

Second the results confirm that an undervalued currency .can,. to some:
extent substitute for an expansionary ﬁscal policy when a country seeks a
target growth rate of real income. Average levels of government spendmg
are lower when the authorities: intervene to maintain an undervalued cur-
~ rency than in the free float. This is:not a surpr1smg result..

- Perhaps the most 1nterest1ng pomt to emerge from the- Tuns, with unreg-. -
ulated intervention is that intervention that smooths nominal exchange rate
change in the aftermath of a disturbance cons1stently increases the volatlhty
of the real varlables reported (One or two real varlables occasmnally move
more smoothly than under a free float, but it'is con51stently true that large.
increases in the volatility of most real varlables outwelgh small-reductions
in the volatlllty of the others ) Tl’llS reﬂects the fact that in a. free ﬂoat the
nominal exchange rate moves smoothly to.accommodate. gradual real ad-

- justment. Interventlon that prevents exchange rate adjustment- forces ad- "

~ justment to occur in the real variables. “The policymaker thus has a clear

" choice. between adjustment via change in the. nominal exchange rate, and T

adjustment via change in.real varlables This observatlon cannot be trans-
- posed.to.mean that all regulatrons that increase the Vholatrhty;vo,f real varias
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bles will smooth the nominal exchange rate. Rather, it indicates that some

exchange-rate change in the face of a shock will assist, rather than prevent,
~smooth real adjustment. The literature tends to focus on exchange-rate var-
iability as an index of the degree of uncertainty associated with a given
' exchange rate regime. Yet the simulation results show that real adjustment
: costs ‘may, in fact, be lower when exchange rate variability is higher.

“Finally, acknowledging suggestions that a managed float may yield un-
satisfactory results unless subject to international regulation, I use my model
to compare the- performance of alternatwe regulatlons proposed in the 11t—
erature. ; : )

To start with the most ob]ectlonable I conclude that the regulatlon lim-
iting the duration of intervention is entirely unsatisfactory. ‘Unless the au-
thorities modify their intervention pattern before the regulation becomes a
. binding constraint, the system will be exposed to repeated and substantial
dlsturbances in the form 'of erratic intervention and erratic consequent ex-
, change rate changes. In’ the results reported, ‘the performance of the du-
.~ ration limit is never a 51gn1ﬁcant improvement over the corresponding un-
" regulated case, and it is significantly inferior in ‘three of the four runs. I
conclude that an unregulated managed-float system would be preferable to
a system regulated in this manner. :

About the best that can be said for the reference-rate proposal is that its
performance in each run is at least as good as no regulation. As I formulate
it, the reference-rate proposal could be criticized as being too weak, allow-
ing too much currency manipulation. But the most serious flaw is the’ dlf- ‘
ficulty of continuously® deﬁmng reasonable reference rates.

I modeled the requirement that reserves be periodically reconstitnted on

the assumption that the authorities will modify their intervention pattern
~ before. the regulation becomes binding. So long as this is the case, my
simulation results support a reconstitution regulation. It improves over the
unregulated runs by substantially reducing currency manipulation, and real
variables show smoother adjustment to the fore1gn price disturbance. Of
course, 1f the authorities intervened without regard for the potential conse-

_ quences of the reconstitution regulation, it would prove much less satlsfac-

" tory and result in” significant exchange-rate volatlhty A

- Finally, a'ceiling on the volume of reserve purchases or sales per perlod .

" . performs: admlrably in the context of the model. It is very effective in hm-
“iting exchange-rate ‘manipulation while simultaneously reducing the mag-
‘nitude and abruptness of variation in real variables. If a reasonable ceiling

_ on intervention were-put into practice in‘today’s international financial sys-

tem, I would expect it to function quite satisfactorily.
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APPENDIX

(all variables expressed in billions of currentrdollars\-unléste otherwise noted)

mean change in 1nternatlonal reserve hold1ngs over the six pre-
ceding periods
speculator’s point’ estimate of the exchange rate for the next pe-v
.. riod (in dollars per unit of foreign currency)” - .
= desired ratio of currency to-demand deposits (C = O .292)
= volume of short-term interest-sensitive capital flows into US
_constant term in the market- clearrng conditions for the fore1gn-
_exchange market ; ~
number of dollars purchased by speculators dunng the perlod
dollar value of capital-stock depreciation :
dollar value of import payments r
= change in. real wealth between perlod (I - 1) and perlod D (m
billions of 1970 dollars) - .
= real permanent disposable income. (in b1ll1ons of 1970 dollars)
‘capital inflow resulting when the drﬁ"erentlal between US.and ROW
interest rates rises from 2% to. (z + l)% (F = 0 78 billion current .
dollars) / '
= US.growth rate of labor productrvrty (G 1. 8% per year).
= number of bonds (consols) sold in open market operatlons at-a.
" price of 1/R each (in billions) : :
= nominal government spending
- legally required reserve ratio on demand deposrts in the bankmg
"system (LR = 0.177) - : ' g B
twelve-month moving average of the exchange rate (1n dollars per
- unit of foreign exchange) Con ant ,
amount of intervention permltted before a country exceeds a lrmrt R
- .set by regulation
= nominal value of RMD ' e
= money multiplier [MM = (C +. )/(LR + C + X)] .
= import orders placed in the current penod by US. from ROW
(quantltres measured in units worth 1 b1lllon of. forelgn currency
in 1970)
foreign-currency . value of import payments (1n bllllOnS of foreign-
currency units) : '
= nominal money stock in US :
= mean squared error of exchange rates from the1r twelve month
‘moving average
level of real net exports in’ US (m bllllOnS of 1970 dollars)

1
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NF =

NFF

PF
PM

RC
RCA

*"RES
~RF

RI
RK

RM
RMD

‘RMS -
RRM_
RSC

'RYF
RYP

:SH

o SHD :

SO
TAX

~TT

=9

Il

US monthly mflatron rate (in %) o
"ROW monthly mﬂat1on rate (in %) L
"US price index " :

ROW price index -

average rate. of change of 1mported goods prlces over precedmg

twelve months (in %)~ -

stock-adjustment coefficient -

nominal US short-term ‘interest rate (m %) , :
real value of US consumer spending (in billions. of 1970 dollars)
real value of short-term capital ﬂows into US (in b1lhons of 1970

, * . dollars)
REF *

reference e:tchange rate (in dollars per urut of foreign currency) =
nominal dollar value of mternatlonal reserves held by US mone-
tary authorltles

- nominal ROW short-term interest rate (in %)

real investment in US (in billions of 1970 dollars)

- real.value of capital stock (in billions of 1970 dollars)

spot exchange rate (in dollars per unit of foreign currency) -
demand for real money. balances for purposes other than ex-

. ‘change-rate speculation (m billions of 1970 dollars)’

root mean square. of successive differences in the spe01ﬁed varia-
ble over, the course of the run (m %)

root.mean square of ‘successive differences’ in the exchange rate
over the course of the run (in %)

dollar value of US purchases (+) or sales ( ) of international re-
serves = oo T

US real income (in bllhons of 1970 dollars)

ROW real income (in billions of 1970 dollars) -

potential real output (in billions of 1970 dollars)

scalar relating ‘exchange-rate speculators’ desired currency posn-

© ¢’ tions to their profit expectations
SFD

speculators’ desired short position in fore1gn currency (1n billions

~+_of‘current units of foreign currency)

*’speculators actual long posntmn in dollars at end of the current
“period - - ' .
: speculators’ desired long position in dollars

depreciation rate (SQ = 0.00417 per month)
nominal- dollar value of all taxes each period (tax revenues in real

terms grow at a constant 1.8% annual rate) ‘
‘terms of trade between US and ROW.
'unemployment rate (in %)

real wealth in the prlvate sector (in bllllOIlS 0f*1970 dollars)
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X0

XP

XPR

de51red ratio of excess reserves to:demand: deposits of the com-
mercial banking system (X = 0.0015 in accord with available data)
real dollar value of ROW orders for US goods: placed in the cur-

‘rent period (quantltles measured in units worth 1 bllhon 1970

dollars) 3
dollar value of export payments . -

dollar value of all goods and serv1ces produced in the current pe-
riod for sale as exports (XPR is'a welghted average of 1 prev10us
export orders)

nominal income in*US

&
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