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1. Introduction'

Under fixed exchange rates, private portfolio behaviour limits the
control of the national monetary authorities over the damestic interest
rate and money supply. If portfolic managers respond to changes in
jnternational interest rate incentlves, a shift in monetary policy

induces offsetting capital flows which vitiate the impact of that policy.

The response of the monetary authorities to these offsetting capitall
flows, however, may preserve samne scope for monetary autonomy. Where

sterilization pOllcy is feasible J , the monetary authorities may choose

J See Herring and Marston (l977b) for a discussion of the f9351b111ty of

sterilization policy.

to neutralize part or all of the impact of offsetting capital flows on
domestic financial condltlons. In gaining greater control over domestic
bank reserves the authorltles pay a price in terms of diminished control
over foreign exchange reserves; increased sterilization decreases the
jmpact of capital flows on bank reserves, but it also leads to larger
capital flows. Thus the authorities must weigh the advantages of
increased monetary autonomy against the cost of greater fluctuations

in foreign reserves.

This paper analyzes the trade-off between control over bank
reserves and control over_foreign exchange reserves implicit in the
choice among sterilization policies. In addition, it presents émpirical
evidence based on German experience in the 1960's to illustrate how

this trade-off was resolved in practice.



In the first section, we outline a model of the monetary sector
in an open economy and show how private portfolio behaviour can modify
the impact of monetary policy. We derive an estimate for the German
econanmy of the offsetting effect of balance of payments flows. This
estimate is based on a structural model of the German monetary sector
which we have described in a recent book,Herring and Marston (1977a)

In the second section we introduce official behaviour and show
how sterilization policy can enlarge the scope for monetary autonamy.
We then report estimates of a reaction function which describes the

sterilization policy of the German monetary authorities.

The third section ccmbines the analysis of private portfolio
behaviour and official behaviour to show the trade-off between monetary
autonomy and stability in foreign exchange reserves which underlies
the choice among sterilization policies, Our empirical investigations
of offset and sterilization behaviour in Germany enable us to illustrate
this trade-off explicitly. We conclude by developing a pair of curves
which show how control over bank reserves and foreign exchange reserves

varies with different degrees of sterilization.

2. Portfolio Decisions in an Open Economy

What distinguishes the monetary sector in an open econamy is the
role of international capital movements in determining the supply of
money and the domestic interest rate. A camplete model of monetary
behaviour must incorporate portfolio decisions that give rise to
capital movements in the same framework as those involving domestic
assets. In addition, the capital movements arising from these
portfolio decisions must be systematically related to bank reserves

and the supply of money.

" The model of the monetary sector which we have specified for
Germany includes three sels of equations which jointly determine
the balance of payments, the supply of money, and the damestic
jnterest rate. A simplified version (using the home country balance
sheets displayed in Table 1) will serve to introduce the main
elements of the model. '



Table 1. Sectoral balance sheets in an open econany

Private non-banks ‘ Banks © Monetary Authorities
DD W R D g B
xd - d RFX

2.1. The balance of payments and the supply of bank reserves “"f

The first set of equations includes two capital flow equations to
explain changes in claims on foreignérs and liabilities to foreigners.
Both equations reflect the underlying portfolio behaviour represented
jn this model by the home demand for foreign bonds (de) and the
foreign demand for hame bonds (Hfd).

The demand for foreign bonds by hame country residents depends
upon the 1nterest rates on hare bonds (].h) and foreign bonds (1 ),
the level of incame (Y, to reflect a transactions demand for money),
and the level of wealth (W). Foreign bonds are dencminated in the
foreign currency so the expected return on these bonds depends not
only on the interest rate, but also on the forward premium (fp) or

the speculative premium (sp) on the foreign currency:“/

-+ o+ + =+
P - i, o, sp, ¥, ). | 1)

—/ The forward premium is de!fiped as((r t-ro) /ro). x 4, where ry is the
domestic currency price of a unit of foreign currency for delivery in
three months, and r, is the damestic currency price of a unit of foreign
currency for spot delivery. The forward premium may be considered the
return from a forward exchange contract to cover the risk of holding

a bond dencminated in foreign currency. The speculative premium

is defined as ((r -T )/r ) X 4, where ri is the expected spot rate
three months hence, and T, is the current spot rate., The speculative
premium may be considered the expected return from holding foreign
currency for three months.




An increase in the covered return on foreign bonds (i f+fp) or an
increase in the uncovered return on foreign bonds ( i f+'sp) induces
hame country residents to substitute foreign bonds for damestic
bonds or money. Similarly, the foreign demand for domestic bonds
depends positively on foreign wealth (Wf), and on the expected return
on both covered (ih-fp) and uncovered (ih—sp) holdings of damestic
bonds. Because domestic bonds are a substitute for foreign assets,
H'fd will depend negatively on the interest rate on foreign bonds

(i f)' and on the volume of foreign transactions (Yf):

fe - mfd g

- - - - +
i, tp, sp, Vg, Wp) (2)

The capital flow equations in the model are specified as linear
versions of these asset demand functions in first difference I”orm.—/

) The claims equation, for example, is first specified in linear

form as follows:
FAW = b +byi +byly + byfp + bysp + bW,

The flow form of the equation then relates Ade to the first differences
of the product of the other variables with W.

The two capital fiow equations together determine the net capital
account of the balance of payments (aK):

sk = a9 o aPd, (3)

As we show in the discussion of the offset coefficient below, the
interest-sensitivity of the capital account is an important factor
determining the extent to which domestic monetary conditions respond
to foreign conditions. The other element of the balance of payments
particularly sensitive to interest rates is the investment income
account. We have specified separate equations for investment incame
receipts (IIR) and expenditureé (1IE). Each equation relates the
investment incame flow to the stock of assets or liabilities as well

as the interest rate received or paid:



¥ . +
IIR IR( 9, i) | c (4)

+ +
HE = IBCH, i) (5)

With these equations, we can trace the impact of a change in interest
rates fram the capital account to the investment income flows generated
by the capital account.

Since the remainder of the balance of payments, consisting primarily
of the trade balance and the balance on non-financial services is
unlikely to be sensitive to current interest rates, we treat these
other elements (denoted by TB) as exogenous in the estimation. The
various elements of the balance of payments can be added together to

obtain the change in foreign exchange reserves as follows:
ARFX = TB + (IIR - IIE) + &K. (6)

International payments imbalances (ARFX), in turn, induce ad justments

in the rest of the monetary sector.

Changes in foreign exchange reserves reflect the authorities’
intervention in the foreign exchange market in support of the exchange
rate, the damestic consequence of which is a change in bank reserves.
Unless other adjustments in the central bank's balance sheet take
place— adjustments which we shall consider in the following section—
a balance of payments surplus (deficit) results in an expansion (contraction)
of bank reserve by an identical amount. Since the balance of payments -
is responsive to shifts in international interest rate differentials,
the link between the balance of payments and the domestic monetary
sector makes bank reserves also responsive to interest rates. A higher
" interest rate on hame bonds, for example, results in an increase in
bank reserves.- Thus within an open econamy under fixed exchange rates,
the supply of bank reserves (RS) is positively related to the home
interest rate as in Figure 1. |
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Figure 1. The supply of, and demand for, bank reserves

2.2. The demand for bank reserves and the determination of interest rate

The demand gsector of our model provides a second link between bank
reserves and the home interest rate. As long as we abstract fran complex
forms of bank behaviour, we can determine the demand for bank reserves
(Rd) in a simple identity relating Rd to the level of bank deposits (DD)
and the required reserve ratios (q):—/

2 = gqx ID. | | ()

-/ 1f banks hold excess reserves, then bank reserves and bank deposits
are no longer strictly proporticnal. 1In Herring and Marston (19771,
pp. 32-37) we show how more sophisticated bank behaviour can be
incorporated in our analysis.

The level of bank deposits, in turn, is determined by the public's demand
for this asset. The demand for bank deposits is positively related to
income and wealth, and negatively related to the home interest rate:

- = = =t
o = DD(ih, if, fp, sp, Y, W ). (8)

In addition, because foreign securities are also substitutes for bank
deposits, this demand is negatively related to the interest rate on
foreign bonds and to the forward and speculative premiums.

Since the demand for bank deposits is negatively related to the
hane interest rate, the demand for bank reserves also must be. Thus in

Figure 1, the curve labelled rd shows the demand for bank reserves |



to be inversely related to ih. The demand and supply of bank
reserves together determine the level of bank reserves and the

home interest rate.

How the different sectors of the monetary model fit together
is illustrated in the flow chart provided in Figure 2. The chart
shows the progression of the model (fram left to right) fram the
balance of payments equations to bank reserves and finally to the
interest rate. On the left side of the chart we can determine the
interest-sensitive elements of the balance of payments. The hame
and foreign interest rates (ih and if), the latter being determined
ocutside this single country model, are the principal endogenous
determinants of the change in claims (aF°) and liabilities (%Y
in the capital account, and of interest expenditures (11E) and
receipts (IIR) in the investment incame account, The flow of
foreign exchange reserves (A&RFX) is obtained by suming all of the
palance of payments accounts. The quantity of home securities and
the quantity of foreign exchange reserves held by the domestic monetary
anthorities together determine the supply of bank reserves (R?). The
reserve identity (Rd = q x DD) then provides a link between bank
reserves and the supply of money. Finally, the interest rate is
determined in a demand for deposits equation thus camnpleting the

circuit of the supply and demand sectors.

2.3. The portfolio response to changes in monetary policy: offsetting
capital flows

Of central concern in this paper is the scope for damnestic monetary
policy when balance of payments flows are of substantial importance.
In particular, we are interested in determining the extent to which

monetary policy actions are "offset" through balance of payments flows.—j

/ The concept of capital flow offsets was developed in connection
with reduced-foreign estimates of capital flow equations. See especially
Porter (1972), Kouri and Porter (1974}, and Kouri (1975).

In Figure 3 we illustrate the offset coucept for the case of an open
market sale of home securities designed to reduce bank reserves (and the

money supply).
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Figﬁre 3. The offset effect in response to an open market sale

of domestic securities

The attempt to reduce bank reserves through an open market sale will
be only partially successful, since the contraction of bank reserves
(by R —Rl) and resulting rise in the hare interest rate will induce
an inflow of capital. To maintain a fixed exchange rate, the
authorities will be required to sell bank reserves in the foreign
exchange market, In the example jllustrated the offsetting capital
flow and the corresponding increase in bank reserves will equal Rz—Rl.
The final change in bank reserves, RO-RZ’ thus will be only a fraction
of the initial change.

The offset can be defined more precisely by solving the supply
and demand for bank reserves for the offsetting capital flow. The
resulting expression relates the capital flow to the open market
sale (AHmd) as well as other factors denoted by X):

K= e+ aX | €

The coefficient a) is called the offset coefficient since it
measures the fraction of a pollcy—lnduced change in bank reserves
which is offset through the eapital account; it is defined as follows —/

d
ay = —Fﬁj) | (10)
@, - (Y - ) |

v "DDh” denotes the partial derivative with respect to ih; Hﬁé and
de are similarly defined. In deriving the expression for the
offset coefficient we have amitted investment incame flows in order

to simplify the analysis.




The size of the coefficient depends upon the interest sensitivities

of the demand for bank deposits (DD, ), home bonds held by foreign
investors (Hf;d), and foreign bonds held by hane investors (ng).

Of particular importance is the degree of substitutability between
foreign and hame bonds as reflected in kald and Ffld If home and
foreign bonds are perfect substitutes, for example, then these interest
sensitivities will be infinite; the offset coefficient, therefore,
will approach minus one, and the induced capital flow will completely
offset the open market sale. In the more general case of limited
substitution between assets, the offset coefficient will be between
zero and minus one, and the induced capital flow will offset only

a fraction of the open market sale. The size of the fraction, of
course, is of crucial importance in assessing the scope for independent
policy.

In our empirical analysis of the German monetary sectorl, we were
able to obtain an estimate of the offset coefficient based on our
estimates of the parameters in the structural equations. We shall
not report the individual structural equations here, since they are
fully described in Herring and Marston (1977a, Ch. 5 and 6). When
the eguations are solved to obtain a reduced form expression for
balance of payments flows as in (8), we obtain an offset coefficient
of -0.78; that is, we found that 78% of an open market sale (or
other policy-induced change in bank reserves) is offset through
balance of payments flows —/ Thus the interest sensitivity of

o Because the structural model reflects the impact of the policy
change on investment income as well as the impact on capital flows
this estimate is a '"balance of payments offset! rather than simply a
vcapital flow offset”. Since the induced flow of investment

jncame and the induced capital flow are in opposite directions, the
capital flow offset alone would be samewhat higher than 78%.

balance of payments flows posed serious problems for the conduct of
German monetary policy.

The offset coefficient alone, however, cannot indicate how
successfully the authorities maintained monetary independence. The

analysis is incamplete until we consider the policy response to

10
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offsetting capital flows. If foreign exchange flows can be sterilized,
a high offset coefficient does not necessarily imply the loss of

‘monetary autonamy.

3. Official Behaviour

3.1, Sterilization policy

As we noted in the preceding analysis, changes in the authorities
holdings of foreign exchange reserves Jead to equal changes in bank
reserves unless they are neutralized by other changes in the balance
sheet of the monetafy authorities. Sterilization operations are
systematic attempts by the authorities to neutralize the monetary
jmpact of changes in their foreign exchange Teserves by opposite

povements in their holdings of damestic assets (Hmdj.—j ) The

J Recent investigations of sterilization behaviour include Argy and
Kouri (1974), De Grauwe (1975, 1977) and Girton and Henderson (1976).

- Other adjustments in the central bank's balance sheet may also
serve to neutralize the monetary impact of a change in foreign exchange
reserves. For example, banks may respond to changes in reserves
associated with a balance of payments surplus (deficit) by decreasing
(increasing) their discount borrowings from the monetary authorities.
Although we investigate this possibility as well as a wider range of
monetary policy instruments in the empirical analysis in the following
section, we have confined the present discussion to open market
operations in order to simplify the exposition. See Herring and
Marston (1977a, pp. 32-37) for a description of bank behaviour and

references to the previous literature,.

authorities will also vary their monetary instruments in an attempt
to achieve policy targets such as full employment, price stability
and rapid econcmic growth. We can represent such systematic policy
responses in terms of a reaction function which relates changes in
official holdings of bonds, Admd, to changes in domestic policy
targets (48Z), to changes in foreign exchange reserves (ARFX) and to

other exogenous disturbances (aN):
o | | )
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w™ = R (42, BRFX, &) = R A%+ RMRFX + RyMN (11)

Foreign exchange reserves are separated from other policy targets
'and disturbances because they serve a dual role: any change in RFX
leads to a change in bank reserves which the authorities may wish
to sterilize; but, if the authorities are concerned about external
balance, ARFX may also signal a need for a policy action to attain

external balance.

If the monetary authorities were exclusively conmmitted to the
attainmeht of their domestic objectives, then they would camnpletely
sterilize all changes in foreign exchange reserves in order to prevent
foreign exchange flows fram interfering with the attainment of their
policy goals. The sterilization coefficient, RZ’ would equal negative
one; for example, an increase in RFX would be met by an equal sale of
bonds to keep bank reserves constant, But the authorities may also
be concerned with the attainment of external balance. Indeed, if
external balance were the sole objective of monetary policy, the
authorities might permit any change in foreigr exchange reserves 1o
be fully reflected in changes in bank reserves, The sterilization
coefficient would be zero; open market operations would not respOnd'to
a- change in foreign exchange reserves.—/

J Under one interpretation of the 'rules of the game' under the gold
standard, the monetary authorities were supposed to reinforce the
monetary impact of gold flows by'making their domestic assets move in
the same direction as their foreign assets, ¥or further discussion

of this point, see Yeager (1966, Ch. 15).

3.2. How sterilization modifies portfolio behaviour: the net offsetting
impact of capital flows

The sterilization coefficient, R,, is a crucial parameter in the
financial system., It is potentially as important as the degree of
substitutability between domestic and foreign assets in determining
the extent to which domestic financial conditions are affected by
external factors,
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Sterilization has two impacts on the monetary sector: (1) it

increases the capital flows associated with any disturbance or policy
action, and (2) it decreases the impact of the capital flows on bank
reserves. The response oOf capltal flows to a policy-induced change in
bank reserves (31AZ), for example, is enhanced when sterilization is
taken into account. We can derive an expression for the impact on
capital flows'by substituting the reaction function (11) into the
offset equation (9) to obtaiﬁ:-/ |

AK = AZ, ' ‘ (12%
1—a1R Rl B

-—/ In deriving this expression we have ignored the other exogenocus
elements in the reaction function and offset equation.in order to focus
on the response to open market operations in pursuit of policy targets,

We have also ignored the induced interest payments in the identity

ARFX = AK + ITR - IIE + TB.

The capital flows induced by the shift in bank reserves will be
increased if sterilization operations are undertaken (i.e., when

-1l < B2 < 0)., Indeed, the magnitude of the induced capital flows

will increase more than proportionally as the sterilization coefficient

approaches negative one.

On the other hand, the impact of the capital flows on bank
reserves is reduced as sterilization is increased. To derive an
expression for the impact on bank reserves, we mst distinguish
between the final change in bank reserves (AR ) and the 1n1t1al
change in bank reserves (R1AZ), which induced the capital flows.
The difference between the final change and the initial change,
ARS—RlAZ, is the net impact of capital flows on bank reserves:

OB AL = (™ + 4Ky - RpZ = (14Ry) A (RlL\.Z) (13)
1-248y
The coefficient of Rlﬂz is called the "nef offset coefficient” since
it reflects the offsetting impact of capital flows net of the
sterlllzatlon ‘that is induced., It is clear from this expression

that as sterilization becames more ccnplete, the net offsettlng
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impact of capital flows on bank reserves becames smaller. In fact,
when sterilization is complete, the net impact becomes nil.

Sterilization thus has opposite effects on capital flows and
bank reserves, If sterilization is ihcreased to reduce the impact
of capital flows on bank reserves, a price must be paid since the
capital flows induced by a disturbance are thereby increased., As
a result, choosing a sterilization policy implicitly involves choosing
a point on the trade-off between control over foreign eﬁchange reserves
and control over bank reserves, '

Before turning to an assessment of the trade—off which faced
Germany during the 1960's, we will discuss empirical evidence concerning
the reaction function of the German monetary authorities., We shall
examine this evidence in same detail because, in view of the large
offset coefficient for Germany, sterilization behaviour is of utmost
importance in assessing the effectiveness of German monetary policy
The reaction function, moreover, is the crucial element that is
frequently missing in traditional discussions of monetary policy
under fixed exchange rates,
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4, Sterilization Policy in Germany

4.1. The instruments of monetary policy

In specifying a reaction function, one of the most important
decisions involves the choice of a dependent variable. The choice of
this variable is implictly an assertion about what the Bundesbank
controls. We have taken a very cautious approach to the question,
rejecting such intermediate concepts as M1, M2, M3, bank liquidity,
free liquid reserves or the interest rate — in favor of those
quantities which the Bundesbank controls directly -— reserve
requirements, open market operations, forward swap operations,
placements of official deposits, and the discount rate. In order
to sumarize changes in the various policy instruments in a conparable
fashion, we have expréssed each of the pblicy changes in terms of its
impact on bank reserves. Qur treatment of the varioué policy instruments
of the Bundesbank is most easily understood by considering the simplified
balance sheet appearing in Table 2 in which the liabilities of the
Budesbank consist solely of bank reserves: '

Table 2. A stylized Bundesbank balance sheet

- ‘Bundesbank
Hmd Rs
B
R¥X

i

The assets of the Bundesbank include holdings of government securities
net of government deposits placed at the Bundesbank (Hmd ), borrowed

reserves (RB), and foreign exchange reserves (RFX).
4,1.1. Change in unborrowed reservés

Open market opera.tions and shifts in government balances between
the Bundesbank and the commercial banks affect bank reserves by
changing the Bundesbank's net holdings of domestic assets (AHmd ).
Official swap operations, which provide banks with forward cover for
their investment abroad, affect bank reserves by changing the



Bundesbank's holdings of foreign exchange reserves.(ARFX).—/ Through

-/ The total change in foreign exchange reserves (ARFX) can be
decamposed into a portion attributable to chahges in swap commitments
(ASW) and a portion attributable to other balance of payments
transactions (ARFX'): '

ARFA = ARFX' — ASW.

For further discussion of swap operations, see Herring and Marston
(1977 pp. 141-42).

either type of policy, the Bundesbank can influence the level of
unborrowed reserves. The policy-controlled change in unborrowed
reserves, denoted by APUR', is defined as

sour' = ap™ - oasw, o (14)

where ASW is the portion of ARFX attributable to swap conmitments.
According to this expression, open market operations or shifts in
govermment deposits (AHmd)'inCrease unborrowed reserves, while increases
in swap commitments (ASW), which lead to a fall in foreign exchange

reserves, réduce unborrowed reserves.
4,1.2., Changes in reserve requirements

Changes in reserve requirements alter the extent to which any
given quantity of bank reserves can be used to sustain deposit
expansion. Changes in reserve requirements do not generally have
an exact correspondence to changes in the stock of required reserves
(ARR) since required reserves may change not only because of a change
in reserve requirements (4q), but also because of changes in the
stock of deposit liabilities subject to reserve requirements (ADEP),
The change in the stock of required reserves is, thus, the sum of
two components —— the first due to a shift in monetary policy and
the second due to a shift in holdings of bank deposits:

MRR = DEP_jAq + q_,a0EP.~/ (15)

J Plus the second order term, Ag - ADEP, which we ignore.

16



In order to incorporate changes in reserve requirements into the
analysis, we modify APUR' to include the effect of Aq on required
reserves. The resulting series, called the effective change in
unborrowed reserves, APUR, is defined as:

WPUR = APUR* - DEP_jaq = sH™ - aSW - DEP_aq (16)

4.1,3. Changes in borrowed reserves

If borrowed reserves (RB) are also considered to be under the
control of the Bundesbank, then the reserve aggregate controlled by
the Bundesbank consists of borrowed plus unborrowed reserves.—/

- In order to test whether the Bundesbank controlled APUR or APUR + ARB,
we estimated a form of the reaction function in which APUR was related
to ARB and other variables, In this specification, the coefficient of
ARB reflects the extent to which changes in borrowing are coordinated
with other policy instruments or, if borrowing is not fully controlled,
the extent to which changes in borrowing are neutralized by changes in
other policies. We found that the estimatéd coefficient is not
significantly different from negative one; this implies that the
Bundesbank controlled the more aggregative measure of reserves,

AMP =  APUR + ARB. The estimated equation (for the period

1960 IXI - 1971 I) is:

APUR = - 0.968 ARB' ~ 0.903 ARFX'* + 4.808 q_,0Y'Y
(-12.0) (-28.1) (2.4)
- 2.207 q_#40_, - 1.363 q_ %P | - 2.912 Sl
(-5.3) (-2.3) (-11.2)
+0.703 82 + 2,70 84 + 0.288,
(2.1) (11.4) (2.2)
R? = 0,9812, DY = 1.97,. SEE = 0.563, RHO = -0.54 -
| (-4.2)

In this equation, ARB (like ARFX') is treated as an endogenous variable
to avoid the simultaneous equations bias which arises if banks increase.
their borrowing fram the Bundesbank to offset reductions in unborrowed
reserves, The explanatory variables are defined and discussed in
Section 4.2.
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The monetary policy instrument then becomes the policy - controlled
change in effective bank reserves or, more briefly, "the change in
monetary policy," which we shall refer to as AMP:—/

AMP = APUR + ARB | (17)

—/ We also investigated the possibility that the Bundesbank allowed
shifts in the demand for'currency to affect bank reserves.- (If the
Bundesbank fails to expand the monetary base in response to an increase
in the demand for currency, for example, then bank reserves must
decline as currency holdings increase). We estimated a form of the
reaction function in which AMP was regressed on the change in
currency holdings (ACUR) and other variables. If the Bundesbank
fails to react to a shift in the public's holdings of currency, then
bank reserves will vary inversely with currency, and the coefficient
of ACUR will be significantly negative. The estimatéd equation is
reported below (for the period 1960 111 - 1971 I):

AMP = - 0.120 ACUR - 0,908 ARFX'* - 0,146 %40 ; - 0.097 %P _;
(0.5)  (-48.5) (-4.7) (-2.7)
+ 0.502 aY% +-2.96 S1 + 0.888 52 + 2.74 54
(4.7) (-11.7) (2.4) (12.6)
=2 |

R“ = 0.9867, DW = 1.83, SEE = 0.618, RHO = -0.442 .
_ (-3.2)

The coefficient of ACUR is not significantly different from zero, which

implies that the Bundesbank prevented shifts in currency holdings from

affecting bank reserves, _

The explanatory variables are defined and discussed in Section 4.2.

4.2. Estimation of the reactiOn function

Because of legal and institutional obstacles to the effective
exercise of discretionary fiscal policy, the Bundesbank assumes
principal responsibility for attaining macroeconomic objectives such
as full employment, price stability, satisfactory economic growth and

balance of payments equilibrium, These macroeconamic objectives are



likely to influence changes in AMP as are the flows of foreign exchange
reserves which might otherwise vitiate the Bundesbank's control over
bank reserves in pursuit of these macroeconomic 6bjectives. The
reaction function, thus, relates AMP to current and lagged changes in
domestic target variables, AZ, and to changes‘in foreign exchange

reserves, ARFX.

AMP = &, q_A2 *+ & ARFX. , - (18)
The monetary targets are scaled by the average reserve requirement,

q_y to reflect the fact that when the reserve requirement is higher,

it takes a proportionately larger increase in bank reserves to achieve

8 given expansionary effect.—/

J It seans likely that the Bundesbank views the transmission of
monetary policy as depénding on same intermediate variable such as
bank loans or deposits, rather than bank reserves per se. Thbus
the variables which represent changes in bank reserves, AMP and
ARFX, are scaled by the predetermined, required reserve ratio to
reflect the expansionary potential of a change in bank reserves:

" AMP ~ ARFX
= AL+ —_——
a3 "1 "2 e
After miltiplying through by the predetermined, required reserve
ratio, we obtain the expression for the reaction function in the

text, For the derivation of a similar reaction function within

the context of a formal model of policy optimization, see Herring

In the estimated equation, we have included three variables as
indicators of the Bundesbank's damestic objectives:

%AP = the rate of inflation,
250 = the percentage change in manufacturing orders, and
AYtr = the change in trend income

In addition, the independent variables in the reaction function include:

19
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ARFX' = the change in foreign exchange reserveé ,--/ and
S1, S2, S4 = seasonal dumy variables,

-/ Since swap commitments are an instrument of monetary policy (included
in AMP), ARFX' is adjusted to exclude the corresponding capital flow,

In practical terms, however, this adjustment made little difference

to the values of the estimated coefficients.

Estimation of the reaction function over the period 1960 ITI - 1971 1-/—/
yields the following results:

M = - 0.913 ARFX'* - 2.15q_ %0, - L78q_ %P,  (19)
(-49.6) (-5.4) («3.2)
+ 8.08q Y - 31451 + 11452 + 2.83 54
(6.8) (~15.1) (4.7) (14.4)
R = 0.9878, DW = 1.92, SEE = 0.582, RHO = -0.372.
| (-2.6)

—/ This interval of time begins after the German revaluation in March 1961
and concludes before the dollar peg was abandoned in May 1971.

. Below the coefficients we have reported t-statistics. ' The equation
is a two-stage least squares estimate obtained by using the structurally
ordered instrumental variable procedure. For a discussion of this
procedure, see Fisher (1965) and Mitchell and Fisher (1970). An

asterisk, '"*", denotes variables which were treated as endogenous.

The coefficients of the domestic variables — %P and %0 —
reflect a conventional monetary policy of leaning against the wind:
a 1% increase in the annual rate of inflation (%AP) will lead to a

DM 137 million de_crease-/ in effective bank reserves and a 1% increase

/ This calculation and the ones that follow are based on the average
value of q_; over the sample period, 0.077.
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in new orders (%0), a leading cyclical indicator, will lead to a
DM 165 million reduction in effective bank reserves (given the
trend growth in income represented byAY 1 ). A 1% increase in
trend income will lead to a DM 205 million increase in effective
bank reserves (given the cyclical change in income represented by

%0).in order to finance the increased volume of econamic activity.

The significance.of the seasonal dumies illustrates the
point that much of the variation in the monetary policy instruments
is in defence of monetary stability rather than in active pursuit
of other policy goals. Indeed, much of what any central bank does
is directed at offsetting the effects on bank reserves of seasonal
movements in such factors as currency in 01rcu1at10n, government
tax recelpts and float,

4.3, Sterlllzatlon policy

Toe value of the sterilization coefficient, -0.913, indicates
that the Bundesbank placed primary emphasis on pursuit of its domestic
objectives rather than on the maintenance of external balance. During
each quarter, approximately 90% of the change in foreign exchange
reserves was sterilized. Thus despite the high interest-sensitivity
of German capital flows, the authorities maintained a substantial
degree of control over the German money supply.

Tests for stablllty, moreover, show that this sterilization
policy was remarkably steady over the estimation period. -/

-/ The sterilization coefficient was tested for stability in a

variant of the Chow tests for stability between sets of coefficients,
The test involves entering selected observations for ARFX' twice in

the estimated equation, The entlre series is entered as in equation (19)
‘and, in addition, the selected observations are entered as part of

a dummy variable in whlch the other observations are set equal to zero.
The estimated coefficient of this dumy variable is the amount by

which the sterilization coefficient shifted in the selected per10d<

The coefficient of the dummy variable may be submitted to a conventional
t-test to determine whether the shift in the sterilization coefficient
is significantly different from zero. in the selected periods. - The
results are reported in the following table:



...............

"/ (cont.)

Tests for shifts in the sterlllzatlon coefflclent

......................................................................

Test coefficient

e e Hypoth L o

............... A...?P?..?%??..........................(t statistic).

(1) The degree of sterilization decreased 0,107
after 1968 (~1.20)

(2) Iarge foreign exchange flows (i.e., flows 0,037
larger than 10% of the monetary base) were (-0.71)

less effectively sterilized than other
foreign exchange flows.

(3) Foreign exchange inflows were less ’ -0.010
effectively sterilized than outflows : (-0.26)

a) The coefficient reported is a,, the coefficient of the product
of ARFX and the appropriate dummy variable (D), in the following

" regression equation:

r = 1 1
AMP | aleRFX + a,(ARFX D) + a3q_l%AO?1 + a4q_l%AP_1
' tr '
+ a5q_1AY_1 + a681 + a782 + a884.
None of the coefficients of the dummy variables is statistically

different from zero; thus there is no evidence of a shift in the

sterilization coefficient.

In addition, the sample period was split at the first quarter of 1968,
a year in which flows of foreign exchange increased markedly and the
reaction function was . estimated over each part of the sample period.
The results were sutmitted to a Chow (1960) test; there was no

evidence of a struetural shift.

The Bundesbank was able to sterilize flows of foreign exchange that
were greater than 10% of the monetary base as readily as smaller
flows, net inflows of.foreign exchange as well as net outflows,
and flows during the last quarter of the decade as effectively as
during the first three quarters of the decade, Our findings thus
suggest that German sterilization policy was consistently effective
throughout the decade. A

22
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5. The trade off between monetary aut onomy and reserve stability

The Bundesbank's sterilization policy afforded it con51derab1e
scope to pursue damestic objectives. This degree of monetary
autonomy, however, was purchased at a cost in terms of external
imbalance. As shown in equation (13), an increased degree of
" sterilization reduces the net impact of capital flows on bank
reserves, thus enabling the monetary authorities to better control
bank reserves. But, as shown in equation (12), an increased degree

of sterilization also amplifies the magnitude of offsetting capital
' flows; 1arger capital flows are induced because sterilization ~
inhibits the adjustment of domestic interest rates relative to

foreign rates.

Our structural model of the German monetary sectér can be
used to examine this trade—off between monetary autonomy and réserve
stability. Figure (4) illustrates the response of the monetary
sector to an initial increase in bank reserves by DM 1 billion. The
two graphs show the implications of alternative sterilization policies
(i.e., alterpative values of the sterilization coefficient) for
offsetting capital flows and for the net offsetting impact of capital

flows on bank reserves,

The lower curve,representing the net offset effect on bank
reserves, shows that as sterilization becomes more complete, an
increasingly smaller amount of the initial increase in bank reserves
is lost from the domestic banking system. In the extreme case, where
sterilization is complete, the full
reserves stays in the domestic banking systen and the net offsetting
1npact of capital flows on bank reserves is zero.

Canplete sterilization, of course, would have enabled the
German nnnetary authorities to determine bank reserves solely on
the basis of damestic ohjectives, One reason that the Bundesbank
did not choose to sterilize campletely is suggested by the upper
curve which shows the impact on foreign exchange reserves of alternmative
sterilization policies. When sterilization is camplete, the inpact
of changes in monetary policy on foreign exchange reserves 1s largest.
FEven when no sterilization is attempted, the impact of a change in
mpnetary policy on foreign exchange reserves is quite large: the
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initial DM 1 billion increase in bank reserves leads to a decrease

in foreign exchange reserves nearly 80% as large, The impact

becomes even larger, however, as the degree of sterilization is
increased, Indeed, the relationship between sterilization and

‘ the impact on reserves is non-linear; higher degrees of sterilization

lead to more than proportionates losses in foreign exchange reserves.

Alternative sterilization policies thus have important
implications for monetary autonamy and reserve stability. The more
complete ‘the degree of sterilization chosen, the greater the
benefit in terms of enhanced control over domestic bank reserves,
~but also the greater the cost in terms of loss of control over
foreign exchange reserves. While our empirical evidence has
focused on the German econamy, a similar choice between monetary
autonamy and reserve stability confronts a\.njY econany where

sterilization policy is feasible.
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