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Monetary policy in the large industrial countries has in recent 
years focused primarily on the achievement of.predetermined growth rates 
for.monetary aggregates. <The authorities may .also have an exchange rate 
objective, but the monetary 'target constrains their ability to influence 
the exchange rate unless they have two or more independent instruments at 
their disposal. For example, sterilized-'intervention in the foreign 
exchange market may be regarded'as the combination of an expansionary and 
a contractionary transaction designed to affect the exchange rate while 
not altering the stock of money. This study treats such intervention as 
an example of a broader class of combination policies that; for conven- 
ience, may be called "sterilized policies." Another typical-example 
would be the'raising of bank reserve requirements in order to offset the 
monetary effects of open market security purchases. 

. 

In order to determine whether sterilized policies may"be expected to 
be effective, this study examines the role of several specific types of 
monetary policy instruments in the. context of a \portfolio-balance model 
of financial markets. Each of the major countries employs a unique com- 

.: bination of policy instruments, ranging from market-oriented systems 
largely free of regulation to systems' that rely .heavily on quantitative 
ceilings and regulated interest rates. Therefore, solutions are derived 
for four different versions of the'model, incorporating a total of 11 
domestic policy instruments. It- is.shown that:-if the financial markets 
are stable and display normal, nonperverse properties--sterilized changes 
in at least three of these instruments, as well as exchange market inter- 
vention, will have predictable effects on the exchange rate. The poten- 
tially effective instruments are reserve requirements on nonresident 
deposits or on deposits that are included in the targeted monetary aggre- 
'gate, and controls on interest rates payable on such deposits. 
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1. Introduction 

This paper examines the conditions under which the monetary authori- 
ties of a large industrial country can influence the exchange rate while 
keeping the growth rate of the money stock on a predetermined target. If 
the authorities had only one policy instrument available, such as open 
market operations, then any policy action that affected the exchange rate 
would alter monetary gr,owth as well. In practice, the authorities may be 
able to use two or more instruments simultaneously, offsetting the expan- 
sionary effects of one with the contraction&y effects of the other. Any 
combination of actions that leaves the stock of money unchanged may be 
described as at least potentially effective if it has predictable effects 
on another variable such as the exchange rate. Effectiveness in practice 
requires additionally that the magnitude of the effects be large enough 
to matter, but that issue is not within the scope of this study. 

The most obvious example of this type of combination policy is 
sterilized exchange market intervention. The authorities may purchase 
foreign securities and sell domestic securities, expecting to depreciate 
the exchange rate without altering the stock of money. As is well known, 
the success of sterilised intervention 'requires that the public not view 
domestic and foreign securities a,s perfect substitutes; and there may be 
other impediments, especially if the authorities are unable to intervene 
on a large scale or if intervention has unanticipated effects on market 
expectations. In any event, sterilised changes in domestic policy 
instruments may provide a helpful supplement to or replacement for inter- 
vention policy. For example, a reduction in bank reserve requirements 
may be offset by open-market sales of domestic securities to keep the ., 
money stock constant. If the' lowering of reserve requirements induces, 
banks to pay higher returns on deposits, there may be a net capital 
inflow that will contribute to an appreciation of the exchange rate. 
In general, a "sterilised policy" may be defined as any change in an. 
instrument that is offset by open market operations so as to affect 
the exchange rate without altering the money stock. 

In order to determine the conditions under which sterilized policies' 
are feasible, the task of this paper is.to develop a theoretic81 analysis 
of the relationships between the exchange rate and a number of monetary 
instruments. Section II describes a model that combines the domestic and 
foreign sectors' portfolio allocation decisions with the domestic money 
supply process. The former is an extension of portfolio-balance exchange 
rate models to include several financial assets; the latter is an exten- 
sion of models of commercial bank .profit maximization to include the 
types of policy instruments that are in use in one or more of the major 
industrial. countries. Because the institutional structure of, the money 
supply process is country-specific, Section III of the paper describes 
several different versions of the banking model. The solution of the 



complete model is described in Section IV., and the conditions for 
. . the effectiveness of sterilized intervention and sterilized domestic 

policies are,derived in Sections V and VI, respectively.,, Section VII ,_~ 
summarizes the principal conclusions. I':'. '. ;. “ -* 'Y. 

'- _ i ,.-' ,. I. . _. ._ 

. ̂  " II. The Structural Model, \- '.i: .,:,.:.'. '.. 
i. - r' -: -._ . '. ,I 

Table 1 sets out a portfolio-balance model incorporatingasset I 
'demand fun&ions both for the non-bank domestic private sector (DPS)' 

#'CL\ and for the rest of the world (ROW), profit-maximizing conditions for 
‘a.,& the domestic banks, and balance-sheet constraints for the central bank 

and the government as well as the three other sectors j-ust mentioned. 
The stock of money is predetermined as a constraint on policy. L/ The 

a ‘h central bank's holdings of government securities (SC) are assumed to * '5 !: 'fl respond passively, through open market operitions, to changes in'any 
,? ',, other policy instrument in order to keep M at its targeted level. 

.s 
It is assumed for simplicity that neither real income,nor the rate 

of inflation is affected significantly by the application of~~sterilized 
AI policies. This dichotomy is not strictly realistic,'~bec,ause, changes in 
"" interest rates or exchange rates are expected to affect these variables. 
,? -\ : However , it does not appear to be necessary to model these effects 
%"' ,explicitly, especially for the medium-term focus of this 'analysis. To cI 
"'.‘, ~ the 'extent that they are present, they will serve to amplify or attenuate 
'II.' the effects arising out of the financial model, but they would not con- 

stitute an independent source of effectiveness unless the..implementation 
of sterilized policies affected incomes or pri&es'directly rather than 

. .* indirectly through the channels incorporated in the.mode,l.,: 
: ,, . . " \' 

., *'The first nine equations describe the,balance .sheets of,the five ‘ 
i.;. sectors. These stylized balance sheets' omit~"mdit~nonfinancial'assets, 

miscellaneous accounts, and some institutional detail.. They include, ,: 
however, virtually all of the accounts that are relevant for the money 
supply process. Equation (1) describes the balance sheet.,of the,; central 
bank; the asset (left-hand) side of the equation comprises~~the'i&&ties of 

_ ..the monetary base, and the'liability side shows the, uses,. of the-base. 
.'The sources include the net claims of the- central bank against the' . 

government, which may be in the form of securities (SC) or other claims 
. (Zg) such as the negative of gove,rnment deposits at the central.bank. 

The central bank also holds claims against,commercial banks (Zb), usually 
._. ., . i I. _. . . 

. l-l This constraint may be self3mposed if the -authorities believe that 
adherence to a'monetary rule enhances market expectations; it may be 

_L externally imposed if the government,believes that discretionary policy 
is error-prone or otherwise coun'terpfroductive. 



Table '1. The Structural Model 

I : ,Balance sheet identities 

A. Central Bank 

SC + Zf + Zg + Zb ‘= R + ‘c (1) 

B. Go&nment: St 

G- zg + xg = sb + SC + sf.+ SP 

c. Non-bank doniestic private sector (DPS) 

'M + XP + Sti + E.Fa = wp + Lq + Fg 

MI D+ C" ' 

D. . Co&ercial banks : ',;; 
_,. 

-i ‘+ gi +. i 

. ., 

"“ =,0.+.X+ Zb . 
> 

L= ,iP + Lf: , '- ,. -, / 
- 

x = XP + xf'+,Xg '. 
.,_ "< 

E. ,gest! of'&ld (ROW) .' _ 

E.Fa + Lf + Zf = Kd +' Sf + Xf + I$ 

J$.Fa'+ Lf.+ Kf ='Sf + Xf'+ Ffi 

II. Demand fu&tions v 

A. DPS demands 

M = M(rd, rx, rs,, T?, rf*; Wp> 
+ - - - -- '+ 

XP = X(r , rx, rs, rg, rf*, wP> 'd 
-+--- + 

SP = S(rd, 9, rs, rR, rf*, WP) 
- - +-- + 

LP I = L(rd, rx, ray rg, rf:, Wp) 
f++-+ - 

, 

. . 

8 
‘I 

.,., 

(2) 

(3) 

(4) 

(5) 

(61, 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 



~T&b:&&.:,l$.- Th&,*Struktural: Model. (.continuizd) 

,E*Fa = F'(rd, .rx, rs, ra, rf*, fl).' 
.: 

^ 
- - - '- +' + 

.) ,. : . . 

D/M - 6.(rd) 
+ ' ,'. *., 

B. ROW demands 

X f = X(rn, r*, r&, rf*, Kf) 
+--- + 

S f = u(rn, rs, rg, rf*, Kf) 
-+-- + 

Lf = X(rn, rs, rg, rf*, Kf) 
++-+ - 

E*Fa = $(fn, rs, re, rf*, Kf) 
+ + +.- - 

I ; I 
. 

'The banking system 
‘. I, 

P 
‘2 .- .I. . 

,._ ,. 

m r&mL + rS.Sb - rd.D - rX.X - rb.zb 
.: 

., . ..‘.' 

'R > q l D + qX*(XP + xg) + qf*Xf d 
,. <',X . . ..I ,. , :: *:-: 

Sb > qs*(D + X) i 

zb < qb o . L _; ‘.I ‘,+. ., - _. ,‘: . 

Oth&. felationships ’ I. .I., ‘, ’ ~-::; -: l.!. ‘:, . ’ .’ ‘i, 

A. Foreign interest rates , . '. 

rf* = (1 + rf)/(l - &) - 1 _. _ ;.> : 

rf F f(rs) *. 1 I 
+ 

. 

(14) 

(15,) 
'. 

(16) 

,' (17) 
‘4 : _ 

' (18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

n 
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B 
e 

C 

D deposit component of M 

E 

ie 

Fa 

G 

F:e = E(E/E) 
+ 

B. Changes in DPS wealth 

Kd = K(E) 
+ 

~ 
G = G(rs) 

+ 
. 

v. Variables 

I. ; A. Endogenous 

Kd 

Kf 

L 

'. ( : ; Lf 

;a'. LP ,A 

(30) 

> . 
!. I 

(31) 

\. ! 
.’ 

monetary base 

currency component of M 

J 
3 

exchange,rate.(domestic price of foreign currency>' 
r ? ', c 

expected rate of change in E 
8:: 

foreign assets held by domestic private sectors (DPS), measured 
in foreign currency 

DPS liabilities held by the rest of the world (ROW) 

stock of government debt, less government holdings of currency 
other than at the central bank 

cumulative sum of current and past current account surpluses and 
net direct investment from abroad . '- 

net nonofficial assets of the ROW held in the home country 

bank loans 1':. . ', .- '-I. , 

bank loans to ROW ', ,. -1 . .P -1 ~. 

bank loans to DPS 1: .1 
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..: ,‘fable .I. I .i!fh.e 'Structural .Model (dontinued) 

I 

'P 

R 

Ird 

rf" 

rf* 

I+ 

rn 

rs 

rx 

S, 

Sb 

SC 

S f 

SP 

WP 

X 

Xf 

XP 

zb 

net profit of banking system' : 1 : I..: .';' ,' 

total-bank reserves ‘ '..A1 I'. 

interest rate paid on D ' I :'. " 'J *,' ‘:; 

interest rate on F 1.. .,, '. '. ;. .' I 

value of rf in domestic currency'(uncovered -yield) " 

interest rate on L . :, 1. ;.; , _' 

interest rate on Xf 

interest rate on S i..'... , : ,li ! 

interest rate 0n'XP t, .: _ .'.. ; i 

government:securities outstanding '7 I~ 

bank holdings of S .' i ,, ,'j,, ._ i *' ?' .I JS' ,, .- 

central bank holdings of S C; 0 ir 

ROW holdings of S ',,, I . < \ . . 

DPS holdings of S i 

financial wealth of DPS 
: 

bank liabilities, other than those included in M 

X held by ROW 

X held by DPS 

bank liabilities to the central bank' 

B. Poll&y instruments i 

qb ceiling on Zb 

qc ceiling on L 
J 

. '. 



', Table 1. The Structural Model (concluded) 

qd reserve ratio against D _ - 

‘Ill ceiling on ra 

sn reserve ratio against Xf : : ~ ': 

qr ceiling on rd .' 

qs ; ,+ sec,ondary reserve ratio. : ” 

PX reserve ratio against XP c -'I I ,, 

I I rb discount rate ; ,) _-. : .,.: . 1 

xg X held by government .- _’ 

Z f net claims by central bank on ROW. .% ,- 

..,, I, 

. 
‘: .A, 

28 net claims by central,bank on government, other;thari SC 

c. Other .exogenous variables ; 

x expected level of E’ ‘I .’ .;:* 

ti stock of money. 
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in:the .form of loans to the banks, l! and claims (Zf) against the rest of 
the world (ROW). /;Uses,of the base comprise bank.reserves (R) and the 

.,currency component of the money stock (C). A/ 

Financial~claims of the government are divided into,those against 
the central bank (-Zg) and those (if any) against commercial banks (Xg). 

.:The sum of these claims plus the government's cumulative deficit, position 
(G) must equal the sum of the stocks of government debt held by the other 
four sectors, as described in equation (2). The nonbank domestic private 
sector (DPS) holds four types of financial assets: money (M)--further 
divided into bank deposits (D) and currency (C)--, bank,liabilities (X)' 
that are excluded from the money stoc.k as defined..for policy. control, .:; 
government securities,,and foreign,currency assets (F?). Equation (3):,:. 
defines DPS financial.wealth (Wp) as the.sum of these..aasets minus ' '.: 
borrowings from banks (LP) and liabilities to the ROW (FR). , 1. " 

_ The balance,sheet for. the banking system.(equation [5]) includes 
three..principal assets:,, reserves, government securities, and loans (L). 
Loans are made both,to the DPS (LP) and to the ROW (Lf); these categories 

,might also include.bonds‘issued by those sectors. The liability side : 
includes monetary deposits, nonmonetary liabilities, and borrowings from 
the central bank. The nonmonetary liabilities, which,may be held by the 
government, the DPS, and the ROW, include deposits that the authorities‘ 
choose to exclude,from their targeted monetary aggregate, as well as non- 

,deposit liabilities. Since national money stocks are generally defined 
to exclude deposits held by the government or .by nonresidents, D is held 

:.,only,by,,the DPS. ,.: . .'L.. '3 ;: : j :i / . 
The financial position of the ROW via-8-v&? the-home country ,::. 

is summarized in equations (8) and (9). The first of these.relates out- 
. standing claims to the cumulative net external'asset position of the home 

country (Kd); the second relates the same set of claims to the net asset 
position of the ROW via-&via the home country, net of official 
claims (Kf). Home-country claims on the ROW comprise those of the DPS ._ 

.\ .,.~ .' . '.. , , 
, _' . ," 

~. lJ In this context, the term "commercial banks"..refers broadly.to ', : 
depository institutions other than the central bank. 

c / The claims and liabilities included in Zf may be dominated either. 
in the home currency or in.foreign currency units. In the latter case, 
exchange rate changes produce valuation effects that.alter the net worth 
of the central bank. Those effects are not modeled explicitly, as they 
haveno.effect on the properties of,the model.. '.. 

A/ > If currency is issued,as a liability of the government rather than 
of the.central bank, then equation (1) represents the consolidated balance 
sheet of'the central bank and.the currency department,of the Treasury; 
the distinction is of no consequence for the subject at hand. ' 

a f 

I 
, 

, 

I . 
I 

, 

I’ 

I 
, I / 

/ 
I 
I 

I 

I 

1 
i 



L:(Fa); the: commercial'banks (Lf), and-the central bank (if)': ~Official~.-‘~ 
,exchange+iarket intervention results in changes in Zf. 11 . I& net,- “2 
home-country position equals the aum'of these claims leys ROW"holding's ' 
of government and private securities and bank liabilities. The net ROW 
position is the mirror image.of Kd;less' the'official claims::' ^)':'. 
o* 1 - . . : ..\ , ; . ,I .,.I,. " .' ., u .' . '. I 

,.,. > ,., ., ,Part II of themodel comprises two setsof demand functions,A+ach. of 
-,which is subject to.the usual additive constraints;' For' the:,DPS'; it is': 

assumed.that asset demands depend:on.financial wealth'as'definedin 5‘: 
equation (3) as:well as.on relative interest rated.:% The:desiands:may~'be 
homogeneous~in Wp or subject to symmetry conditions-; but neither of:fhose' 
constraints is necessary for-the:redults:.derived, in this paper.:- In.‘ciddi- 
tion to these five demand‘ functions; the'DP.S has a supply function ,for ! 
F2; the.additive constraint imposed-by equation (3) implies that this. ' 
supply function may be treated:'.as~;redundant. '. 

The DPSillocates its holdings of2MLbetween D!'tind C according'to 
:eqiiation.(15) . .,-The'.specifi'catiqn :of the, allodation'function as depending 
only on rd~follows~directly"from.the specifitiation‘of,the demand'system, 
(equations.[9] through [.14].);; .The hypothesis that ,generates this system 
is.that :the allocation of M between D and C is at least weakly separable 
fromthe allocation,.of.Wp between.M and noninoney assets.. This hypothesis 
implies ,both that a'demand. function (10) exists for M as.8 compodite'good 
.and'that the al.location of,M is independent .of the relative- prices between 
M and other.-assets. 21 '. ::. :,-. : 
: ., ,I , '.. _ . 2 _, 3. , .,;, ., = : . : ( J .:j: . . ': :, 

The ROW asset demands are'assumed to be a function of K f,':is. defined 
in equation (9). Recall that Kf represents the net asset position of the 
ROW vista-vi-s-the home'country, .minus:any allocations absorbed by official 
~claims.‘.~.This.balance isr'allocated among-the several available assets and 

~~~liabilifies according:to the system (16) through (19); the implicit demand 
'function. for'F! is:treated 'as redundant. Equation (19) is actually .a.. 
,supply function for Fa; -Throughout the model, demands for assets,de'pend 
positively'onown yields .and .negatively on substitute yields; demands .' 
for liabilities (equations [13], [18], and 1191) depend negatively on own 
yields and positively on substitute yields. Yieldson assets that are 
not ,held,kby,theL specified group of investors'are omitted. from the demand 

., I' . . ~ : r . ..,: . 1, I_ 
,,.. -A ^ ,;-,.'. : * :_ . . r ,I:' ., . ' ~ ,, 

,,.lJ J Alternatively, intervention could be treatedpas:affe‘cting a set of 
;accounts,that are"jindependent.of.the central.,bank's Cbalance. sheet; The 
implications 'are exactly.the .same.as :thoie:descrfbed,here..' ~c :q.. . -: 

21 In the 'absence of this:restriction,~money-would'have no.'economic 
.meaning;~and the,aimposition of..a predetermine*d.monetary:target would be 

:less of :a-binding-constraint..,,For:a' descriptions.of separability condi-' 
tions;in utility; functions.:for,:financial'asset models; see;Boughton 
(1981). ,.+: '.' :. -,', >;Q?:J.; :.,'. !*:'I .y',::: ,,..: ,I:: :t. I' u:';::. :.:. '_ 
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functions; notably; the rate ,paid on domestic money balances (rd) is 
absent from the ROW functions, and the discount rate (rb) is absent from 
the DPS and ROW functions., The own yield,on F’, the omitted market, 
is. assumed to -be equal to the yield on government securities plus a 
constant risk premium; rs thus serves as a proxy. L/ 

:The signs of. the coefficients on WP and Kf reflect the ‘assumption 
that increases in wealth are allocated partly to increased holdings.of 
assets and partly to decreases.in indebtedness. .A full specification of 
ROW,demand.functions would include total ROW wealth.as the constraint 
on asset demands; the present model assumes that the demand functions 
allocating Kf are separable from those allocating.domestic or third- 
country assets. I 

I 
Part III determines the structure of domestic interest rates. 1tis 

hypothesized,that the banks act to maximize profits subject to one or, I 
more constraints. The specification of ,this constraint system varies, I 
substantially from country to country, so the discussion of this part of 
the model is reserved for the next section. 

1 I 
. - 

I 
The ̂  final part of the model (equations [27-l to [31]) describes the 

determination of foreign interest rates (1271 to 1291) and of linkages I’ 

between the financial and real sectors of. the economy (1301 to.[311). I 
.. Equation (27) describes the uncovered yield on foreign assets in terms‘ 

* 
of ,domestic currency (r f*): This yield depends on both the foreign 

‘k. interestrate (rf) and the expected rate of depreciation of the home: 
currency ( ie). 

‘, 
The foreign interest rate is’assumed to respond to 

changes in the level of domestic rates (equation [28]), the size of the 
.response depending on the relative importance of the home country and the I 

policy objectives of the authorities in other countries. The expected 
rate of change of the exchange rate is assumed to depend monotonically on 

I 

‘the relationship between the current exchange rate and the rate expected 
to prevail in the future (equation [29]). 2/ The assumption that E is 
exogenous m?y be relaxed without altering the properties of .the model, 
as long as E e is inversely related to the current level of E. .\ 

,’ * 
The net financial position of the.home country via-%-via the.ROW 

(Kd); which is equivalent to the accumulated balance from the current 
account and direct investment, is affected by the exchange’rate (equation 
[30]) to the extent that price elasticities of demand for goods’and real \ . 

l/ Fc,is ROW holdings of-DPS’liabilities, so the yield on Fz is - 
.eqial to the yield on private domestic securities. 

2/ The specification of these three equations is discussed in more 
detail in Boughton (1982). A function similar to (29) is derived.in 
terms of rational expectations in Frenkel and Rodriguez 

,,..-1 

@ 
I, 

(1982). ‘, 
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assets differ from unity. “Assuming that the Marshall-Lerner condition 
holds, L/ this effect is expected to be positive. Finally, the stock of 
government debt outstanding depends on the interest rate (equation [31]), 
a rise in rs adding to the interest payments of the government and there- 
fore to the borrowing requirement.. Both of these effects--the price- 
elasticity effect on Kd and the interest-cost effect on C--are ,likely 
to,be small in the short run, relative to their long-run values;’ they 
may nonetheless be large in relation to the net responses of asset 
demands to changes in relative prices.’ 

, . 
.II.I,’ The Banking System 

As noted above, the banking system is assumed to maximize profits 
subject to one or more constraints imposed by banking regulations. 
Changes .in these regulations may.provide additional policy itistruments 
with.which.‘the authorities can exert independent pressures on interest 

.rates and exchange rates. 

Equation (20) states that bank profits (P) are the difference between 
income on.assets and expenses on liabilities. This specification assumes 
that the banks are always able to meet any of the legal or~institutional 
requirements placed upon them, by obtaining funds either’from the market 
(by selling assets or attracting liabilities) or from the central bank at” 
the known discount rate, rb. / Ihe possibility of, stochastic reserve 
losses imposing additional penalties is ignored; it is essentially 
anachronistic and in any event,would add little to,the model. J/ 

The first constraint (equation 12.11) is a cash reserve requirement, 
specified as a set of minimum percentages against deposit liabilities. 
The percentages may be’identical for all types of deposits, but in some 

11 In this context. the Marshall-Lerner condition reauires that the 
I ‘ 

sum of the price elasticities of demand for exported and imported goods, 
services, and real assets exceed unity. 

21 The .term “discount rate” is intended here to apply to all central 
bank lending, regardless of whether bank assets are discounted in the 

: process. It ,thus covers such terms as “bank” rate (Bank of Canada *and, 
until 1972, Bank of.England), “minimum lending” rate (Bank of England 
from 1972 until 1981)) and “Lombard” rate (Deutsche Bundesbank, applied 
to borrowing in excess of basic quotas). 

2/ .With stochastic reserve flows, .bank reserves in excess of. legal’ 
requirements provide liquidity to the banks. In that case thenbanks have 
a demand for excess reserves that is positively,,related to’, returns on 
assets and negatively to the cost of funds, including the discount rate. 
But this addition to the model does not alter.any of the‘results derived 
below except through very indirect channels. ’ I 

I : 
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countries the requirement aga1ns.t X is lower than that against D, since 
X includes deposits of longer maturities as well as nonreservable lia- 
bilities. i/ Separate requirements may also be imposed against foreign 
deposits. 2/ Some form of the cash reserve requirement is in effect in 
almost all-of the major industrial &ountries, but its importance,as a 
policy instrument is less uniform. :. 1 , 

I . r ". ,, a_ 
Second, banks may be subje,ct to a liquid~asset requirement 'such 

as ‘equation (22). Some portion of bank loans (call money or commercial 
bills) could also be included along with bank holdings of government 
'securities in the list of assets meeting this.requirement, but the pres- 
ent model abstracts from that complication. .It is assumed here that the 
requirement applies uniformly to all bank liabilities. This type of 
requirement has been important at various. times in Canada and the United . 
Kingdom. I '_ 

-.,e.. . , ,./ 
,The.third possible constraint is a quantitative limitation on bank 

borrowing from the central bank.(equation [23]). Most central banks..: 
restrict-access to this ioyrce of funds by some means other than the " 
explicit interest rate charged. These restrictions range from the "' 
informal guidelines of the U:S. Federal Reserve System'to.‘the explicit . 
quotas that have frequently been invoked as a policy instrument in the 
Federal Republic of Germany. The Bank of England's new'procedures for .A 
monetary control, which were implemented in August 1981; limit borrowing 
to exceptional circumstances; previously, the Bank had‘extended funds 
freely to the London discount houses at a fixed rate. 31 Quantitative . 

. ,_ . . 

L/ Reserve requirements inthe United States range upward from zero. ,; 
for some longer-term deposits and some nondeposit liabilities; 'the'highest . 
requirements apply to transactions balances at large banks. In the Fed- 
era1 Republic of Germany, reserve requirements are similarly structured;' 
in addition, higher requirements apply to nonresident than to resident 
deposits. In most other countries, requirements are assessed uniformly 
in reference to the aggregate of eligible liabilities~ 

2/ An alternative method of modeling reserve requirements on nonresi-..-' 
dent deposits would be to assume that banks of one country establish 
offices in other countries (Eurobanks) and hold deposits of those coun- 
tries' residents denominated in the home currency, those deposits being 
subject to separate reserve 'requirements.. The implications of the two: 
approaches would be quite similar. For an exposition, see Henderson and 
Waldo (1981). 5 i 

3/ By longstanding tradition, ,the Bank of‘ England does not lend ' 
directly to banks. For purposes of this paper, it is useful to.treat " : 
the London discount houses as part of the banking system; Howard (1982) 
presents' the arguments in support of' this. aggregation. The old and new,. " ' 
lending arrangements are described in Bank.of Bngland (1982). ,' 

: 
, ,. ',,-_ '. ! I . . ..: .'* . . 

. '. ,, \' 2' I , .'. : . c-r.' . . . . . _k I. 
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rebtri$i.ons~on borrowing have been a. fixture .of the financial systems *.. 
of France, Italy, and Japan as well. This latter group of countries has : 
also made use of each of the.remaining.constraints, at least.implicitly: ',: 
restrictions on interest .rates payable on deposits (equation [24]) or ., 
chargeable onloans (25), and quantitative credit ceilings (26). Ceil-- '.:, 
ings on deposit rates have also been an important instrument at times ,,,;',':. 
in the United States. It is assumed for simplicity that ceilings apply . 
only to monetary deposits, although restrictions in practice have-been. 
applied to other liabilities as well. _.". ,. , ', .; : ;.; [;:, 

-, , /:r v; : ! 6:: .., I.,, 
The constraint- systems actually in &ace in th~.ma)or,,~puntries, 

jl r: ; F '_,' 
Y'::::~:' 

cannot be represented precisely by a small equation sy,stem+but,this .;i.:<> 
model does represent most of the essential. featuresof, the)*different :,...r\,;.t 
systems for purposes of determining the structure of interest rates. I . :z 
For example, consider a system in which banks maximize profits subj.ect .: ,I 
only to cash reserve requirements and restricted access to central bank 
lending. This system, in which market forces predominate in determin- 
ing the rate structure, is indicative of the systems toward which the ; '.,' 
United States and the. United Kingdom are,moving, l/ and of the German'..-. : 
system; If,bqth.~'cbqstraint.s are effective, the b%tks' decisions can be. 
expressedby the.-:following Lagrangjan function: 21 .i ,. 

1 

Banks'maximize constrained &fits (k) by setting the interest "I"' 
rates ti, rd, rn, and rx and by finding the optimum quantity of Sb 
to hold.. The optimum interest -raf'es; depend on the demand functions for ,_ Li. 
L, D,,and X as seen by the individual banks. Assuming that the banks L'..; 
act as.a single monopoly bank, they will treat these demands..as negative, ; 
functions of the .o-v ,prices. z/ Let L', De!, X', and N' denote the slopes. : 

. . '; 
: . ,; .‘ i :-, 

11 Under the .Depository Institutions Deregulation and-Monetary .Control )_t 
Act of.1980, the Federal Reserve,System is phasing out the :aystem:,of' '.,,; 
controls,over,deposit interest rates .that had been in place in the,United,!::~ 
States since 1933.: The 1981 reforms. 1mplemented;by the.,Bank of.Eng1an.d.:~:‘::: 
are reducing the,importance of the liquid.asse.ts-requirement in the Uni.ted-*. 
Kingdom. At present no legal cash reserve requirement;is regularly imposed 
in.the.United Kingdom, but policy actions *are predicated on the:existence.,,; 
of a stable'ratio for voluntarily held reserves. . , .-1 

L/ For simplicity, government deposits in commercial bank.s.(Xg) ,r,e"'~~"" 
ignored .in this example. . : _ *.-,, ̂ ,' i 

3/ -This discussion ignores;the possibilit,y that banks also.&&&, to> '$9 
thz cross effects of other interest ratesondemands for L, D,, and X.',~,,., T';.:~: 
This assumption greatly simplifies the subsequent. notation.,with .little.: '3' 
effect on the conclusions. For a review of the literature on models of 
bank profit-maximization, see Baltensperger (1980). The form of the 
solution derived here is similar to that in Miller (1975). 

c 



of the demand -functions for‘ L,‘ D, XP;, and Xf. '.Then the relevant partials 
of 'equation (32) afe as *follows: 

.., . 

.-' --- ,_ ,- 
- 

5. 'ax/agb.- rs - x e-0 -<' 
, / 

,. .' , (33) .F I \'. . ..'. .n, ~. 
an/a&: L + (rg - X)*L' ~'0 

., ..- i,.,' 
:. . (,34) ., ~ ,I, .' \ 

a%/ard =,-D 1- [rd - (1 - qd>X]D', - o ; " : ;.,,.,';:.;-, :': _' (35) 
*, y ,. , ,.' ., . . 

h/at+ = .ixP - '[rx - (1 - qX)x]xl = 0 
\'- 

<3p, ', ,'_ ‘y, ,: 

anlarn 7 ,Xf ; [ rn _ ('1‘ _ qn),I]N’ = 0 :‘, ‘. ‘-. ‘. ’ ’ :r. :. 
. . , (37) 

. . .., 
Equation (33) states that the Lagrangian multiplier (1) is eq'&i:e. 

to the yield on government securities;‘ the remaining equations give the ,,I . 
?. values .of G, -Cd;' rX; and, rn in relation to rs: *.. ." 

.' ..~L .I, +a.= .rs - "i ‘:, . ', ', F 

.d * 

.y& 
~ : I 

; ‘_ = (1 - qd)rs G Ed ~. ,.’ .y&) 

_., ._ , ‘- 
, _, rx’ = (1 _ qx)rs _, EX , ~ ‘: .’ ,’ : * ‘. 

.I 
@O) “. <, 

_.., ~ 
rn:= (1 _ 9nj.p -fEn “. I ,_ ; -,_‘, : ..L . _ &y’ 

where'the s's are the reciprocals of the o&-i elasticities of the.demand 
functions. For simplicity;'these,elasticities Are regarded' here as 
constants; An implication of equations -(39) to (41) is that if reserve 
requirements are uniform for all types of den&its, then the interest. 

,rates on D, XP, and Xf will be equal except for the additive constants. 
' ,Note, however, that these results do not'explicitly recognize differences 

i&rates that reflect risk premiums or any cost differentials other‘than 
reserve reiuitements. If..ihose omitted terms are approximately: invariAnt 
with respect to the level of interest rates, then it is appropriate*t'o 
regard them as included ln,'the constant terms along with the ~'8. 

I I. 
It' is also possible that banks may be able to adjust theii'borrowing 

from the central bank (Zb.) 'in order to maximize brofits.',. Inthat c&e, 
: ,\_ ~ <. <the Lagrangian has an additional partial, of the form. .? , ,, 1 _, 

:adazb = x - rb = 0 ; 
.I : (42)‘ 

This condition implies that'rb 5 rs (cf. equation [33]). Thik isi; in the 
absence of other quantitative restrictions (see below), if the central 
bank permits banks to borrow freely from it, the discount.rate must be 
set equal to the level of market rates that will permit, the authorities 
to achieve their monetary target.' In‘ practice,. 'there may be a range 'for 
Zb within which the banks may exercise some discre'iion.and iriitiative;' 

‘) ._ 
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l+,conclusions may be drawn at/this stage with respect to the <:. .I 
effectiveness of the discount rate as a sterilized policy:instrument. 
First, if the central bank is adhering to a monetary target, the discount 

.A rate cannot be set independently unless the constraint on bank borrowing .) 
is'effective. Otherwise, equation (42) implies that the banks will 
adjust Zb in response to a change in rb, altering rs and other market 

'interest rates. The system is overdetermined, and the demand for money 
;,cannot be made equal to the targeted supply; the stock of money thus 

becomes an endogenous variable. Second, if the borrowing constraint is 
' effective but the banking system is otherwise constrained only by a cash 

reserve requirement as in.the version of the model described so far in 
this section, then the discount rate is still ineffective as a sterilized 
instrument, because it does not appear in any of the functions of the 
model. It~do,es not enter the public's demand ,functions directly, because 
the public does not have access to central bank credit; that, privilege 
extends only to the banking system. Neither does the discount rate appear 
in the rate-setting functions of the'.banks (equations [3S] to [41]), 

; because a change in the discount rate does not affect the marginal profit- 
maximizing conditions faced by the banks. Finally, assuming that the 
public and the banks form expectations rationally, a change in rh-with 

> a fixed monetary target--can have no "announcement" or other expectational 
effects except insofar as the change creates a false expectation that the. 
mone,tary growth target will also be changed or abandoned. 'The role of 
the discount rate is thus strictly circumscribed in this system. 

e 

A second type of system, in which.banks face -ceilings or.other - 
.restricti& on rd and $ and quantitative.restrictions on. lending (in 
addition,'to the constraints described above), is representative. of the 
slstems that have been'employed in France, Italy,;and Japan. l/ The 
forms of the restrictions have varied overtime and across,cointries,.and 
some of the restrictions have been absent or ineffective ,at least part of 
the time in each. country. This credit-control.‘version of the model thus 

-should be viewed as.indicating the general_direction of policy implemen- 
tation in those three countries, just as the.market version indicates 
the policy direction for the Un,ited States and the United Kingdom. ‘. ,. 

Administrative controls on interest rates (equations [241 and [251) . 
have.little effect on the solution of the-model excep.t"to replace the 
profit-maximizing functions (equations [38] and.-'[39]) with the ,constrained 
iralues of 9 and rd. The imposition of credit ceilings (equation.[26]) 
implies that the public (both the DPS and the ROW) will ,be-unable*‘to 
satisfy their demands for L, eliminating equations (13) and (18). The 

:. implications of, this change are explored below. . .;) , '. .,/ . ,<. 
. , ri . I . . - 1 ,,:,' ,\,'. _., 

11 .'Ihese controls also were employed'in the .Unit.ed Kingdom.p.rior to+ 
thz'september '1971 reforms known as, 
'S,ee,,Rank .of"England (.1971). 

"Competiti,on,and Credit Control."-:, 
( , _, ', __', : "_, : ,_ . : ; 

‘, 
‘. ’ 



; : ‘A third system; intermediate- to :the marketGriented;. and. aredi’&\t~ ‘i 
con,trol versions, arises .when the:ibhnks-&ae s,ubject to’ a seize-ndary+r.e”scerve 

.! :. ot‘&liquid-asset requirement; as :in.‘Canada and the United Kingdoml.:W$Mhe 
Lagrangian expression for this system is 2/ , ?T,i::*. I 

I I _ qx)x + zp.-. L];*’ .,,,-.‘: :‘.(32’) 
.,a,. i.2 s’ .:;:r, ‘. &A -’ .-. _. ,. L,. I ,, ,,,’ ii ...-‘i.” ‘,I . ::<,r .i 

Two subsystems <inay be distinguished.,’ :depending on whether -the bCanks .are 
free to adjust their indebtedness to the central bank;.“‘::lfT they. Se;: then 
the relevant partial derivatives of equation (+32’) are. given by ,equations 
(33) and (42), plus the following: , r.’ ’ I”, ” -, : i 7 “ ” ( 

.;ti 1 an/a4 = -D + [qSyrS _ .d + (ll_ qs _ qd,jk]DJ Cm II .L-$‘-; : i: > I- 
.: ’ (35’) 

In this case, the liquid-asset requirement serves as a rationing instru- 
‘ment‘ in placeof: restrictions’ on bankborrbwing~ Them profit+ma3CGnizing 
interest. sates are’ deteicmined .bbtWby~‘the-,l‘evel of:‘ the d%sEount rate and 
by.:.,its .re$at$onshiP’:to se~u'$i:ty:.j,riel&: <!.: .’ _ .-” .,’ : I” i* ; 

, ) ;f 

‘_ I& = ‘S -‘ral. 

. : *. , ( /. .- ..:’ 

:~,; . . . 

‘,. ,. ., . . . ;, ;r:*-- ‘i ., . . . . 

; qs(rb ’ rs)- - cd ,. 
.-. J ; : * ) (39’) 

-:-f .‘: 1: x i & q;)rb ‘- q+.(r$ ,, gi) .+;;xy y ;y :;,; ‘; : . . (&) 
_: .,: L _%. . : “ ,,I.,. i.i. , -: : 
Therefnre+.an- increase in; either rb’ ‘or 

-, . n > i; r :. ;. i :, -, _, . ..&-.a L.” ,, ,_ -. ; 1;: 

r S induces; increases in the inter 
est< ,ra,~~ss.con~tro,l,led~? by..th&‘b&&s:. : : For; a‘ gi+en Z&v& bf f&; “ati $:inc:f&&&e 

‘*in r!?’ g&es: thejrbanks an, i&ent$v.e~ to reduce bor.rowingl=: to,, raise ‘& .to”- 
* G *‘ ‘kc.’ .; . . , 7.I lj * ‘, .- , , .’ r .~. :* I : * $..? i... .:* . ,?,a. :‘). 

..,. .,..’ ,,( 1. .,(’ 4 :i -. *.V” .., . 
1/ Priory to ,Au&st~~l981, banks in .the .Unite‘a”l’Wngdom ,wer$ sub=ject TV a 

“Gserve asse:tJ r&lo+,” ~whi~ch; ,cduld be held in inteirest’-be’ar‘ing assets 9 
such as’ sho,r:t%zrm ,government debt, commercial ‘bills; and loans i to. dis- 

’ count houses, (ca&l jmotiey:):.: L. Under the new ‘procedures, ‘certain banks are 
: .required .to,maGtain an,asset ratio held,. in. the .fonh of-. call loans ‘to‘,’ 

discount’ .hous& or other setiurities dealers. q These loans are .secured’ ‘: 
primarily by government debt. Therefore, ,for the consolidated banking 
sector, the requirement is similar to the form specified in equation (22). 
For a general analysis of the role of secondary’reserve req’uirements as a 
policy instrument, see Dean (1975). I 

21 For simplicity, it is assumed for this example that a uniform 
reserve requirement (qx) and a s+ngle: i:n&rest‘~ rate ( rx> apply to X 
regardless of ownership. : 

_,, ,~.. ,- -c I_ ..,,,._ j ., c ‘; .; ,y ,.a,t...% ;*. .i j u\L;,: . . .,-ii,. I , . ’ ? _.A, ,\ci _-., ,- -. \,,. . , 1 -, : ‘,_ , I A ,: I ., \‘S 
I, ‘.i \, ‘C,S\ ,,,,.‘* - . -*‘i,,. ,.. . . \ L’. __ _ I .-XI - _..,. _ -3 “d’,‘,Trl !-)‘~.‘,’ r,::;‘: :b’., )‘; .“-:‘,.‘Fr:.,,:!-~L2~~~~ r7:“.:. -:i-: ,I’ \ ’ ,_ 

.I,.. . .- . ‘c*.i)\, ‘-:“ :;.::‘:.I :: ,,i::. “;:;c$*:-:, !.,;;t :,t’-s I.r:---.,;,:,3- ‘;.>y”< ;I”. : r; : .,_ ‘; 

__ , -: 



reduce loan demand,. and to raise rd and rx.to attract additional deposits 
as ,a substitute for. borrowing .from the..central bank. ,mis .process is 

.,characteristic of the f,unctioning of’:the secondary reserve requirement in 
Canada. ., . ~, # ., ,. ‘.. > 

In the second subsystem, Zb is assumed. to be restricted as in .the 
other two systems described above. In that case, the banks control only 

: ‘*their interest rates and have no direct,quantitative control over any of 
the items on their balance sheets. The Lagrangian expression (32’)‘gives 

:only the relationships between lending rates and deeosit rates, but not 
: .. the optimum, lending rate: ,. 3.d ‘.. ., : ‘C. .- 

,: ~ 

t”.- :, , (39) ’ > 

‘! , . . rx = (1 - qX.)re.-,qs(re - rsf - EX -' : " "_ " (40") 

#.. ’ wh,ich is characteristic’ of the role of lending to ,discount -houses by the 
Bank of England. 

, , . i. .‘, . , ‘_ 
,I Because fhe’banks ,in ,this. system do not directly control any quan: 

titles, there is no.si.mple .counterpart to equation (38’.). Instead, the 
banks are expected to set r? so as to maximize profits subject to the, 
balance sheet constraint and to the demand functions faced by the banks: 

" L(G) = (1 - qd 1 qs)*D(rd) + (1 -‘qx - qs)*X(rx, xg) + qb’ (43) ./ 

IV. The. Semifreduced Form . . . ._, . 
.._ . 

As an aid in comprehending the structure of this model, it is useful 
to consolidate the financial markets. The profit-maximizing conditions 
for the banking system determine the relationships between government 

~ 
In this system, 9 is determined simultaneously with rd and *rx. The 

1’ full solution of this model is quite involved, but the relevant proper- 
ties may be readily derived. First, because the banks by assumption are 

t unable to ad ust 
_rate(Zb i 

their borrowing in response.to changes inthe discount 
= q ), rb does not affect the:profit-maximizing interest rates 

set by .the banks. Second, an increase. ‘in .qb provides additional. lendable 
funds to the banks, placing downward pressure on rR via equation (43). 
Third, an increase in government deposits (Xg) at commercial banks has 

’ -ii. ;-effects, that. are comparable to those of an increase in- qb, differing 
only .in that ,Xg is diluted by reserve requirements..; In, ot.her versions 
.of.the model, changes in Xg affect the’level of bank profits but not 
the marginal conditions. With these,observations in mind.; and ignoring . 
the.influences of other variables that,are ,present in,the.other functions 
of the model, one may close this version with,a truncated. function for 
A -. ,.. _: _. ’ .’ , . , 

.g =‘a&., XI?;, .‘..j 
. ,, __ - _ 

: . , .,- -. .,-. jl .; .\ i38’0 
- - ?’ .* _’ . I j>. 

‘t .’ ‘. 



security yields (rs) and other domestic interest rates :(rd, rx;rn, and 
r'l). 
rf*, 

-Equations:(27) through (29) determine the relationships among rs, : 
and the exchange rate (E). These reiationships may be combined with 

the.;structural demand functions to derive a set of semi-reduced-form (SRF) 
demand fun&ions. For example, using the market-oriented version of the 
bankipg model, the money demand function may be expressed 'as , :. 

.' 
;.' :M,= if (rs,' E, Wp; qd, qx) . .I .' .,* - ++ - + 

tf '<,'. I( f:; f.:... 'b ' . . :. 
with'the' following partial derivatives: 9 'I " . 

II .I .., ,. 
‘. 

MiS 
i'Mrs + (1 7 

,I. .:.T’ ,, -‘, 

qd)'Mrd'i: ii.; qf),fM,, ,+ Mrll + frs'Mrf '4 

“, 
‘. 

” p,. : ‘- 
‘. 

. . 

The signs of these <partiais' f&low-direct&.from the signs in the struc- 
tural;model.,. except for M&. <Because the response to the own yield 
(Mrd) is positive, the sign of M& is formally ambiguous. Nonetheless, 
it is reasonable to assume that M and S are gross substitutes in DPS 
portfol,io .decisions,.&n,which case $s < 0. 21 If rd is highly sensi- 
tive to changes in market interest rates, and if the demand for money is 
highly sensitive to changes.in.rd, then M& may be .approximately zero. 
The ,consequences of this cond$tion,.which is more likely to exist if the 
targeted aggregate .is,broadly defined than if it is confined to trans- ..\ 
actions acc,our$s, are examined below.' - :. 

,~ 
: I, 

I ~, -' ..,, .-, '.? 
The several versionsof the 'banking model imply different,structures 

for the partial,derivatives of the SRF demand functions, but .the general 
form.will~be the same.3n each case:- . 

: 
; d .Y\ .I 

,. ,' . \ ^. ,. . ~, / ‘ ". . 
M .=i k’(rs,’ E, wP;-. q) ‘.- ,‘, ‘: i.i; ,i::lF,,s \ : 

.\‘, .- 
,‘ :‘, ‘ ‘,L. 

,- 
. 11 The notation Xi = 3X/91 is used throughout this paper. For 

legibility, all subscripts are in lower case; where the independent 
vaf$abl_e has a superscript, the derivative. is writteneither with both 
elements on the same line or with the superscript omitted. 

/ ~,.The,assumption of gross substitutability is essential for the 
stability of most portfolio 'balance models, 
or explicit element in all such models. 

,and it has formed an implicit 
See, 'in particular, Tobin(1969). 

I - 
I . . 

. 
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where q is the-vector of the relevant policy instruments. The full . 
structural model may be consolidated into the following four equations: ' 

\ Wp - G(rs) + K(E) + qc I. '; ‘ 
' (44) ., : . . ..' _,. I ,.' , .I ,.. 

Kf = - K(E) + Zf I . . , _ _. (45) 

M - M'(rs, E, Wp; q) 

F'(rs, E, WP; q) = 4'(rs, E, Kf; q) (47) ,. _ /. . . 
. : ."., j 

Equation (44) is a consolidation of equations (1) through (8). Fe I 
term qc is relevant only for the credit-control persion of the banking 
model. Otherwise, this equation indicates that private-sector financial 
wealth is the SUII of 'the government debt and the external surplus; i.e., 
the net assets of the DPS are the mirror image ,of the net liabilities of 
the government and the ROW. One could, of course;add an additional net- 
worth component to equation (3), which would then appear in equation (44) 
as well. In the credit-control model, the DPS and the ROW.are assumed to 
be unable to satisfy their demands for bank loans. For notational 
simplicity, it is also assumed that in this case all bank loans are 
domestic (Lf - 0); any other distribution of L could equally well be 
assumed without affecting the qualitative properties of the model. An 
expansion of the-credit ceiling (qc) relaxes the constraint on the DPS ' ' _' 

L, 

and provides it'.with-,additional funds that can-be allocated among the 
several assets,that..it-lholds. 'The effect of that increase is,the same 
as an increase in net wealth, 'so qc ,\ appears in the wealth constraint. L/ 

Equation (45) states that a sterilized increase in the home coun-, 
try's net official claims-increases the stock of financial assets avail- 
able to the ROW. This equation is simply a stock version of the balance- 
of-payments constraint: the current, private capital, and official 
capital accounts must sum to zero. For a given current account balance, d 
an increase in the official balance is matched by a decrease in the 
private capital balance. From the.perspective of the ROW, there is an 
increase in the private balance. There is no effect on DPS wealth; the ., i‘< 
official balance does not appear in equation (44). Models that examine 
only the portfolio decisions of the domestic sectors therefore omit one 
of the important effects on the exchange markets from official 
intervention. 

. . . .: 
-, ; i.' .'. c. j. 

l/ .This addition involves redefining Wp so that it is no longer net.of--". 
bazk loans. Equivalently, one could .rewrite the demand'functions with Wp J 
replaced by WP‘+ qc. If Lf f 0, let c L the fraction of L allodated to :, 
the DPS. 'Then Wp = 
+ (1 - f+qc. 

G(rs) + K(E) + c"qc and Kf = -K(E) + E(Gf + Zf) - ':,.T<::‘ 
3 

q 

.’ 

I 
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Equations (46) and (47) state that the money and foreign exchange 
markets must be in equilibrium. Since changes in all relative prices are 
determined by changes in rs and E, general equilibriwn is attained once 
these two (or any two) markets are equilibrated. The functions F' and 4' 
are derived in the same manner as M'* 

The SRF model may be solved in differential form, giving the following 
multiplier expressions for changes in the exchange,rate and in domestic 
interest rates: 

dE[dZf = Mr'@k/J -,i. . I, (48) 
., '.. 

dE/dq = [F/M;- M&q -,+;,i/J 
~ 

' (49) 
.~__ .( 

- dE/dq= = <Fr'Mw -.Mr'Fw)/J' (50) 
-03. 

drs/dZf ',-Me*&/J' 7 ,. (51) 

.drs/dq.= . 
$'M; -..&F:, - +:)1/J (52). 

": .:. _' 
and :., . '. '. 

drs/dqc' = -(Fe'Y, - M,'F,)/J (53) 

.i where ',, '. 

: ‘, 

Fe'5 <FL - 4;) + (Fw + $k) ' Ke'.. / 

and 

J .= Mr ' Fe - F," Me '. 

J is.the Jacobian for the system (44) .through (47); it may be shown 
that a positive value for J is a necessary condition for the stability of 
the model. The dynamic,system corresponding to the static model may be 
described by letting the time derivatives of rs and E be increasing 
functions (kl, k2 > 0) of.the excess demands for M and Fa, respectively: 

P =kl-(,M’) -. I,. , .; .I..,..: _’ 

i * ‘j2 .(F, ‘_ o ,‘) :- ---,,‘- .’ : ’ ” 1 I 

. . I’._~ (. 
I .’ ._ .: 

. . 
.:.- > ..I. 
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The necessary conditions for’stability of this system are L/ .. - 
2 ..I 

kl'Mr+k2*Fe < 0 

and 

.I _' " ," 
(54) ,. -, . ” r 7 ’ ( I ..’ . .I .- 

Mr’lti 
- Fr’)fe‘> 0 ( .’ : ‘. , ’ ‘. .‘. (55) . j . . . , jI ,, , . . . ; .I > .’ ‘..’ 

The expression in inequality (55) is J. 
? 

:.. 

Mr and F, are the total derivatives of the demands’for Mland Fa with 
respect to rs. These total derivatives allow for indirect effects on 
other interest rates (included in Mis) and for the effect of rs on Wp 
via the stock of government debt. If one again invokes the,assumptlon of 
gross substltutablli.ty, both of these total,derivatlves will be negative. 
It is not clear, however, that the assumption is valid in this context; 
in particular, if M& is close to zero, Mr may be ,dominated by the 
positive wealth effect. Me and Fp are the total derivatives of the demand 
for M and the excess demand for F with respect ‘to Ei M,‘is unambiguously 
positive, but Fe could be positive or negative. The stability condition 
(55) may be written as a restriction on the value of Fe: '. .' 

: F e 2 FrgMe/Mr as Mr 3 0. ;’ , 

Fe. is expected to be negative, but it could be positive if- the wealth 
effect is positive and relatively large. This wealth effect arises in the 
following manner. A depreciation (increase) in E increases Kd (and thus 
Wp) and decreases Kf, assuming that the Marshall-Lerner condition holds. 
These effects lead to an increase in both the demand for Fa'and its 
supply. The net effect on the excess demand for Fa is unclear. If 
the demand and supply elasticities for Fa are equal in absolute values, 
then the sign of the net effect will in general be the opposite of the 
sign of Kf. 2/ As a first approximation, the wealth effect may be 
assumed to b< positive for surplus countries and negative for deficit 
countries. 21 

I 
L/ Samuelson (1947),describes the proofs‘of these conditions in their 

general form. For an example of an application with a similar~model 
structure, see Ott, Ott/and Yoo (1975). ~ .I 

: 2/. Let nd and ns 
respectively. 

represent the d mand and supply.elasticit'es, 
Then F, + +k = Fa*&Wp + n'/Kf).; 'If'ns =* -lj t , then' 

Fw ++'k = Fa*nd*(l/WP - l/Kf)-. The sign of this-expression is the ' 
same as the sign of -Kf unless Kf = 0 (where the function is discontinuous, 
and the assumption of equal elasticities would be nonsensical) or Kf > WP 
(where the home-country external deficit equals or exceeds its total 
financial wealth). ,' . . : 

2/ These relationships are reversed if K, < 0. 

6 

d 
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v. Exchange Market Intervention ':' 

,: The effect of sterilized.exchange-market intervention on the exchange 
rate is captured.in the multiplier dE/dZf (equation [48]). This inulti- 

.; , 

plier is expected. to be positive, implying that a purchase of foreign 1 I 

securities by the.central bank, offset by sales of domestic securities,,' ; 
, 
/ 

will depretiate:the exchange rate; This normal result holds as long as.' ! 
the system is stable YJ > 0)'and substitution effects dominate in the - 
demand for' money: Spediflcally, whenever Mr is negative, the numerator 
of dE/dZf is' positive* the denominator is also positive unless F,.is ' 
positive and large en;ugh to render the model unstable. Assuming star :i 
bility, intervention also raises domestic interest rates via equation (51). 

. ., _a. ,,. , .. k . 
Twospecial'cases'help.to illus'trat'e‘the circumstances under which 

exchange market intervention may not" be an effective sterilized' policy: ._' 
(1) the case where dome$tic and 'foreign securities are perfect substi- ; 
tutes;and (2)'the Case wherethe.'demand :for money is not interest elas-“ 
tic. :In the first case , the'yields on S‘and Fa (rs and rf*) will'be 
equalized. The SRF model will be altered in that E will disappear as a 
direct argument'in equations (46) and' (47), and the derivatives of the" 
F',and 4' functions'with respect to rs will reverse signs 
i.e*;', 

(Fr > 0); 
rs will serve as .the"owii yield' on Fa as well as .on S. The'exchange 

rate will still be determined by the excess demand pressures in the mar- 
kets.for money and foreign'exthange, but E will enter these functions 
only through the wealth'effect. For surplus countries (as defined 
earlier), exchange rate-movements will then generate perverse effects on 
the excess demand for,foreign exchange: Fe > 0. Regardless of the sign 
Of Mrs the system,will in'this case be dynamically unstable. For Mr < 0, 
condition (55) will be violated; for Mr > 0, that condition may be satis- 
fied, but condition (54) cannot. For deficit countries, the system will 
also be unstable in all but‘extreme circumstances. 11. 

Effective sterllization' of.exchange-market intervention is prac- 
tically impossible if domestic and foreign‘securities are perfect sub- "i, 
stitutes, not because it would leave-the exchange rate unchanged but 
because-the financial markets,would ,be destabilized by the attempted * 1 

, 

sterilization.' A corollary'.df 'thls'findlng is that effective sterllized 
i 

intervention requires not,-just that.domestic and foreign securities be.' 
imperfect substitutes, but ,that,:the',degree of imperfectionmust be great 
enough to‘overcome the destabiliiing influence of the wealth effect. ',- 

,. .\ ,^' . . ,..,',,, ,. .-. 

l/ For deficit, countries, as' noted"earlier; Fw + +k < 0; therefore, 
wiih FL = $b = 0;Fe <'O. If Mr > 0,‘dondition (55).will be violated;' 
if Mr < 0, that condition will still be violated unless 
-(Fw + ok) > Fr*~(-Mr). 

> _- \," ., 



Next consider the case in which,domestic.and foreign securities are 
imperfect substitutes, but in which the demand for money is not interest 

.elastic. Even if money demand has some small negative response to inter- 
e’st .rates.(M& < 0), Mr will be positive if this -effect ,is outweighed 
by the wealth effect (Mw’Grs ,> 0). ,It is; ,inmedlately apparent from equa- : 
tion (48) that if Mr = 0, then dE/DZf = 0.6 If Mr’ ,>, 0, ,then F,,must be 
negative .in. order to satisfy stability conditi,on,(S4). For :F,e <-,O, con- 
dition (55) may be solved in terms of Mr, g iving M * ,( Fr*Me/Fe’ Thus 
Mr may be be :positive but not too large. Within t&is range;- the.model, : 
is stable, but the effect-of sterilized intervention on-the-exchange 
rate is perverse. .,I -I ,,., -, ;. - I - 

I\ .\ ._. 
The logic of this result is that the effectiveness of sterilized 

intervention rests on,the creation (at the ,initlaI exchange rate) of an 
excess supply of money and an excess demand for foreign exchangei both of.; 
which normally : are equilibrated, by a- depreciatipn, of the exchange ,rate 
(1 .e., an increase in the price of foreign exchange and a decrease.in the.. 
anticipated return on it). But iftan increase in interest rates leads i 
(indirectly) to.an excess demand for money, then DPS wealth must be ..:; 
reduced through an appreciation, (dE < 0) in order to equilibratqthe _. : .. 
money market. If.the excess demand is large, the system will be unstable; 
if it is. small enough, E will appreciate. It therefore is. important for. 
the authorities to target a monetary aggregate that has an interest-.: r+?, 
sensitive demand function. If,the own rate on money balances is highly;.<’ 
correlated with ,market interest rates, this condition is unlikely to c ,I:.;‘ 
hold. ,Sterilized intervention is more likely to be effective if the i”..,: 
targeted aggregate is restricted to currency and transactions balances or; 
if interest rates .paid on.deposits are effectively controlled. :. ,., 

I,‘. ‘: I\ ,. : I’ ,, . ‘ 
. I r.: . . . ‘., 

VI. Domestic Policy Instruments 

Sterilized policy can be implemented by a change in one (or more) , 
of the domestic policy instruments, offset by a passive adjustment of ‘: 
bank reserves through open market operations. In order for such a policy’ 
to be effective, it is necessary for the financial system to be stable; II 
i.e., the model must satisfy the stability conditions described in Set- ;: 
tlon IV. If the sterillzation of exchange-market intervention is destas,^: 
billzing, then so will be the sterilization of domestic’policy actions.:-.‘. 
If wealth effects dominate substitution effects but not by.enough to.. : I,__\ 
destabilize the system, then perverse responses ‘may be generated that 
also are analogous to those described above for exchange-market inter- 
vent ion ..~. The present discussion will abstract from those conditions in’ - ’ 
order to, determine whether sterilized domestic policies can be effective :: 
in normal conditions. :: .*, ’ .‘. ’ .* I, 

v I 1 .I ‘ ‘J . 

Q 
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The overall pattern of effects is summarized..in Table 2,. There are 
eleven instruments, although only part of that set appears in any single 
version of the model. Four versions of the model are considered, coi- 
responding to the different emphasis given to each type of instrument * 
in -the major industrial countries. These versions,are‘the same as those 
described in,Section III, above., 

I I . . , . . . 
In a number of instances , policy instruments that appear in..the full-.? 

model cancel out, either in the consolidation of balance sheets or in 
the derivation of the SRF demand functions. Two instruments vanish- co&- - 
pletely: net claims of the central bank on the government.other than:,: 
securities (Zg), which cancels'out in the consolidation of accounts; and 
the ceiling on bank lending rates (qg). The latter instrument is essen- 
tial in the credit-control model in order to prevent banks from nullify- 
ing the effectiveness of quantitative. credit ceilings (qc) by raising 
interest rates enough to equilibrate the loan market at the constrained 
supply of credit. As long as fi is constrained below that level, changes 
in qa. alter the level of bank profits but do not affect the banks' mar 
ginal profit-maximizing conditions. Similarly, it has already been noted 
that neither the discount rate (rb) nor the supply of central-bank credit 
to commercial banks (qb) is an effective sterilized policy instrument'in 
the market-oriented or credit-control versions of the model, but one or 
the other may be important when a secondary-reserve requirement is 
imposed. In most other cases, the general effects of sterilized poli- 
ties are nonzero, indicated by X's in Table 2. 
I 

Where policies do have an effect, the sign of the effect generally 
is determinate'either for the exchange rate or for interest rates, but 

.not for both. This relationship--which may be observed in the right-hand 
columns of Table 2--may appearto be paradoxical. It is easily demon- 

"strated, however, by reference to the diagram in Figure 1. The curve MM 
represents equilibrium in the market for.domestic money balances (equa- 

.tion [46]); its slope (-Me/Mr) is positive if substitution effects 
dominate. The region of excess demand for money lies below and to the 
right of this.curve.. Similarly, FF represents equillbrlumin the market 
for. foreign assets (equation [47)), with negative slope.(-Fe/F,) and with 
excess demand for Ra lying below and to the left. Assprlng normal slopes, 
the intersection of & and FF (point A) will be a stable equillbrium. 

" , :. ~ . . . I ,.rl.., I_ 
. . In general, any sterilized domestic'pollcy action will shift both- 

: of these Curves. If they shift in the same;dlrection, (vis-8-vis.the _ : 
, . interest"rate axis), then thenet effect on domestic interest rates will: I_ .C, =.be ambiguous; if they shift in op$osite directions; then the effect on 
' '. the exchange-rate will be'amblguous. . This ambiguity does not arise with 

respect to exchange-market intervention (ZF) or5 to changes in reserve .~ 
requirements on ROW bank deposits (qn> because these instruments,do not.‘,-;, 
appear in the money-market equilibrium condition. For example, an -,".-,:. 
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:’ “ I. Table 2. ‘Normal Fffects of Sterilized Policies.L[ 
.. \ ~. ” (__ . - : 

,. . Nature of Constraints on Banks ;t- >. ,, ‘, Secondary I. / ‘, I_ Sign of : 
Market Secondary reserves Credit Effect on 

Instruments .‘orlented reserves .and quotas cont.rols ‘E . rs 
,- 

_: 

qd 

qx 

; , ,.: , _‘: 

x X :’ x *, -A I +.‘ ? ..‘I 
. . ,; ^. 

‘I _ :’ ,‘, 

x X : .i-, . ’ X,.‘~ :.- . ,I ? ’ - 

Q”, zf x ‘, X X x, 

,_ ,_ 
,-+.-- f 

qr 

,. 

X 

QC . i , ‘. 

qR ’ ~ ,-‘, , 
. *’ . 

zg . -- ,-- . 
‘. .- : 

: ‘. 

qs :: ,- :;:‘.- .1x ,, \I ,, i 
‘, .A: ,_ ,: 

rb -- “, ::Tx .,, -- -- 
,. < -. :_. ., :, I 

qb .’ -_ _ - . ._’ ’ x jf ‘I -?, 

. ‘, / 

? 

0 

0. 0 

rd fixed rd flexible 2/ 4 , 

E- r8, .z is - 

? 
L 
7 ri . .I 

.’ - ? 

‘. 
~“. 

9 + ? 

. 

, +, , ,+ ? 

. ‘. 
.I . 

.1. 

x8 mm Be x ‘. ., y .’ ?’ 
A 

, ‘L , 

c 
,I A . 

l/ X indicates that the instrument appears in the solution of the model for E 
anZ rs; a double.dash indicat.es that the instrument appears,in the model but not 

; 
I 

+, .:? 

in the solution; a blank indtcates that the instrument is not,,in,the model-o The 
nonzero signs listed for each instrument apply to the versions marked with,an X. 

2/ The columns under “rd fixed” indicate the responses where the directSon of t 
shTft. in MM (see Figure 1) is the same as it would be if rd were. completely fixed., 
The entries under.“rd flexible” indicate therresponses where flexibility of rd is 
great-enough to reverse the shift,in MM.but not so great as to destabilize the 
model. ._ “‘t ,. ,. w, : 0 

L 
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increase in the central bank's holdings of foreign-currenby assets shifts 
the FF curve upward. At the initial exchange rate; there'is an excess.- s 
demand,for. foreign-currency assets, which brings a depreciation of the i 
exchange rate.and an increase in domestic interest rates (point B), as ,A 
described in,Section V. ; .~ I. f I 

. : ,. .> " . ., , ..,. . 
-The pattern 'of-e'ffects 'of domestic Instruments'on'E and. rs' can be-: )' 

illustrated by 'the role of changes in reserve requirements on domestic .' 
deposits. First; consider anyincrease in cash reserve requirements on i. 
bank liabilities~ that .are,included .in the targeted monetary- aggt'egate 
(qd). The' direct-impact is,to reduce the equilibrium~yield' (implicit : 
orexplicit) on monetary liabilities (rd) relative to rs, according. to 1 
equation (39). l/ This 'reduction decreases the demand for money at the 
initial values zf rS-and E and increases the DPS demand for other assets, 
including foreign assets; In'terms of Figure 1, MM and -FF both shift to 
the right, and.the new equilibrium is at point C. Both shifts contribute 
to a depretiiation of.the exchange rate, but they generate conflicting 
pressures on domestic interest rates. Without quantitative information 
about the magnitudes of the shifts, one cannot determine the net effect 
onrs. -.; : _. . 

.t, ,., '_( 

The implidations of an ipcrease in reserve requirements on excluded 
bank liabilities'are rather different. An increase in qx directly 
reduces rx relative to rs, according to equation (40). ~'Ihis decrease 
initially raises the demand for money as well as the demand for foreign 
assets, since rx is a substitute yield in both functions. FF again 
shifts to the right, but now MM shifts to the left. The new equilib- 
rium is at point D. Domestic interest rates rise, but the exchange 
rate in this case may be higher or lower than initially. j 

.,, 
Changes,in secondary 'reserve (or,liquid asset) requirements have 

effects that are intermediatb..between those of qd and-qx. An increase 
in qs reduces both rd.andi rx,,shifting FF,'to .the right. The direction 
in which MM shifts depends on.the relative importance of changes ,in rd. 
If the'return on money balances is relatively fixed or if the'.demand for 
money is relatively insensitive to changes in rd, then an increase in qs 
will work like an increase in qx, shifting MM to the right. If Mrf+frx 1 
then MM will not shift, and changes in secondary-reserve requirements 
will operate in the same fashion as exchange-market'intervention. If 
changes in rd dominate those in rx in the'money demand 'function, then 
'the effects of qs will be similar to those of.qd., '1 .' 

,, . c )I- .‘.,\-‘.-;, 
: - ., :A Y : :' :- .:j . 

l/ If a secondary-reserve-requirement-is.in place, the effect of qa 
orrd works through equation (39’) or (39”). If rd is controlled effec- 
tively (rd=qr), then sterilized changes in qd do not affect the banks' 
marginal conditions. 
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,- The\-only circumstance ,in which sterilized changes in the discount 
rate affect E or rs is’.when a secondary reserve requirement ,is effective 
and banks are free to adjust the level of‘ their borrowings from,the cen- 
tral bank. Inthat case, an increase in rb leads to increases in rd, rx, 
and rR -relative to rs according to equations (38’) through (40’). f! 
These increases initially reduce the excess demand for foreign assets; 
depending on:the relative importance of changes in rd, the demand for 
money could increase or decrease (as in the response to qs,); If changes 
in rd are not important, then the exchange rate change-will be ambiguous 
but rs will ,decline. This result, too, may appear .to be paradoxical: 
is it reasonable to expect an increase in the.discount-*rate--offset by 
expansionary open market operations-- to lead to a decrease in yields on 
government securities?. If the yield on money is flexible enou h 

5 
that 

the asset markets can be equilibrated through an increase 1n.r , then : 
no decline- in rs will be necessary. But with the yield on money rela- 
tively fixed, an initial increase in lending and deposit rates will 
reduce the demand for money and exert downward pressure on security , 
yields (rs). / i . 

Other domestic policy.actions may be effective-in specific circum-,* \ 
stances. First, in the constrained,secondary-reserve version of the 
model, an increase in the availability of .funds to,the banks via an 
increase in borrowing’quotas (qb) or in government deposits at commer- ’ 
cial banks (Xg) is expected to, lead to a decrease in bank lending rates ,. 
(see equation [38’!]) and .thereby to a,decrease in rates paid on bank 
deposits. The effects of these,changes,on E, and rs are exactly analogous 
to the effects ofCa decrease in the discognt’rate in the unconstrained 
secondaryGeserve version..’ gecond,.whenever the authorities have effec- 
tive control over the interest rates paid on,deposits, an increase in the 
allowed rate (qr) will have effects that are analogous to those of 
decreases in reserve requirements (qd); 3/ ,Finally, an in&ease in quan- 
titative credit ceilings (qc) provides a~ditional’credit. to;the public, : 
raising the demands for all assets. The, MM and FF curves respectively .A. 
shift to the right and to the left, raising interest rat.es a.nd having an -. 
ambiguous effect on the exchange rate., ~ , ‘,:. ; , .,. ‘:. . . I ‘.:; ’ ^ ,I .I .., :. ,. . . : 

_ r. . 
l/ If a separate reserve requirement on ROW deposits (qn),is,.in,effect, ’ 

thgn rn will also rise relative to rs. 
21 As &an be (geen from equations (38’) through (40”)) rR will rise,, . 

but the net ef feet on rd and rx will be indeterminate. 
A/ By assumption, qr applies to rd but not to rx. A regulated 

increase in the rate paid on X would have effects, comparable to a 
decrease in ‘qx. j . 

,: .. _ 
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VII. i Conclusions ,, 

The monetary authorities of large industrial countries have available 
a number of instruments, each of which can affect.the supply of money and 
the demands for money and other financial assets. Because the instruments' 
have different effects on asset demands, they may.. affe,$t asset prices even 

'if‘they,are combined so,.as to have no net effect on the supply of,.money. 
The analysis‘in this paper is primarily theoretical: it evaluates the, 
relationships between institutional structure in several~,countries and 
the effects ,of sterilized policies, but it does not attempt to .e,stimate 
the empirical importance of these effects. Nor does it attempt ,to evalu- 
ate the efficiency of the'several instruments in the context of national 
economies. The' following conclusions could, however, serve as the basis 
for empirical. studies by helping to define the testable conditions that 
are necessary for the effectiveness of sterilized policies. and by narrowing 
'the range pf. instruments that one could reasonably expect to be effective. 

'.The general‘conditions for the effectiveness of any of these steri- 
lized policies are,that domestic and foreign securities be sufficiently 
imperfect substitutes and that the,demand for money be sufficiently 
interest-elastic. 'These conditions cannot be stated rigorously, since 
they interact with other conditions in the financial system. In general, 
however, the,analysis in the paper suggests that the necessary conditions 
are stronger. than those implied by most studies of the effectiveness of 
exchange market intervention. If domestic and foreign securities are per- 
fect or simply very close substitutes, then any attempt by the authorities 
to sterilize their intervention in foreign exchange markets or to sterilize 
changes in domestic policy instruments will,tend to produce destabilizing, 
movements in the exchange rate. If the demand for the targeted monetary 
aggregate is insensitive to interest rate movements, then the system may 
again be unstable or the responses of 'the exchange rate or interest rates 
may be perverse. 

The effectiveness of sterilized changes in domestic instruments 
depends additionally on the condition that the policy action alter the 
profit-maximizing interest rates faced by the,banks (lending and deposit 
rates) relative to yields on securities. This condition depends in turn 
on the framework of the monetary system. Except in the one case where 
banks are free to .bqrrow as much as they demand,at the given discount rate 
but are constrained by a secondary reserve requirement, sterilized changes 
in the discount rate are not effective. Changes in reserve requirements, 
credit ceilings, or interest rate ceilings generally do affect the banks' 
profit-maximizing conditions, but the direction of the effects on the. 
exchange rate is not always clear. A number of domestic instruments gen- 
erate shifts in the money and foreign exchange markets that are offsetting 
in their influences on the 'exchange rate, 'so the net effect cannot be 
determined qualitatively. 

. 
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The circumstances in which sterilized domestic instruments have 
determinate, effects on the exchange.rate“are as follows.’ First; if banks 
are subject to a secondary reserve requirement;, and if the interest rate 

’ “g&d on‘monetary liabilities is suffibiently flexible~~~then’any~one of ._(. 
t.-several instruments will have unambiguous effects’on’the~exchange rate. 

L These‘instruments !Lnclude steril&zed‘changes in<the secondary reserve 
5:. requirement; in quotas.on bank borrowing or --ii the absence, of .quotas+ 

the discount rate, 
banks’. 

or in the volume of, government deposits: at’ commercial 

s’tridt : 
The stated conditions for these,instruments, however’, are quite 

if deposit rates .are ‘relatively fixed, then the exchange rate 
effects will be ambiguous ‘in sign, while’ excessive. flexibility could 

’ ‘destabillze the system. gec’ond, and more generally, changes in reserve 
requirements on monetary liabilities (bank deposits that‘are Included-in 
the targeted aggregate), or in .controls on the interest‘ rates, t,hat banks 
may pay on those liabilities have unambiguous effedts-on’the exchange rate. 

.< Either a decrease in reserve requirements or an inixease in interest rate 
=, ceilings leads to an increase in the yield on money balances, increasing 

the demand for money, decreasing the net demand for foreign assets, and 
thus appreciating the e'xchange rate. Third, changes -in’reserve require- 
ments on non-fes'ident bank deposits (or, equival&ntlyi 'in controls on'- 
interest rates’payable’on ‘such deposits) have unambiguous effects that 
are similar t&' tlidsiz of-elichar@ market intervexition. 'A decrease in 

I these reserve require&&tits ieadti to axi increase in interest rates avail-,. 
able to nonre%id&n<,de$dslto~sVtind thus to, an appreciation of.the exchange 
rite. : 

r _ ‘.../ . <.-. ,, ;. : 
', '. * ._,!P . ., . . . . \ _. _, 
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