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latroduction )

One of the better known controversies in macroeconomics revolves around the link
between monetary policy and real sector activity. See Bernanke and Blinder (1988,
1992), Dale and Haldane (1995) and Sims (1992). There are two aspects of the problem:
firstly, does monetary policy impact on real activity (and to what extent) and, secondly,
what are the channels of transmission? Of particular interest in this fransmission process
is the role of commercial bank money and credit.

[n this paper, an attempt is made to answer these questions empirically in the case of a
small open economy, Trinidad & Tobago. The framework employed is a small
unrestricted VAR model of the Trinidad & Tobago economy of the form:

yi=Ihyo Hlhyo+ .o+ Iyt Bx, g (1)

where y, is a vector of p endogenous variables, x, is a vector of exogenous variables, [T,
IL, .., I, and B are matrices of coefficients to be estimated, and g, is a vecfor of
innovations that are correlated with each other but uncorrelated with their own lagged
values and uncorrelated with y,_; and x,. The assumption that the disturbances are not
sertally correlated is unrestrictive because any serial correlation could be absorbed by
adding more lagged ys.

The main objective of the paper is to evaluate the impact of a monefary shock on
monetary and, more importantly, real variables (like prices, employment, income and so
on). Following Bernanke and Blinder (1992), an instrument of monetary policy in
Trinidad & Tobago, the Treasury Bill Rate, is isolated and its innovations interpreted as
policy shocks. Under the assumptions governing (1), “the reduced-form responses of the
economy to observed policy shocks would correctly measure the dynamic structural
effects of @ monetary policy change” (Bernanke and Blinder, p. 902). This allows us to
determine the nature and extent of the monetary transmission mechanism.

Monetary policy in the context of the VAR model considered in this paper is partly
exogenous and partly endogenous. It is exogenous because the policy instrument is. in
the final analysis, perfectly controllable by the monetary authority and innovations to this
instrument are generated autonomously. But it is endogenous because there are also
“within-period” feedbacks so that unpredictable movements in the monetary policy
variable are generated in part by disturbances originating elsewhere in the economy. This
endogenous response occurs through the monetary authority’s reaction function which is
also the subject of inquiry in this paper.

The rest of this paper is organised as follows: in the following section, the data used and
the methodology of analysis used are discussed. The results are then presented and
analysed in another section after which the paper is concluded.
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Data and Methodology

The system to be used as the basis of the investigation must comprise a monetary policy
instrument {already identified as the treasury bill raie), potential channels of monetary
transmission (commercial bank balance sheet data like loans and deposits as well as
associated “prices” like interest rates) and, finally, target variables like employment,
income and prices. The monetary authority’s reaction function is likely as well to be
influenced by movements in the exchange rate and this, too, should be included.

The estimated VAR is based on quarterly data on eight (8) variables from 1970:1 to
1995:4. These variables, which summarize the concerns raised in the previous paragraph,
are the treasury bill rate; the exchange rate and the loan rate of interest; total banlk
deposits and loans (which are, respectively, “money” and “credit” items) and, finally,
income, unemployment and the price level.

The ireasury bill and loan rates appear in the model in their raw form, but all the other
variables appear in logarithmic form. The exchange rate used is a crude measure of the
real effective exchange rate, obtained by deflating the nominal rate of the US dollar
(expressed in 1T dollars) by the US consumer price index. Data sources are given in
Appendix.

In a model like this one, the effects of policy shocks can be unambiguously identified
with the impulse response function which traces the response of an endogenous variable
to a change in the policy innovations. Specifically, it traces the effect on current and
future values of the endogenous variable of a shock to one of the innovations. If the
innovations are not correlated with each other, interpretation is straightforward; but the
ambiguity in interpreting impulse response functions arises from the fact that the errors
are never totally uncorrelated. When the errvors are correlated they have a common
component which cannot be identified with any specific variable. A somewhat arbitrary
method of dealing with this problem is to attribute all of the effect of any common
component to the variable that comes first in the VAR system.

More technically, the errors are orthogonalized by a Choleski decomposition so that the
covariance matrix of the resulting innovations is diagonal. While the Choleski
decomposition is widely used, it is a rather arbitrary method of attributing common
effects. Changing the order of equations can dramatically change the impulse responses
but, provided that there is no contemporaneous feedback from the non policy variables
onto the policy variables, there is a theoretical justification for placing the monetary
policy instrument at the top of the system. The (recursive) mapping between the policy
and non-policy variables then constitutes a valid representation of the monetaty
transmission process. If attention is restricted to the responses of the non-policy variables
to shocks to the policy instrument, then ordering of the non-policy variables is not an
issue since these responses are invariant to any such ordering. See Dale and Haldane
(1995).



Rqsults

All 8 variables were pre-tested for unit roots and they were all established as I(1). The
VAR equations were all fitted by Ordinary Least Squares using the levels of the variables
after it was verified. using the method proposed by Johansen (1988), that the variables
were cointegrated (there were in fact 5 cointegrating vectors). The optimal lag length was
established as three (3) quarters using likelihood ratio “redundant variable” tests.

The results of the VAR estimation are not in themselves interesting and are not shown
here. Figure | below shows the impulse response functions over a five year period (20
quarters) resulting from a one standard deviation shock to the policy innovations.

A Figure 1 .
. Impulse Response Functions Based on One Standard Deviation Shock to Treasury Bill
Rate Innovations
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Confidence interval bands (95%) for the responses are clearly shown. For the variables
expressed in logarithmic form, these responses trace out a cumulative growth rate relative
to the base period when the shock occurred while for the interest rates (which are
expressed as percentages), the responses trace out the percentage point changes relative to



the base period. The order shown in Figure 1 (treasury bill rate. exchange rate, ..., retail
price index) reflects the ordering of the VARs in the model.

There appears to be some superficial evidence that the monetary transmission mechanism
works more through the credit (loans) rather than through the money (deposits) channel.
The loan rate increases immediately as a result of the initial shock and this is followed by
a marked and sustained fall in the demand for loans. We would normally expect, in a
situation of rising interest rates, that bank deposits would rise. In the current context,
however, they fall and at best hover around “zero change” some time thereafter. One
plausible explanation is that economic agents respond to the inifial shock by drawing
down on accumulated deposits rather than through raising loans. The resuiting fall in
loans and in the money supply is reflected in falling production {GDP) levels, increasing
unemployment and rising prices but these real variables seem to shadow more closely
movements in the credit rather than the money variable. Below, however, when the
variance decompositions are examined in some more detail, some more convincing
evidence for the greater importance of money (as opposed to credit) will become more
apparent.

Monetarists would usually argue that a fall in the money supply should be accompanied
by falling rather than rising prices and that the national currency should be strengthened.
But the opposite seems to be happening here. One possible explanation, following Sims
(1992), is that the monetary authority has information about inflationary pressures which
is not normally available. The shock, then, appears to result in increasing prices in the
presence of monetary contraction but in reality these increases would have occurred
anyway and might in fact be smaller than they would be in the absence of the monetary
shock. These rising prices are also consistent with falling demand (GDP) and with
devaluation of the cuirency.

Another explanation, perhaps more plausible than the first, is that prices are set on a cost-
plus basis (Dale and Haldane (1995)). Price increases therefore result from a mark-up on
increased variable costs which themselves result from the initial increase in interest rates.
Demand (GDP) subsequently falls as a result of higher prices.

The responses of the real sector variables (income,; unemployment and prices) to the
policy shock present some evidence of long-run money neutrality: they tend to taper off
over time and seem to have all but disappeared by the end of the 5 year period. As for the
policy reaction function of the monetary authority, the response of the treasury bill rate to
a shock in its own innovations seem to indicate a gradual movement back to its original
position which is consistent with an adjustment of monetary policy to the {once-for-all}
shock.

It is also interesting to look at the variance decomposition of a VAR which gives
information about the relative importance of the random innovations. Table | below
shows a separate variance decomposition for each endogenous variable based on the
policy shock to the treasury bill rate. The first column is the forecast error of the variable
for different forecast horizons (up to 15). The source of this forecast error is variation in
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the current and future values of the innovations. The remaining columns give the
percentage of the variance due to specific innovations. One period ahead, all of the
variation in a variable comes from its own innovation, so the first number is always 100
percent. Again, this decomposition of variance depends critically on the ordering of

equations.



Table 1

Variance Decompositions of Model Variables
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Variance Decomposition of Total Deposits (TOT.DEP):
Period S.E. TER ER LE LOENS TOT.DEP GpP UNEME RPI

1 0.028640 7.615718 0.284848 0.020167 0.347563 91.73170 0.000000 0.000000 0.0060000
2 0.040878 9.13583% 1.969183 0.24079% G,&e312748 86 ,97740 0.556437 0.012757 0.43232048
3 0.050171 7.274123 2.295158 0.724439 0.669346 85.75401 2.768565 0.193229 0.3210868
4 0.057543 5.54228%9 2.841622 0.636691 0.882136 83.91287 5.403781 0.545283 0.255328
s 0,065137 4.337830 3.548093 0.498969 1.1645039 B0,67490 8.382308 1.183769 0.209823
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140 0.102451 1.787451 15.08262 0.293500 1.331713 61.8B5655 14.52551 4.509147  0.613502
11 0.109237 1.573844 17.30196 0.321644 1.3243054 58.45678 15.34436 4.994505 0.663857
i2 0.115854 1.359180 19.28931 0.363551 1.323418 55.47660 15.92846 5.50401¢ 0.705462
13 0.1224009 1.254093 21.00731 0.423860 1.289224 52.86787 16.37308 6.036427 0.748141
14 0.126881 1.133373 22.47183 0.489401 1.239459 50.60682 16.68007 6.530749 0.788305
15 0.135353 1.025602 23.,74059 0.5607390 1.1.83857 48.61734 1¢6.89858 7.139464 0.825787

* Variance Decomposition of GDP:

Period S.E. TBR ER LR LOANS TOT.DEP GDP UNEMP RPI
1 0.0202062 0.344863 1.197857 0.0566293 0.330072 1.597520 56.07326 0.000000 0.0006000
2 0.023034 0.511281 1.306842 1.803613 0.93459¢6 1.5%76473 €9.27310 2.28908¢ 2,304598
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g 0.038262 3.653297 6.451428 2.3505857 1.255391 19.22007 47.45565 18.34057 1,2373040
7 0.042728 3.574701 7.830877 3.177552 1.101883 20,84058 43,63847 18.,71432 1.023613
& 0.046543 3.418105 9.740326 3.4791¢6 0.955%066 21.78553 40.66854 19.04463 0.8988632
g9 0.051068 3.198686 11.97587 3.855339 0.8832928 22.58560 38.33374 18.40646 0.750371
10 0.055362 3.19%150 14,54537 3,95021s8 0.773623 23.08973 35.92832 17.84319 0.670203
11 0.059936 3.1B6318 16.74122 4.181775 0.677038 23 .56744 33.95703 17.082588 G.585310
1z 0,064197 3.206803 18.62276 4,251179 0.59014¢6 23.87222 32.15087 16.65460 0.551621
13 0.068531 3.158192 20.06987 4.273931 0.518194 24 ,51675 " 30.6638¢C 16.29696 0.5023086
14 0.072710 3.076579 21,.35646 4.148290 0.475197 25.13520 29.21108 16.13566 0.461519
ib 0.076951 2.920085 22.49583 3.584856 0.443940 25.82953 27.91108 16.000086 0.414915
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The nature of the monetary transmission mechanism can be traced through the figures in
this table and there is considerable evidence of dynamic feedback among the variables
comprising the model. There also appears to be some more tangible evidence in favour
of the relative importance of money as opposed to credit in the monetary transmission
process. Take. for instance, the contribution of money (total deposits) to forecast errors
in production (GDP): it rises steadily from 2% in the first quarter to almost 26% in the
15th quarter. The contribution of credit (loans) to the same process never rises above 1%
over the same period. A similar story can be told about the effect of these two variables
on unemployment but, in the case of prices, it is somewhat different. The credit variable
accounts for about 17% of the error in prices by the 15th quarter while the money
variable accounts for about 5%.

The monetary authority’s reaction function can also be studied in some detail through
these variance decompositions. In the case of the policy instrument itself (the treasury
bill rate), the-“own” contribution to forecast error shrinks from 100% to 38.8% over 15
quarters while money (deposits) increases its confribution from 0 to 21.5% over the same
period and credit goes from 0 to 4.7%. In the case of the exchange rate, the money
variable increases its importance from 0% to over 15% while the credit variable accounts
eventually for about 3% of the variation.

Counclusion

There emerges from this study the tentative conclusion that both money and credit matter
in the monetary transmission process but that money may play a much more important
role. There are, however, some limitations, principally in the data used, that may
attenuate this conclusion.

In the first place, largely because of the absence of pertinent data, the model uses
aggregates and, in particular, it aggregates all sectors of the economy. Dale and Haldane
(1995) have found that, in the United Kingdom, the monetary transmission process in the
“personal” sector may ditfer from that of the “corporate” sector. In particular, they found
that the players in the personal sector increased their holdings of bank deposits following
an increase in interest rates while those in the corporate sector hold less. It is possible
that the Trinidad & Tobago data used in this paper are dominated by the corporate sector
but it may also mean that the personal sector responds differently in Trinidad & Tobago
from the United Kingdom.

The “money” variable used here may also be problematic. First of all, it comprises total
deposits which are made up of demand, savings and time deposits for which responses to
interest rates may differ (and this can be complicated by the sectoral aggregation already
discussed). Secondly, there is the problem that this definition of money does not take
into account the “Base Money” (M) under the direct control of the monetary authority.

[t is, however, an interesting start to a debate on a well known subject within the
framework of a small open economy where the endogeneity of money and monetary
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policy is often taken for granted. The next step will be to lock at similar economies
where data scarcity may be an even greater constraint. But the questions posed need to be
answered as there are obvious implications for monetary and more, general economic
policy in countries like these.
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Appendix
Data Sources

Data Capture
The data collected for this exercise are from three (relatively reliable) sources. These are:

{1) The Quarterly Statistical Digest {QSD) of the Central Bank of Trinidad and
Tobago.

(i)  The Annual Statistical Digest, the Annual Labour Force Report and the Retail
Price Index Bulletin of the Central Statistical Office.

(iii)  The International Financial Statistics (a monthly publications of the
International Monetary Fund). o

The Table Al below lists the raw series as they were “captured” from the above
publications. All the data are quarterly and cover the period 1970Q1 - 1995Q4.

Table Al

Raw data series; sources and description

Total Deposits (QSD, Table A2, TTS/Mn.

Gross Domestic Product The original series in annual format is drawn form the CSO
publication “The National Income Accounts of Trinidad &
Tobago™. It is converted info quarterly data following a
procedure outlined below.

Cominercial Bank Loans QSD, Table C9, TTS/Mn.

Interest Rate (Weighted Average Loan Rate) QSD, Table Gt.

Exchange Rate The nominai rate (TTS/USS) is sourced from [FS, 369 rf

(quarterly average). Deflated by US consumer price index

to obtain real effective rate

Retail Price Index CSO: Retail Price Index Bulletin.
Treasury Bill Rate IFS, 369, 60c.

Unemployment Level Aunnual Labour Force Report.

S Consumer Price Index IFS, 11§, 64.

QSD = Quarterly Statistical Digest of the Central Bank of Trinidad & Tobago
IES = [nternational Financial Statistics
CS0 = Central Statistical Ottice of Trinidad & Tobago

The Special Case of GDP

The quarterly series is computed in two steps. [n a first step, annual data obtained from the
CSO are converted to quarterly data by the Lisman and Sandee routine. Secondly, GDP
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growth rates calculated-from the Central Bank Quarterly (real) GDP index were applied
to these figures from 1982Q1. This allowed for the generation of a quarterty GDP series
from 1982-1995. The series retained for use in the models is a combination of the series
generated from Lisman and Sandee (1971Q1-1981Q4) and from application of the
Central Bank index (1982Q1-1995Q4).



