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INTRODUCTION 

Shdton Nicholls 
Hyginus Leon 

Patrick Watson 

The decade of the 1990s has ushered in major structural 
change in most of, if not all, the economies of the Caribbean 
Basin. The world has witnessed the fall of communism, an 
increase in global tensions and the formation of a new 
institution - The World Trade Organisation - following the 
conclusion of the Uruguay round. These developments 
coincide with a shift in the philosophy of most southern cone 
countries (Africa, Latin America and the Caribbean) from a 
protectionist stance towards greater liberalisation both in 
terms of trade and finance. These new developments 
worldwide have resulted in greater volatility and uncertainty 
in economic affairs. If the small island economies of the 
Caribbean Basin are to survive in this new and uncertain 
environment, there is an urgent need to develop systems that 
allow for greater accuracy in predicting the course that 
Caribbean economies are likely to take in the twenty-first 
century. 

Macroeconomic modelling arose in the Caribbean and 
elsewhere as a means of providing a framework to allow 
policy makers to make decisions in an environment of 
uncertainty. In the decades of the 1950s and 1960s, there was, 
relatively speaking, a greater degree of stability in the 
behaviour of economic processes. Indeed, macroeconometric 
models enjoyed great prominence worldwide because they 
were able to predict with some degree of success the future 
course of several important policy variables (i.e. inflation, 
growth and employment). In the Caribbean however, during 
the 1950s and 1960s, macroeconometric modelling was very 

---------------fC.aribbean Centre for Monetary Studies 



2 IntrodllCfion 

much at an embryonic stage. Naturally, most Caribbean 
economies in the decade of the 1960s were just becoming 
independent, with the consequence that there was generally 
an insufficient number of observations to permit robust 
econometric estimation. 

During the decade of the 1970s, major changes occurred in 
most of the island economies of the Caribbean Basin. This 
period witnessed the oil price shock, increased trade union 
activity and the rise of the structuralist paradigm in both 
academic and policy circles. This structuralist revolution was 
heavily influenced by developments in Latin America, and 
downplayed the importance of formal modelling in the 
econometric tradition. Econometric modelling in the 
Caribbean only began in earnest in the decade of the 1980s in 
the research departments of the various national Central 
Banks in the region. These modelling developments were 
facilitated by improvements in the data collection machinery 
and the availability of a cadre of young economists with strong 
quantitative orientations. 

During the decade of the 1980s, various modelling approaches 
emerged among the various CARICOM member territories. 
The 'Trinidad SchooP' which was largely pioneered by the 
efforts of Patrick Watson (see Watson and Ramkissoon (1986) 
emphasised structural modelling within the classical 
econometric tradition. This approach is best illustrated in the 
Central Bank's model of the economy of Trinidad and Tobago 
(CBMOD1), (see Hilaire, Nicholls and Henry (1990)), the 
ILPES Model of the Trinidad and Tobago Economy, Charles 
and St. Cyr (1992) and the Trinidad Planning Model (Clarke 
and Watson (1992». These models were relatively large Block
Recursive systems and emphasised structural detail. The 
'Barbadian School' has undergone perhaps the most 
interesting metamorphosis in the English-speaking Caribbean. 
Problems and Challenges in Forecasting Caribbean Economi ..... _________ _ 
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Initially, there was a burst of structural models pioneered 
mainly by Daniel Boamah, Carlos Holder and Delisle Worrell 
of the Central Bank of Barbados (see Boamah (1981), Boamah 
et al (1985), Holder and Worrell (1985, 1987)). However, 
with the introduction of co integration and the general-to
specific modelling methodology there was a shift in the 
approach of the 'Barbadian School' towards more 
parsimonious single equation models (reduced forms) which 
incorporated these new developments. Although the 
approach of the 'Jamaican School' started with the same 
tradition of large scale structural modelling, the modelling 
attempts that eventually blossomed emphasised, financial 
programming - in keeping with the various IMF adjustment 
programmes - the flow of funds approach and, to a lesser 
extent, input-output analysis. By the end of the 1980s, the 
predictive ability of the econometric models was cause for 
much concern. Indeed, most of the Caribbean models were 
unable to yield useful forecasts in the face of major structural 
changes. The emergence of these large forecast errors have 
generally led to a growing disillusionment with 
macroeconomic modelling. The question which needs to be 
addressed is whether or not bad forecasts are indicative of 
bad modelling. Greenaway (1995, p. 972) in a recent editorial 
note in the Economic Journal reminds us however that 
" ... Macro-modelling and forecasting are not one and the same, nor 
should either be regarded as offering an infallible guide to policy 
makers as to what to do and when. Both are tools and rather useful 
tools at that." 

This book coincides with the establishment of the Caribbean 
Centre for Monetary Studies (CCMS) which marks a high 
point in collaborative efforts between the Central Banks of 
the region. In essence, the book reflects the current state of 
the art in Caribbean modelling and forecasting after twenty
seven years of research under the auspices of the Regional 

-------------~CaribbeanCentnforMonetaryStadi .. 



4 r"trodJU:tio" 

Programme of Monetary Studies. The research agenda of the 
Monetary Studies Programme was managed by a board 
comprising Directors of Research of the various Central Banks 
of the region. However, the researchers who collaborated 
under the umbrella of the programme did so on a purely 
voluntary basis. Thus, the Central Bank Governors only 
influenced the research programme in an indirect way. The 
establishment of the Centre introduces a new approach in the 
conduct of the affairs of the Programme. The Board of Central 
Bank Governors will now intervene directly in the policy 
research of the Centre. 

Given the differences in approaches to modelling and 
forecasting in the Caribbean, one burning issue which arises 
relates to which modelling design should be pursued. Should 
there be a common modelling approach and design for the 
various countries as a whole, or, should there be different 
models in the different territories? Whereas the answer to 
this question is not straightforward, the volume seeks to 
provide some guidance on how modelling and forecasting in 
the region should proceed. 

Part 1 of the book presents a detailed account of the problems 
and challenges which confront modelling and forecasting in 
the Caribbean environment. The main highlight of this section 
is the paper on "Reflections on Macroeconometric Modelling and 
Forecasting in the English-Speaking Caribbean". This paper had 
its genesis in a series of individual reports commissioned by 
the former co-ordinator of the Programme, Dr. Ramesh 
Ramsarran, from among the leading forecasters and applied 
econometricians in the Caribbean environmentl. These papers 
were presented at the Econometrics workshop of the XXVI 
Annual Conference of the RPMS, held at the Jamaica 
Conference Centre, Kingston, Jamaica in November 1994. The 
commissioned authors were requested to identify problems 
Probl ..... and ClWl ..... 1D l'oreuRInllCuibbean Economi' ___________ _ 
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in modelling and forecasting at the various Central Banks and 
to suggest strategies for their resolution. Besides the 
commissioned papers, several additional papers were 
presented on various aspects of modelling the economic 
environment in the Caribbean. The remaining papers that 
have been included in the volume have been drawn from a 
selection of those presentations which form a common thread 
with the issues raised in the reflections submitted by the 
commissioned authors. These papers highlight concerns 
relating to inflation and the liberalisation of the monetary and 
financial sector. The majority of issues which are examined 
in the various sections of the book can therefore be seen as 
offsprings of the main concerns raised in the modelling and 
forecasting deliberations. 

One important caveat which needs to be mentioned is that 
although the present volume focuses on macroeconomic 
modelling in its broadest sense, the supporting papers to the 
keynote article on reflections do not deal with the modelling 
of a broad cross-section of sectors. This may seem, at first 
blush, to be inappropriate to the reader looking for a wide 
variety of applications across the full spectrum of economic 
affairs. We, however, have chosen to focus the volume on 
topics of more recent concern to policy makers at the Central 
Banks, namely inflation, reserves and capital markets. Indeed, 
the choice of topics came about after a lot of debate and 
discussion at various fora over the direction that modelling 
and forecasting should take. 

It may, therefore, be appropriate at this juncture to summarise 
the main concerns addressed in the paper on reflections. This 
paper has three fundamental concerns. First, it seeks to 
establish a minimum set of requirements to enhance the 
process of modelling and forecasting both within and between 
the Central Banks of the Caribbean archipelago. The basic 

---------------Cuibbeon Cemre for Monetuy Stucllea 



6 Introdou:tio .. 

premise of forecasting, in this regard, is to assist decision
makers in the Central Banks to establish meaningful policy 
priorities. Second, it highlights the various problems which 
have affected the forecasting and modelling efforts in small 
open economies. Incidentally, speaker after speaker, reflecting 
on the experiences in the Caribbean, drew attention, more or 
less, to the same set of problems. The most important of these 
relate to: 

1. The inability of model-builders to communicate effectively 
their results to policy makers. 

2. The lack of a clear and well-articulated set of policy 
objectives to circumscribe the responsibilities of the 
forecasting group. 

3. The absence of an appropriate information environment 
to support the modelling and forecasting function. 

4. The lack of an organised body of theory which reflects the 
realities of the Caribbean environment. 

5. The lack of continuity in the model-building and 
forecasting cycle. 

6. The extent to which the theories should be related to the 
end use of the model. 

Third, the paper outlines the rudiments of a strategy for 
successful forecasting and policy analysis in the Caribbean. 
The main elements of this strategy involve (i) an 'organised' 
process analagous to that which is undertaken for the 
production of the annual reports and the economic bulletins 
of the various Central Banks; (ii) the development of a co
operative communal spirit; (iii) an integrated information 
Problema ... d Challengwin '-MtinsCaribbun Ecoaoml..,-L--________ _ 
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architecture which incorporates a well-developed database 
system and modem communication facilities and (iv) an 
appropriate amalgam of skills. The latter should include an 
economist (theorist) with a strong appreciation of the realities 
of the Caribbean; a computer specialist (programmer/analyst) 
with a sound background in economic analysis; an 
econometrician; a statistician; and a series of sector specialists. 

Another important question which needs to be addressed is 
whether the data and information architecture is capable of 
supporting the modelling and forecasting efforts. Indeed, one 
of the explanations for the proliferation of modelling designs 
in the region relates to the different levels of data availability 
in the various countries. Traditionally, the more developed 
countries of CARICOM, in particular, Jamaica and Trinidad 
and Tobago, with established Statistical Offices, were 
naturally the first to attempt to utilise and develop 
macroeconomic models. Of course, there was, no heavy 
emphasis on quantitative methods in the data scarce territories 
of the Organisation of Eastern Caribbean States (OECS). To 
date, the data constraint still remains an important concern 
in all Caribbean territories3• 

The paper by Forde on "Challenges and Problems in Forecasting 
Caribbean Economies: Some Data Issues" explores the major data 
deficient issues which frequently arise in economic statistics 
in Trinidad and Tobago, and by extension in the rest of the 
Caribbean. This paper identifies six major areas of weakness 
in economic data: (i) timeliness of current output, (ii) lack of 
new data series, (iii) inadequate periodicity of recorded data, 
(iv) insufficient transformations, (v) short data sets and (vi) 
the absence of forward looking indicators. In addition, it tries 
to analyse where countries of the Caribbean stand in relation 
to these deficiences. 

----------------CCaribbeon Centre for Monetary Studies 



8 Introduction 

The issue of short data sets is one which has been raised, in 
several fora in the Caribbean, and is one of the major 
constraints affecting modelling and forecasting. This 
question of short samples was addressed early on by 
Manhertz (1971)) and more recently, Watson and Nicholls 
(1992) have attempted to investigate, via Monte Carlo 
methods, the difficulties which short samples pose for robust 
estimation. Whereas this issue of deficient data plagued 
Caribbean economies in the decades of the fifties, sixties and 
seventies, its perpetuation into the decade of the nineties 
reinforces the observation that few initiatives have been 
successful in alleviating the problem. There is, therefore, 
need for major improvements in the way in which the Central 
Statistical Offices and the Central Banks of the Region, collect, 
collate and publish the type of data that is most meaningful 
for policy analysis. Fortunately, within recent years, there 
have been some new initiatives targeted at the re
organisation of the data process. These have come through 
collaborative efforts between the CanadajUWI Institutional 
Strengthening Project; the FAME project at the Central Bank 
of Trinidad and Tobago; the AREMOS projects at the Central 
Bank of Barbados and the Eastern Caribbean Central Bank, 
and other efforts mounted by the United Nations Economic 
Commission for Latin America and the Caribbean 
(UNECLAC), and the various Central Statistical Offices and 
Central Banks of the region. These projects have sought to 
combine the efforts of the MIS departments, with those of 
the region's economic statisticians and econometricians. 
These initiatives, however, need to be better focussed if they 
are to be sustained. Surely, the new information technologies 
which stress the development of appropriate information 
architectures could play an indispensable role in improving 
the availability and quality of data in the Caribbean. An 
appropriate data architecture is therefore vital to the policy 
and forecasting function. 
Problem. and Challenge. in Forecasting Caribbean Economi ..... _________ _ 
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Parts 2 and 3 of the book attempt to give a panoramic view of 
the various modelling approaches which have been 
undertaken in the Caribbean. Moreover, the papers in these 
sections apply various approaches to issues of current concern 
in the monetary and financial sphere. The question of inflation 
policy is one that has dominated and continues to dominate 
policy debates throughout the Caribbean. Accurate prediction 
of inflation is indispensable to future planning as it affects 
almost all the key macroeconomic aggregates. In fact a low 
inflation policy may encourage investment and exportation 
and can indirectly enhance economic growth. The question 
which needs to be addressed in this context is which of the 
modelling strategies can lead to a greater understanding of 
the evolution of inflation in the Caribbean. 

Part 2 of the book examines the issues relating to inflation in 
the economies of the Caribbean Basin. The essay by De Castro 
develops a game-theoretic evaluation of the conditions under 
which inflation can be ended abruptly without any major 
disruption to output. This paper is the first attempt in the 
English Speaking Caribbean to model inflation using game
theoretic techniques. Although De Castro draws inferences 
from the Latin American Experience, his findings are equally 
valid for the Caribbean territories of Jamaica and Guyana 
which recently have witnessed increasing rates of inflation. 

Agbeyegbe's paper seeks to investigate the specific stochastic 
nature of the inflationary process in three economies of the 
Caribbean region. He addresses the issue of whether inflation 
is a fractionally integrated process and concludes that the data 
for each of the countries does not reject the null hypothesis of 
fractional integration. Whereas an 1(1) process suggests 
common temporal characteristics of inflation, the finding of 
different fractional roots is indicative of processes with 
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different temporal characteristics. The implication which this 
finding suggests for policy is that less emphasis should be 
placed on a common set of policy instruments since the 
inflationary process evolves in different ways in the various 
island economies. 

The paper by Leon et al on "Inflation Convergence in Selected 
CARICOM Countries" examines the question of monetary 
integration in CARl COM through the notion of convergence. 
Indeed, the degree of convergence of inflation is a necessary 
pre-requisite for the harmonisation of exchange rate policies 
among participating members. The findings of this study 
complement the results of Agbeyegbe's work by 
demonstrating the lack of convergence of inflation rates 
among the larger economies of the English-Speaking 
Caribbean. Leon et al note that sustainable policy co
ordination is unlikely to be successful among all the 
CARICOM countries. Rather, the attempts at harmonisation 
will need to incorporate the effects of significant structural 
change if meaningful integration is to be achieved. 

Part 3 of the book focusses on recent concerns in the monetary 
and financial sector. The paper by Peter Blair Henry on "An 
I terative Framework for Analysing the Introduction of Money and 
Capital Markets in Less Developed Countries" examines the 
question of liberalisation - an issue that has confronted, 
recently, all the countries of the Caribbean Basin. Indeed, the 
latter half of the 1980s has witnessed the development of 
programmes geared towards privatisation, a reduction in 
state-led activities and the liberalisation of money and capital 
markets. Whereas Henry accepts that some liberalisation of 
the money and capital markets is necessary to engender 
investment and growth, he questions the use of the sequential 
approach to develop money and capital markets in the 
Caribbean. The application of this approach requires the 
Problem. and Challenge. in Forec •• ting Caribbean Economi" ..... _________ _ 
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policy-maker to first stabilise the domestic macro-economy 
and then grant to foreign investors full access to domestic 
money and capital markets. Henry warns that allowing 
foreign investors free access to domestic money and capital 
markets may lead to instability in inflows and outflows of 
capital and may eventually undermine the development 
process in the small open economy. The recent experience of 
Mexico is a case in point. Instead, Henry proposes an iterative 
procedure which first establishes sound macroeconomic 
fundamentals and then introduces domestic money and 
capital markets to increase the rate of investment. Foreign 
access to money and capital market only becomes necessary 
if the maximum investment rate attainable falls short of the 
target level. It must be borne in mind, however, that Henry's 
analysis is based on the assumption of the fixity of investment 
and growth targets during the policy horizon. An interesting 
extension of this study should consider the possibility of 
changing targets over the life of the sequencing programme. 

Leon's paper examines the question of volatility on the 
Jamaican Stock Exchange aSE). Following on the heels of the 
liberalisation policies in the latter half of the 1980s, there was 
phenomenal growth in the JSE over the period 1991-1992. 
This increase in activity placed Jamaica as the world's best 
performer in 1992 in terms of greatest dollar gains. However, 
by 1993, jamaica's market capitalisation declined drastically, 
reducing its rank to 72nd in the world. Indeed, the Jamaican 
Stock returns data indicate substantial volatility throughout 
the history of the exchange. The author, building on the paper 
by Henry, which incidentally was quite guarded about the 
effects of liberalisation, attempts to gauge the extent of 
volatility using a Generalised Autoregressive Conditional 
Heteroskedastic (GARCH) model. The results indicate that 
returns on the Jamaican Stock Exchange are autocorrelated 
and exhibit time-varying volatility. The net impact of this 
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increased volatility may include a reduction in the 
mobilisation of savings among small investors, the financing 
of low return investments, and inadequate risk reduction 
through diversification. 

Increased volatility in markets that are open can have an 
adverse effect on the accumulation of foreign reserves. This 
suggests that liberalisation and the development of efficient 
money and capital markets ought to be complemented by a 
reserves policy that can help insulate small open economies 
from the vagaries of unforseen movements in foreign 
exchange earnings. This strategy of reserves pooling is 
developed in the contribution by Nicholls. The author argues 
that there are overriding benefits to a strategy of reserves 
pooling, namely: (i) unconditional access to reserves of other 
member states during times of need; (ii) a reduction in the 
variability of reserves which arise because of unforeseen 
variation in the volume of and/ or prices of major export 
earners (and perhaps, as well, a reduction in variability due 
to capital flight which may follow liberalisation as exemplified 
in the Mexican experience); (iii) an increase in bargaining 
power vis-ii-vis multinational institutions and (iv) the 
strengthening of the individual currencies in the region which 
lead in the final analysis to greater convertibility. The author 
demonstrates using a coverage statistic that the pooling of 
reserves can confer meaningful gains to almost all of the 
member states of CARICOM. In fact, those member countries 
which enter the pooling arrangement with a relatively low 
level of reserves and higher variability tend to derive greater 
overall benefit. The analysiS warns however, that there may 
be a moral hazard problem in terms of illiquidity of the pool 
if adequate institutional and operational rules are not devised 
to support the pooling strategy. 

Pmbl_ and ChaII ..... In F0ncaRin8 Cmibbean 1!conom ... I"L-________ _ 
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Part 4 of the volume focusses on improving the data process 
through the use of better procedures for classification and 
adjustment of data. It also brings into focus the use of non
parametric methods which allows statistical inference to be 
conducted without resort to parametric distributions. Oarke's 
contribution of (i) a standardised nomenclature; (ii) the 
identification of relevant domains; and (iii) the establishment 
of documentation standards to assist in the re-organisation 
of economic data, is a practical attempt to answer so~e of the 
concerns raised in Forde's paper. Indeed, Clarke argues 
implicitly that the lack of a Central Framework for Economic 
Statistics is the root cause of much of the data deficient 
problems that pervade the Caribbean environment. He 
suggests that the existence of 'islands of information' can create 
serious disharmonies in the way data is collected, compiled 
and analysed, and develops an all-embracing nomenclature 
which can address the specific classification needs of any 
individual data "outfit", while at the same time allowing for 
much universality in definition, coding, aggregation and data 
exchange. A prototype of the new Central Framework for 
Economic Analysis is currently being developed at the Central 
Bank of Trinidad and Tobago and is already having a positive 
impact on data quality, timeliness and availability. To date, 
some 20,000 time series in the monetary sector are available 
in a multiplicity of formats (monthly, quarterly, daily, etc.). 

Building on the Central Framework for Economic ~nalysis, 
Clarke and Francis propose a systemic approach to seasonal 
adjustment which can guarantee consistent, plausible and 
reliable seasonal numbers. The issue of seasonal adjustment 
is only now being actively researched in the Caribbean 
environment and most of this research is confined to the 
monetary aggregates and the Index of Quarterly Real Gross 
Domestic Product in Trinidad and Tobago. The paper by 
Clarke and Francis attempts to discriminate among six of the 
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The modelling and forecasting challenges for small open 
economies are great but they must be addressed in a 
systematic manner if progress is to be achieved. The 
Caribbean Centre for Monetary Studies must nurture and 
direct the forecasting efforts if tangible solutions to important 
policy questions are to be obtained. We expect that the Centre 
will rise to the challenge. 

ENDNOTES 
. . .......•....•.•••.•.••.••••.•.•.•.•..•....•.•..............•.•••.•• ·.··· .•. ·.· •.• ·········i T 

1. The term1school' is used rafh.erJooselyheretQ 
differentiate the approachtC)lllQdellingt~t 
developed in each island Of the;nglish'" 
Speaking Caribbean. 

2. See in particular Watson (1994), Nicholls and 
Christopher-Nicholls (1994) and Craigwell and 
Walker (1994). Dr. Hyginus Leon submitted 
detailed comments on each of these 
presentations. 

3. The issue of data deficiency was addressed in 
great detail at a conference on "Data Develop
ment and Information Management in Carib
bean Economies·t held between July 10 - 13, 
1995 at the Central Bank of Trinidad and 
Tobago. This conference was jointly spon
sored by the CanadalUWI Institutional 
Strengthening Project, the CentralBank of 
Trinidad and Tobago and the Department of 
Economics. University of the West Indies, St. 
Augustine.· , 
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INTRODUCTION 

21 

The set of general equilibrium models, first developed by Leon 
Walras and later extended by Vilfredo Pareto in the late 
nineteenth century, provided the foundations of 
macroeconometric modelling. At its origins, the Walrasian 
system was conceptual and was not subjected to empirical study 
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by its creators. Empirical testing of macroeconomic models was 
initiated by Jan Tinbergen on the Netherlands economy.1 
However, major developments took place just after the second 
World War when Jacob Marschak organised a research team 
at the Cowles Commission (then at the University of Chicago, 
now at Yale University in the USA) to study three interrelated 
themes: economic theory (model specification), statistical 
inference (model estimation, testing and application), and 
model construction (including data preparation and 
numerical calculation). Shortly afterwards similar 
developments took place in the Netherlands at the Central 
Planning Bureau, under Professor Tinbergen.2 

Since the initial work on the Netherlands and the US econo
mies, a great deal of research time and effort by both national 
and international organisations have gone into the refinement 
and development of macroeconomic models for these and 
other developed countries (see Bodkin, Klein and Marwah 
(1991) and Driehuis, Fase and Den Hartog (1988)). These 
models, widely used both within and outside the government 
sector, have been constructed for many purposes: historical 
analysis, forecasting over a variety of possible horizons, policy 
formulation and evaluation, the testing of economic theories, 
and indeed, the elucidation and development of economic 
theories. 

The International Monetary Fund is one international 
organisation that has encouraged the development of such 
models in developing countries. Macroeconomic modelling 
on developing countries at the Fund dates back to the 1950s 
and 1960s when J.J. Polak and E. Walter Robichek, inter alia, 
presented basic formulations of the monetary approach to the 
balance of payments. The new generation of models by the 
Fund represents efforts to specify and estimate models that 
incorporate many of the key structural and institutional char
............. ~IDIIodtIIIaa .... --.CUlbbaarc-iol ----------

, 



23 

acteristics (for example, lesser developed equity and capital 
markets, and foreign exchange constraints) that differentiate 
developing countries from most developed countries (see 
Khan, Montei! and Haque (1991)). 

Aware of the special peculiarities and the importance of macro 
models for forecasting and policy analysis, Caribbean econo
mists commenced model building in the 1970s. Examples of 
these early attempts include Harris (1970), Carter (1~70) and 
Manhertz (1971) for Jamaica, and Persad (1975) and Gafar 
(1977) for Trinidad & Tobago. These efforts at modelling were 
fairly well rooted in the tradition of the open Keynesian 
economy (Kennedy (1966)) or, perhaps, more accurately, were 
examples of open Hicksian type IS-LM models (although 
some were more IS than LM). This, after all, was the tradi
tion emanating from the metropolitan centres and, in all fair
ness to these pioneers, the very limited statistical data base 
that existed at that time clearly favoured the construction of 
such models. On the odd occasion, and in deference to the 
II Caribbean reality", one or two II supply side" equations, os
tensibly to explain employment or production, were thrown 
in for good measure. 

Whatever the philosophical content of these early models, it 
is perhaps more worrisome that, from the earliest forays of 
Caribbean scholars into this domain right up to the present 
time, models seemed to be constructed more for the intellec
tual thrill of the exercise than for any other end use to which 
the model could be put. A cursory glance at the works cited 
above would reveal that efforts were limited to the specifica
tion, estimation and validation of the models. This of course, 
is not a useless exercise, but modelling counterparts in the 
developed centres were going, at least, one step further: they 
were constructing models particularly for the end use of fore
casting and, relatedly, policy evaluation. In fact, the market 
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for econometric forecasts grew tremendously in the 70' s with 
actors in both the public and private sectors participating (see, 
for example, Klein and Young (1980) and U.S. Department of 
Commerce (1986)). 

To be fair, Caribbean modellers always recognised the po
tential usefulness for forecasting of the models they con
structed and, indeed, there was some small attempt to do just 
that in Harris (1970). But these efforts have never been as 
sustained nor as systematic as those done by, say, the Wharton 
School, the Bureau of Economic Analysis, and the Reserve 
Bank of New Zealand (see Brooks and Gibbs (1991)). 

There has been a resurgence of macroeconometric modelling 
in the English-Speaking Caribbean in recent years, and the 
efforts are much more sophisticated than those of the previ
ous years. Moreover, these models were specifically devel
oped for forecasting and include Belchere (1988) for the Ba
hamas, Maraj (1987), Hilaire, Nicholls and Henry (1990), 
Clarke and Watson (1992) and Charles and St. Cyr (1992) for 
Trinidad and Tobago; UNDP (1991) for Jamaica; Ganga (1990) 
for Guyana; and Leon and Samuel (1994) for the ECCB area. 
Prototype models geared for generating forecasts of Carib
bean type economies, such as ILPES (1986) and Holder and 
Worrell (1987), have also appeared. Still, however, useful out
put is not forthcoming and, apart from some attempts of the 
original model builders in one or two of the cases to use the 
model for forecasting, the efforts have once again been lim
ited to the specification, estimation and validation of the 
models. 

As macroeconomic modelling in the Caribbean region con
tinues to develop, there is need to establish a structure to guide 
its evolution. The importance of a systematic approach is in
dicative of the present competitive environment as the region 
PnIIIIoIu .... CIIaIIeoopaillllodelllai ................ CIdbbaa ....... ----------



as a whole enters the larger world-wide net. Indeed, policy
makers are now demanding more tangible predictions from 
economists about major macroeconomic aggregates instead 
of mere speculations on the direction of movement of eco
nomic variables. 

This paper3 attempts to provide some guidelines aimed at 
improving the development of forecasting in the Caribbean 
region and provides a critique of past model building efforts. 
Section I discusses a structured approach to model building. 
Section II examines the genesis of modelbuilding in the Car
ibbean and briefly outlines the basic philosophies and ap
proaches which have informed the modelbuilding process. 
Section III outlines some minimum requirements for success
ful forecasting in the Caribbean region. 

1. A STRUCTURED APPROACH TO 
MACROECONOMETRIC FORECASTING 

A comprehensive approach to designing a forecasting sys
tem in the Caribbean should encompass: 

1. Clear Delineation of Objectives 
2. Database Design and Choice of Appropriate Computing 

Environment 
3. Model Specification 
4. Estimation and Testing 
5. Forecasting, Simulation and Policy Analysis 

In this section, we outline a host of issues that have to be con
sidered in designing a structured macroeconometric forecast
ing system. 
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1.1 Delineation of Objectives 

It is critical to understand the interplay of these stages if the 
model building exercise is to proceed smoothly. Perhaps the 
most difficult task facing the modelbuilder is to obtain a clear 
set of objectives from policy-makers. On most occasions, 
policy-makers are often too general about what they require, 
and the model is expected to explain, forecast, and carry out 
policy analysis on almost every conceivable policy shift. No 
model can operate at this very general level and there is need 
for much clarity in the delineation of objectives. These objec
tives should clarify the responsibilities of the forecasting 
group and include statements on the level of detail desired 
and the frequency of reporting. 

On the regional front, there is some evidence that this issue 
of "targeting" is being actively considered. Quite recently, 
the CARl COM Council of Ministers emphasised the need for 
a single market in CARl COM based on trade integration while 
the Governors of the various Central Bank territories have 
adopted a two-staged approach to monetary integration, 
emphasising the need for closer policy co-ordination among 
the various Caribbean territories. Category A countries (Ba
hamas, OECS and Belize) are expected to maintain sound 
macroeconomic policies - a stable exchange rate for 36 months, 
a sustainable debt-service ratio not exceeding 15% and 3 
months import cover in foreign exchange reserves for 12 
months. Category B countries (Trinidad and Tobago, Barba
dos, Guyana and Jamaica) are expected to effect rapid 
stabilisation and adjustment to cure inflation, restore exter
nal payments balances, rebuild foreign exchange reserves and 
restore growth. Concrete decisions of this type should form 
the background against which the model building and fore
casting exercise in the Caribbean should proceed. These goals 
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emphasise two dimensions. The first dimension relates to 
how individual countries should effect their stabilisation, 
while the second underscores the need to synthesise national 
and regional objectives. 

A major challenge that may confront modelbuilders is the like
lihood that the objectives outlined may not remain fixed for 
any specific period of time. As circumstances in the external 
environment change, policy-makers tend to make radical 
modifications to the set of goals. Modelbuilders and fore
casters need to ensure that the systems devised can'quickly 
adapt to changes in the preference sets of their political lead
ers. CBMOD1, the Central Bank of Trinidad and Tobago's 
model, for instance, was designed to answer very specific 
policy questions, namely, the effect of a devaluation and the 
implications of increased government expenditure. By the 
time the model was completed, however, there was a marked 
shift in emphasis towards debt management. This change in 
policy could not be accommodated readily without a substan
tial redesign of the relationships in the model. 

1.2 Database Design and the Computing 
Environment 

Quantitative data can be described in a formal sense as the 
numerical characterisation of some important property of an 
object (in this case economic variables). Data is useless if it 
exists in an unstructured manner. The moment it is organised, 
one can glean useful"bits of information" on specific proper
ties of economic phenomena. Although it is the life blood 
around which much of forecasting and policy analysis re
volves, it has received the least attention among modellers in 
the region. For a long time, economists in the Caribbean have 
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complained about the problem of deficient data but have taken 
very few steps to rectify it. Indeed, little by way of organised 
data collection has occurred among Caribbean forecasters. 
GriIiches (1985 p.196) sums up, quite effectively, the uneasy 
alliance between data and economists: 

"We did not observe them [datal directly'; we did not de
si~ the measurement instruments; ana often we know 
liftle about what is really going on ....... Mosf of our work is 
on found' data, data that have been collected by somebody 
else, often for quite different purposes." 

Modelbuilders who have not participated actively in the gen
eration of data tend to be often content with its imperfections 
and tailor their specifications to reflect the data constraint. In 
some quarters, there is even a perception that as long as a 
couple of software packages and powerful microcomputers 
are acquired, the effects of data constraints on modelling and 
forecasting can be ignored. Whereas such a position may be 
tenable for a small" academic" forecasting exercise, it is quite 
unsound for an organised model building and forecasting 
programme at any of the region's Central Banks. 

In the model building context, the most challenging data prob
lems that arise in the Caribbean relate to missing observa
tions, unrecorded variables, insufficient periodicity of re
corded data, measurement errors and short samples.4 These 
deficiencies emanate from weaknesses in the data cycle (sourc
ing, preparation and publication) in the various territories. 
The logical approach taken by our colleagues in the world of 
computer data management can yield useful insights for 
economists and modelbuilders in the resolution of some of 
these issues. 

In the computing sphere, each entity in a specific system is 
identified with its requisite characteristics (data). These at
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tributes usually exist in an unstructured form but ::lie 
organised by a process of logical data modelling which de
fines domains for the attributes and allows a series of rela
tional mappings among entities. Such a process permits easy 
combinations of attributes for further analysis. This is what 
computer scientists refer to as a "database". Modelbuilders 
and forecasters, therefore, need to spend more time with their 
"data collecting" colleagues identifying relevant entities and 
attributes which impinge on the forecasting process. It is im
perative that the process of data requests, compilation, 
publication and usage be informed by regular interaction 
among the users and compilers of economic data. The set
ting of priorities and foci would naturally be related to ongo
ing ultimate objectives that the modelbuilders seek to address. 

Closely aligned to the issue of the development of an appro
priate database environment is the choice of an appropriate 
information architecture to support the policy analysis and 
coordination function. Richardson, Jackson and Dickson 
(1990) have defined the basic elements of this architecture as 
one which reflects the interrelations among data, hardware, 
software and communications. The main elements of this type 
of system include:-

1. Network/communication architecture 
2. Office architecture 
3. Data architecture 

Network architecture refers to the structure of the hardware 
and communication systems which are required to permit the 
exchange of information and include the network type (LAN, 
WAN), the network topology (Star, Ring, Bus), the network 
model (Peer-to-Peer, Client Server) and network protocols. 
The data architecture refers to the data elements, global data 
model and data modelling techniques which permit data com-
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binations and summarisations and permit the construction 
of databases. The office architecture refers to the physical 
office design which houses the network, data, personnel and 
office management systems and defines how information and 
reports flow within an organisation. 

Modelbuilders in our region must become aware of the criti
cal importance of a good information environment to suc
cessful policy modelling and coordination. In fact, any at
tempt at integrating the efforts of individual policy units must 
consider the elements of an information architecture. In par
ticular, a proper communication architecture would almost 
automatically guarantee the rapid transmission of data, in a 
generic sense, among individual units. This communication 
architecture may take the form of Local Area Networks 
(LANs) in the satellite nations, which would be linked via 
gateways to a Wider Regional Area Network (WAN). In ad
dition, some consideration would have to be given to the hous
ing of the network systems and to the identification of the 
appropriate infrastructure and equipment to support the net
work/ communication and data systems. 

1.3 Model Specification 

Given the objectives of interest, the model builder attempts 
to construct a model that will form the basis of decision mak
ing. A model is an abstraction of reality, a simplification of 
the real world. An economic model consists of behavioural 
relations, technological relations and identities or definitional 
relations. Behavioural relations are forces thought to deter
mine the behaviour of the various groups of economic agents. 
Technological relations describe the restrictions imposed by 
the current technology and endowment of the system. Often 
technological relations, such as the production function, are 
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not explicit in the model, but would have been used to derive 
behavioural relations such as the demand function for labour. 
Identities or definitional relations are self-explanatory. 

Econometric models are economic models in an empirically 
testable form. This generally means augmenting the deter
ministic component of the behavioural equations with sto
chastic disturbances to capture observed variations in the data 
that are unaccounted for by the approximation to the com
plex process generating the data. These disturban~es can be 
viewed as "catch all" terms representing all the variables con
sidered irrelevant for the purpose of the model, as well as 
errors due to inaccurate functional form specifications, and 
measurement errors in the variables being explained. In or
der to make a probability statement or inference about the 
wider population parameters of interest from the specific 
sample being described, classical theory requires a specifica
tion of the probability distribution of the disturbances. The 
most general form of a simultaneous equation 
macroeconometric forecasting model may be represented as: 

F(Y I'Y 1.1 ,'" ,Y l·m,Xt,Xt·1 ,'" ,xt.n;prJ.lt (1) 

where Y,-i, i = 0,1,,,,, m, 
are vectors of current and lagged values of endogenous vari
ables, respectively and X,_j,j =0,1,,,, ,n, are vectors of ex
ogenous variables. ~ is a matrix of (generally unknown) co
efficients and Jl, a vector of random disturbances. 

Several considerations arise in the actual formulation of a 
macroeconometric model. These include: 

1. Elaborating the theoretical and a priori notions that inform 
the linkages in the model; 
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2. Establishing a mapping from possible theoretical latent 
variables to observable counterparts; 

3. Choosing appropriate functional forms; 

4. Deciding on the size and composition of the model (num
ber and type of equations). 

The model to be estimated should reflect the broad structure 
of the economy and be informative on policy issues. How
ever, policy analysis and recommendations from the model 
ought to be informed by simulations and should be tempered 
by analysis of the implications of model constraints, political 
sensitivities, and the socioeconomic framework, the gestalt 
of which cannot be included in the model. The need for docu
mented analysis and a statement of model assumptions fa
cilitates replication and cannot be understated. 

The specification of the model is arguably the most difficult 
part of the exercise. Standard practice has been for the 
modeller to be guided by economic theory as well as his/her 
knowledge of economic structures and institutions in giving 
a specific structure to the general model defined by equation 
(1) above. Given the statistical database available, it is at this 
stage that questions about the size of the model (the level of 
disaggregation) and the dynamic structure of the equations 
should be addressed. 

All this, of course, is easier said than done. First, it is not 
clear how the "relevant theory" ought to be defined. Should 
model specifications reflect standard Keynesian, Monetarist, 
or Structuralist notions, or what the great economists coming 
out of the Caribbean tradition tell us? Or is it what our own 
training as economists lead us to understand about the struc
ture and functioning of Caribbean type economies? Are theo
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retical constructs of the 1/ demand side" like consumption and 
investment analytically useful in the Caribbean context and 
what should be the appropriate modelling framework (mul
tiplier-accelerator theory)? To what extent should our 
theorising be related to the end use to which the model is to 
be put and, in this case, shouldn't the approach to specifica
tion be more eclectic, using whatever theoretical notions might 
serve the purpose? Further, should we embrace Sims' (1980) 
"atheoretical" approach which uses Vector Autoregressive 
(V AR) models that require no greater knowledge or under
standing of economic structure than 1/ everything depends on 
everything else?" 

This lack of an organized body of theory to allow appropri
ate specifications of the realities in Caribbean economies is 
one problem that has affected consistent theoretical specifi
cations. We need specifications that are acceptable relative 
to some theoretical notions and perform adequately accord
ing to statistical criteria. The underlying assumptions should 
be clearly stated for internal model consistency checks and 
for post-estimation validation. Ultimately, the specification 
design will depend on the aims of policy makers. The major 
issue, therefore, relates to the question of what is the best theo
retical framework and operational functional specifications 
to address the objectives of the policy makers. These aims 
should, in the context of CARICOM, reflect targets for em
ployment, growth in real GDP, foreign exchange accumula
tion and the rate of inflation. If there is a genuine interest in 
building models that can guide the Council of Central Bank 
Governors, then a decision has to be made on how best to use 
the individual country models to attain that objective. 

National models provide very specific guidance on within
country policy effects without providing a mechanism for 
gauging how activities are affected by policy decisions taken 
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in other nation states. Although not discussed in this paper, 
a regional model has the distinct advantage of allowing feed
back among the various national sub-models;5 the overwhelm
ing logistics for implementing a regional model would make 
it difficult however to recommend such an option at this time. 
Abstracting from those inter-country linkages, each national 
model should contain a specific general equilibrium design 
with the following broad structure: 

1. National Product and Income 
Sectoral Output 
Consumption and Investment Behaviour 

2. Labour Market 
Labour Demand and Supply 
Wages 

3. Monetary Sector 
Money Demand 
Domestic Credit 
Inflation 
Non-bank Financial Intermediation 

4. Government Sector 
Direct and Indirect taxes 
Current and Capital expenditure 
External and Internal Debt 

5. External Sector 
Exports and Imports 
Capital flows 
Reserves 
Exchange rate 
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Data may not permit the construction of a model with all seC'
tors fully accounted for. In fact, it would be desirable to pro
ceed in a modular form with different sectors or subsectors 
having different degrees of disaggregation and completeness 
to reflect individual country structures and their main policy 
concerns. For example, a Trinidad and Tobago model may 
include production and trade equations for petroleum prod
ucts and natural gas whereas an OECS model may wish to 
focus disaggegation efforts in the production and trade mod
ules on tourism and bananas.6 

1.3.1 Exogeneity and Causality 

A premise of the Cowles Foundation Approach postulates 
that the classification of variables into" endogenous" and" ex
ogenous" and the causal structure of the model are given a 
priori and are therefore untestable. This approach has, in re
cent years, been criticized on several grounds: (i) classifica
tion of variables into endogenous and exogenous is some
times arbitrary; (ii) there are variables which should be in
cluded in the equation but are excluded so as to achieve iden
tification (the Liu (1960) critique) and (iii) at times the coeffi
cients in a simultaneous equations model cannot be assumed 
to be independent of changes in the exogenous variable (Lucas 
(1976) critique). For example, if the exogenous variables are 
changed and agents anticipate the change, they would modify 
their behaviour accordingly. 

Thus, there is a need to formally classify variables into exog
enous and endogenous variables to remedy these criticisms. 
One solution, at least to the Lucas critique, is to make the 
coefficients of the simultaneous equation system dependent 
on the exogenous policy variables (Maddala (1992)). This 
makes the model a varying parameter model (see Maddala 
(1977)). Learner (1985) and Engle, Hendry and Richard (1983) 
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suggest redefining the concept of exogeneity to make it test
able.7 Engle et al (1983) provide three testable definitions of 
exogeneity: weak, strong and super. A variable x

t 
is said to 

be weakly exogenous for estimating a set of parameters p, if 
inference on p, conditional on x

t 
involves no loss of informa

tion. Super-exogeneity relates to the Lucas critique and re
quires x

t 
to be weakly exogenous and the parameters in the 

joint probability distribution of Yt and xt to remain invariant 
to changes in the marginal distribution of \. If x

t 
is weakly 

exogenous and x
t 
is not preceded or Granger caused by any 

of the endogenous variables in the system, x
t 

is defined as 
strongly exogenous. Granger's (1969) definition of causality 
is based on the notion that the future cannot cause the past 
but the past can cause the future, and relates to dynamic sto
chastic systems in terms of a predictability criterion. Meth
ods exist for testing both Granger causality and exogeneity. 
Granger causality from x

t 
to Y

t 
generally translates into a re

gression of Yt on its own lags and lags of x and testing whether 
the coefficients of the lags of x are jointly zero. Tests for 
exogeneity depend on the availability of extra instrumental 
variables and involve adding these constructed variables to 
the original equations and testing that the coefficients of these 
added variables are jointly zero (see Maddala (1992)). 

1.3.2 Identification 

The identification problem is concerned with estimating the 
parameters of the model. It appears when more than one 
theory is consistent with the same" data". In other words the 
theories are observationally equivalent or the structure of the 
model is unidentified (see Hsiao (1983) for a useful survey). 
The classic example given follows from Working (1927) in 
which there is no knowledge of conditions of supply and de
mand beyond our belief that the data represent equilibria. 
With only the data, there is no way of determining which of 
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the theories (supply or demand) is correct. Thus, the struc
ture underlying the data is unidentified. 

Identification can be established if the structural parameters 
can be derived from the known reduced form parameters.s If 
the reduced form coefficients imply two or more distinct val
ues for a single structural parameter, the model is said to be 
over-identified. If unique numerical values of the structural 
parameters of an equation can be obtained, the equation is 
called exactly identified. Under-identification, th~ last cat
egory, refers to the case discussed earlier where it is not pos
sible to determine the structural parameters from the reduced 
form coefficients. 

In linear simultaneous equations models, a necessary condi
tion for the identification of an equation is the order condi
tion which states that the number of variables missing from 
the equation but included in the system should be greater 
than or equal to (according to whether the model is over or 
exactly identified) the number of endogenous variables in the 
equation minus one. To this counting rule, one must also 
check the rank (sufficient) condition which is based on the 
structure of missing variables in the other equations. 

1.3.3 Functional Form 

Usually there are several ways of formulating the economet
ric model from the economic model. One reason for this is 
that there may be several functional forms which are consis
tent with the theory. Although economic theory may some
times indicate the nature of a function, we often rely on sta
tistical methods to determine the functional form consistent 
with the observed data. Models can be linear or non-linear, 
static or dynamic, and structured in levels or differences. 
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Most model builders are likely to favour linear models be
cause they are easy to estimate. However, such functions may 
not always fit the data very well, thus resulting in large esti
mation and forecasting errors. Non-linear models, on the 
other hand, are generally difficult to estimate and manipu
late (see Greene (1991) for a lucid discussion on tests for func
tional form). 

Earlier modellers (see Boamah (1980» suggested that whether 
a model is structured in levels or first differences depends on 
whether it is to be used for short-term or long-term forecast
ing. For short-term forecasting, it may be appropriate to 
analyse the system in rates of change of variables. Recent 
research suggests that it is necessary to determine the prop
erties of the series over time as this may have implications for 
estimation and inference. For example, the fact that many 
economic time series are non-stationary in the sense that the 
mean and variance depend on time, renders inference on 
equations estimated in levels misleading. However, a linear 
combination of these non-stationary variables may be station
ary, thus allowing OLS estimation. 

Economic theory is generally silent about dynamics. The 
dynamics has to be determined from the statistical methods 
employed. In this respect, error correction models, which 
encompass many static and dynamic structures, are becom
ing quite popular (see Charernza and Deadman (1992) and 
Cuthbertson, Hall and Taylor (1992». 

1.3.4 Simple and Complex Models 

Many scientists (for example, Popper (1959) and Friedman 
(1957» have a preference for simple models as they are easier 
to understand, communicate and test empirically with data. 
However, as Maddala (1992) notes, "the choice of a simple 
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model to explain complex real world phenomenon leads to 
two criticisms: (1) the model is oversimplified, and, (2) the 
assumptions are unrealistic". For example, to say that the 
demand for money is only a function of the rate of interest is 
an over-simplication and also an unrealistic assumption. To 
the criticism of over-simplification, Koopman (1957), for ex
ample, argues that it is better to start with a simplified model 
and progressively construct more complicated models. On 
the other hand, economists like J.D. Sargan and David Hendry 
of the London School of Economics tradition favour starting 
from a very general model and simplifying it progressively 
based on the data (see Granger (1990». 

Regarding the criticism of "unrealistic assumptions", 
Friedman (1957) argued that the assumptions of a theory are 
never descriptively realistic. Therefore," the relevant ques
tion to ask about the assumptions of a theory is whether they 
are sufficiently good approximations for the purpose at hand. 
And this question can be answered only by seeing whether 
the theory works, which means whether it yields sufficiently 
accurate predictions". 

The choice of a simple or complex model must also depend 
on the intended purpose. The model builders should weigh 
the benefits against the costs of building and continually up
dating the model. 

1.4 Estimation and Testing 

When the model has been specified we can proceed to test 
the empirical validity of the economic model. Several issues 
relating to measurement and methods of estimation need to 
be considered. 
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1.4.1 Measurement Problems 

Economic theory is not limited to the available data. Further, 
concepts developed in economic theory are not conditional 
upon being measurable. This often results in economic hy
potheses being formulated in terms of unobservable variables. 
Consider, for example, the following: 

Ct = a o + a\y,p + a 2 't + a 3 Ht +a 4 P/ + Ilt (2) 

where C is consumption, yP is permanent income, r is the 
rate of interest, H is the ratio of human capital to total wealth 
and pe is expected inflation. Measurement of each one of these 
variables presents problems. In practice, C is usually mea
sured by consumers' expenditure on non-durables, which 
differs from actual consumption in that it does not allow for 
the flow of services from durable goods; yP is not directly 
observable and is usually approximated by a weighted aver
age of present and past values of measured income with geo
metrically declining weights - an ad hoc approximation which 
is far from satisfactory. The choice of the appropriate rate of 
interest (nominal or real, short-term or long-term) for an ag
gregate function is in the last instance an empirical matter. 
Furthermore, data on wealth if available at all, are not reli
able (see Arestis and Hadjimatheou (1982}). As a result H is 
measured by proxy variables (such as the ratio of earned in
come to total income) which do not do justice to the theoreti
cal concept. The final regressor, pe, is also non-observable; 
notwithstanding the problems of measuring the actual rate 
of inflation, the expectation generating functions employed 
in practice, including adaptive and extrapolative expectations, 
are mostly ad hoc devices which leave the issue open. 

Other data considerations include the length and unit of time. 
In order to ensure consistency of estimation, especially in si-
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multaneous estimation techniques, the number of degrees of 
freedom, that is the number of unspecified parameters of the 
joint distribution, must be sufficiently large. The unit of time 
used would generally be determined by the nature and use 
of the model. For instance, there would not be much use for 
an inventory model based on annual data if in reality manu
facturers adjust their production and stock quarterly. 

Problems of measurement and unobservable variables are 
widespread in economics and are particularly apparent in 
developing countries. Whenever they occur, their presence 
and importance should be admitted and the implications for 
any of the conclusions from the empirical research spelled 
out. One case in point is the assumption of subsidiary hy
potheses when testing a particular hypothesis. The testing of 
such subsidiary hypotheses can question the generality and 
definitiveness of the conclusions of that specific hypothesis. 
For example, consider the empirical modelling of seasonal 
data. Until recently, the practice had been either to use sea
sonal dummy variables as additional regressors or to run re
gressions using seasonally adjusted data. We now know that 
the use of dummy variables are tantamount to imposing an a 
priori and ad hoc seasonal pattern which may be extraneous to 
the relationship being estimated. Also, seasonal adjustments 
distort some data characteristics that are unrelated to season
ality (Wallis (1974) and Prothero and Wallis (1976)). The most 
recent suggestion is to test for seasonal integration as a means 
of choosing between deterministic and stochastic seasonal
ity. If a series is seasonally integrated, seasonal differencing 
would be the appropriate method of de-seasonalisation (see 
Hylleberg (1986) and Craigwell, Leon and Mascoll (1994)). 
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1.4.2 Methods of Estimation 

In fitting the model to the data, the choice of an appropriate 
estimating technique is very important. This aspect of mod
elling received a lot of attention in the 1950s and 1960s through 
the Cowles Foundation which spent a lot of time devising 
alternative estimation methods and computer algorithms. 
Estimation procedures can be classified into limited informa
tion methods and full information methods. Limited infor
mation methods (for example Ordinary Least Squares (OLS)) 
estimate one equation at a time while full information meth
ods (for example, Full Information Maximum Likelihood) 
treat all equations and all parameters jointly. Asymptotic 
results suggest that all of these structural estimators should 
be preferred to OLS which, alone among the estimators, is 
inconsistent (see Greene (1991)). Unfortunately, samples are fi
nite (moreso in developing countries) and in many cases OLS 
has a smaller variance about its mean than does 2SIS (about its 
mean), leading to the possibility that OIS might be more pre
cise on a mean squared error criterion. For these reasons OIS is 
often used (see Watson (1987)). However, the fact remains that 
OLS standard errors are biased and in all likelihood, not useful 
for inference purposes. Other limited information approaches 
like 2SIS are preferred. Intuition would suggest that full infor
mation methods are superior to single-equation estimators and 
should be used, given that the current state of available soft
ware has all but eliminated the computational simplicity ad
vantage of single-equation methods. Why then are these meth
ods not used? First, any specification error in the structure of 
the model will be propagated throughout the system. The lim
ited information methods will, by and large, confine a problem 
to the particular equation in which it appears. Second, Monte 
Carlo studies have indicated that the finite sample variance of 
the full information estimator may be as large as or larger than 
that of the limited information estimator (see Greene (1991)) . 
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The choice of estimation technique is largely a function of the 
structure of the model's equations and costs. If there is no 
simultaneity in the structural relationships, then OLS yields 
consistent estimates. If, however, simultaneity exists, the 
appropriate estimator should be taken from the class of sys
tems estimators. The majority of large scale models that have 
been constructed in the Caribbean, have utilized mainly Two
Staged Least Squares (2SLS) and Ordinary Least Squares 
(OLS) as the principal estimators. 

Recently, the framework for modelling single equations has 
become more sophisticated largely as a result of the develop
ment of the general-to-specific methodology9 and its link with 
cointegration (see Engle and Granger (1987), De Marchi and 
Gilbert (1989». Leon and Samuel (1994) apply this method
ology to a model of St Lucia but it is unclear how successful 
this approach has been since the model is still at a prelimi
nary stage. Another example of the use of that methodology 
is the model of the Reserve Bank of New Zealand (Brooks 
and Gibbs (1991». In the context of these developments, the 
Ordinary Least Squares estimator is super consistent in fully 
recursive systems. That property, however, does n,ot trans
late to non-recursive systems where complex feedback rela
tionships may introduce multiple orders of integration among 
a given set of variables. It is therefore conceivable for such 
systems to have variables which are 1(2), 1(1) and 1(0) and for 
which no integrable combination yields a set of 1(0) variables. 

The use of the cointegration approach holds a lot of promise. 
In the first place, it imposes a framework for a dynamic struc
ture which takes full account of the" equilibrium" or "long 
run" properties of the model. Second, the approach includes 
a "built-in specification test" because of the existence proper
ties enunciated in the Granger Representation Theorem. 
However, there is a cost attached. First, the determination of 

----------------- c.rMeaaCa""rmll..aaryStudia 



44 

cointegrating relationships can be a long process of establish
ing the orders of stationarity of all economic time series to be 
used in the model, and the tests may yield unsatisfactory re
sults because of the short span of the data. Second, choosing 
an appropriate V AR structure may be problematic because 
data shortages may not allow different lag lengths: even when 
the data are adequate, the economic interpretation of the co
efficients are not immediately obvious (see Charemza and 
Deadman (1992), p.201). Finally, although growing, the 
availability of software for the new techniques is still sparse: to 
date, MICROFIT (pesaran and Pesaran (1991)), EVIEWS (Lilien 
et al (1994)), PCGIVE Professional (Doomik and Hendry (1994)), 
RAlS (CAlSprocedure (Hansen, Johansen and Juselius (1995))) 
and GAUSS (COINT (Oularis and Phillips (1995))) allow for 
estimation using the Johansen procedure. 

1.4.3 Evaluation and Model Selection 

Before the estimated model becomes operational, it ShOUld 
be tested for economic and statistical adequacy. The size and 
sign of parameters should be investigated to determine if they 
conform to the expectations of the theory. Tests or measures 
of the validity of restrictions, the explanatory and predictive 
power of the regression, the stability of the parameters, the 
size and pattern of residuals are criteria that can be used to 
evaluate and choose among rival specifications. The devel
opment of more recent tests (see Godfrey (1988)) has rendered 
the old practice of choosing between relationships entirely 
on the basis of the size of R2, the coefficient of multiple deter
mination, obsolete. It is now well known that a high R2 does 
not establish causality and in fact can easily be achieved es
pecially when any two variables are trending. In fact, it is not 
always the case that one can choose a model that fits the data 
well. If, for instance, the model is designed for forecasting 
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purposes, the researcher may be forced to compromise, ac
cepting some equations which, although less desirable from 
a statistical point of view, nevertheless help to improve the 
forecasting performance of the model. Thus, the primary 
purpose of the model plays a role in shaping its final form.10 
Another criterion for accepting a model is its encompassing 
ability, that is, its ability to explain relevant findings from 
other studies (see Mizon (1984)). 

1.5 Forecasting, Simulation and Policy Analysis 

Forecasting, in the framework of the general model defined 
by equation (1), is the estimation of the as yet unobserved 
Yt+k' k = 1,2, ... given Yt-k' k = 0,1,2, ... m, xt_k' k = 0,1,2, ... n and ~. 
Ironically, it is probably the most misunderstood stage of the 
whole forecasting cycle and there is a widespread belief that 
this is a fairly mechanical exercise requiring not much more 
than interfacing with the computer. 

Nothing could be further from the truth: there is a very rigid 
and disciplined routine to follow which requires, among other 
things, a lot of expert opinion and judgement about the fu
ture path to be taken by the exogenous variables in the model. 
This path may be known with some certainty in the case of 
certain variables, especially if the model is being used by some 
state agency like a Ministry of Planning, but it is likely to be 
unknown for variables which are of fundamental importance 
-like the price of oil in the case of Trinidad and Tobago. In 
the final analysis, the forecast will be as good as the assump
tions made about the (usually numerous) exogenous variables 
in the model. 

The aim of forecasting is to predict Xn+h, h = 1, 2, ... , given a 
series of equally spaced observations XI' t = 1, 2, ..... n. In a 
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large scale macroeconometric model, the main challenge is to 
accurately project values for the endogenous variables in the 
system given assumptions about how the exogenous variables 
are likely to behave in the future. Large scale 
macroeconometric models utilize a relatively strong assump
tion about replicating the future from adequate knowledge 
of the past. This assumption of structural and parametric 
constancy is fine if the processes generating the observed data 
evolve in a constant and stable manner. Forecasting accu
racy, however, is a function of future, post-sample events 
which may change on account of unforseen circumstances. 

The main advantage of a formal forecasting method is not 
necessarily the prediction made but rather the process in
yolved in arriving at the prediction and in the way it is inter
preted and utilised. The accuracy of forecasting is therefore 
dependent on the judgment of the modelbuilder who may be 
required, based on his/her understanding of future events, 
to modify the forecast values within tolerable bands. The 
pertinent issue now becomes how different the model fore
casts are from the expectations of experts and how much ad
justment needs to be made to the model. 

In a standard set up, the best forecast of the disturbance in an 
equation is its mean value of zero. However, practica~, fore
casts are not purely model based (zero projection), but are 
subject to non-zero residual adjustments called "constant 
adjustments" or "add-factors" (see Wallis (1989)). These ad
justments are based on (i) the recent patterns of the residuals, 
(ii) available current information not yet incorporated in the 
model, (iii) data revisions, and (iv) information about likely 
future developments not already incorporated in the model; 
for example, if labour contracts are due for renegotiation, an 
adjustment may be necessary in the wage equation. Such 
adjustments are typically made in lieu of are-specification 
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and re-estimation of the model's equations, which are often 
impractical at that stage of the forecasting process. Residual 
adjustments are also used to II fix" solutions to meet a required 
data constraint; an example of this is when an add-factor is 
used to ensure that a forecast matches the value of an endog
enous variable which is known before the forecast occurs. 
Adjustments are not necessarily limited to the endogenous 
variable of interest; a non-zero residual may also be incorpo
rated in an equation of another endogenous variable which 
is related to the endogenous variable of interest. This mecha
nism can also be used to explore new scenarios or structural 
change that the model cannot account for. It is necessary in 
each case to trace the implicit extension that is being applied 
to the model; it aids understanding, ensures replicability and 
points to structural changes that may need to be incorporated 
later. 

The macroeconometric model building environment should 
not provide the only guide to the future path of the economy. 
Indeed, it may often be helpful to combine this approach with 
a series of other methods which can be weighted depending 
on the preferences of the forecaster (see Granger and 
Ramanatham (1984) and Holden and Peel (1986)). Although 
the Trends, Analysis and Projection exercise of the Central 
Bank of Trinidad and Tobago generated both econometric and 
judgmental forecasts, there was no explicit process of weight
ing the importance of the methods based on the preferences 
of policy-makers. 

In macroeconometric models, when all the diagnostic checks 
have been carried out on the model, the researcher may con
duct experiments to further test the validity of the model and/ 
or to predict the unobserved or future values of the endog
enous variables. ll This is usually done through the process 
of simulation. In the framework of equation (1) above, simu-
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lation involves the determination of the time path of the ele
ments of the y vector given x and~.n An initial forecast, 
called the base forecast, is prepared and then another fore
cast, called a policy simulation, is re-calculated after altering 
one or more of the exogenous variables. A comparison of the 
base and policy simulations shows how, conditional on the 
estimated model, the economy would be affected by the policy 
change. The rationale for the use of statistics based on simu
lation is that equation by equation evaluation does not cap
ture the full richness of the simultaneous system and that, if 
the model is truly a representation of the process generating 
the data, then it should produce output that closely resembles 
the observed data. Intuitively, too, it would seem very plau
sible that a model purporting to forecast future values should 
at least be able to satisfactorily explain the past (see Watson 
(1987)). The issue of validation follows no "hard and fast rules" 
and more often than not, modelbuilders are forced to trade off 
alternative criteria in different ways depending on the purpose 
of the model and the nature of the variables concerned. 

This process of simulation is not as straightforward as it may 
appear since depending on the nature and size of the system 
convergence may be a slow process. Moreover, there is no 
correlation between goodness of fit of the individual equa
tions and good simulation and forecast performance (see Klein 
and Young (1980) and Kmenta and Ramsey (1981)). Thus, 
emphasis on single equation simulation criteria may be mis
placed. One global measure of a model's explanatory power 
is that provided in Smith (1977). 

Ex-post simulation is conducted when the main interest is to 
test the validity of the model. The model is simulated through 
the estimation period and a comparison between the original 
data series and the simulated series of each endogenous vari
able can be made. Forecasting involves the simulation of the 
Prob1emslDd CbaUeogeslD ModelliDg IDd Forecasdng Caribbeaa Ecoaomles ----------



model beyond the estimation period. Two forms are often 
identified: ex-post and ex-ante forecasting. In ex-post fore
casting the simulation begins at the end of the estimation pe
riod and extends to the present. Ex-ante forecasting, how
ever, refers to the solution of the model from the current pe
riod into the future. Quantitative measures which help to 
gauge the tracking performance of ex-post simulation and ex
post forecasting include measures such as the root mean 
square error, the mean simulation/ forecast error, the mean 
absolute simulation/ forecast error and Theil's inequality co
efficient and variance decomposition. Measures of ex-ante 
forecast performance are more complex as they require a pro
cess of stochastic or Monte Carlo simulation. Other measures 
used in evaluating models check for (i) the number of turn
ing points the simulation/ forecast missed and failed to pre
dict as well as the number of under or over-predictions; (ii) 
the response of a given endogenous variable (target) to a 
change in an exogenous policy variable (instrument). Ideally, 
the response should conform to the theory and empirical ob
servations (see Wallis (1989)); (iii) the sensitivity of the mod
els to factors such as the initial period in which the simula
tion began and minor perturbations in the coefficients. These 
changes should have minor effects on the simulation or fore
casting results. 

What caveats should accompany policy prescription or fore
casting? First, the estimated model is based on the available 
historical data. These are generated as products of the eco
nomic structure and can only be used for policy analysis on 
the assumption that structure does not change. For example, 
the UNDP (1991) model of the Jamaican economy uses data 
from 1974 to 1989 while the model of the Trinidad and To
bago economy, designed by Hilaire et al (1990), was estimated 
on data from 1966 to 1986. Since the structure of these econo
mies has undergone such radical changes in the very recent 
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past, policy prescriptions based on these forecasts need to be 
interpreted with great care as the analytical usefulness of both 
the equations comprising the models and the estimated coef
ficients are no longer obvious. Second, forecasts have to be 
based on the estimated coefficients. Policy forecasts will there
fore contain margins of error just as the estimated coefficients 
do. Further, even if the estimated model is adequate and the 
coefficients are precise, forecasts can still be wrong for essen
tially three reasons: (i) they incorporate forecasts of the ex
ogenous variables in the model; (ii) they are subject to 
changed II external" conditions that could not have been pre
dicted; and (iii) changes in policy may affect the underlying 
behavioural model parameters (see Leon (1989)). 

1.6 A Schematic Representation of the 
Steps in Model Building 

We have discussed model building as if there is no interrela
tionship between stages 1 - 5 (Figure 1.1). There has, how
ever, been considerable dissatisfaction with this scheme since 
the 1970s. It is ludicrous to assume that there is no feedback 
from the econometric testing to the formulation of economic 
theories (Le. from box 6 to box 1). Econometricians do not 
simply take the theories they are given and test them, learning 
nothing from the testing process. Similarly, the data coll~ting 
agencies do not gather whatever data is available and the 
econometricians use whatever data is given to them. In addi
tion, it has been suggested that in testing hypotheses one as
sumes that the specification adopted in box 2 is correct in that 
tests are only made on the original economic model. The mod
elling process generally follows an up-down, down-up schema 
with feedback from the diagnostic checks to the original model 
specification and to the refinement of the econometric model. 
These new developments suggested are shown figuratively in 
Figure 1.2 . 
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There are few formal macroeconomic models for policy use 
or policy evaluation in the Caribbean, perhaps because the 
notion of economic management is relatively new to the area. 
Systems can be divided into three categories: planning mod
els, estimated statistical models and judgemental models. 
Planning models are based on input-output relationships, 
using linear programming techniques to establish feasible 
long-term paths for the economy. The sole Caribbean example 
of a model of this type is to be found at the Government of 
Jamaica's National Planning Agency,13 Judgemental fore
casts, as the name implies, suggest that the forecasts are based 
on the forecaster's judgement. These types of models have 
been used by the IMF and the Central Bank of Barbados (see 
Holder and Worreil (1985)). Our main concern is the third 
class of economic models, that is, statistical econometric mod
els.14 We do not assess the models under review according 
to all the design criteria discussed in Section 1; rather, the 
emphasis is on the sector composition, size and scope of each 
study, points of similarities and differences with other mod
els of the same economy, their main findings and the way in 
which each model "hangs together as a whole". A critical 
evaluation of these models as well as suggestions for improve
ment are provided. 

2.1 Macroeconometric Models for Jamaica 

As Table 1 indicates, the earliest efforts on macroeconomic 
model building in Jamaica used OLS or 2SLS as the estimat
ing method. The frequency of the data was annual and the 
systems were essentially Keynesian; they incorporated the 
consumption function and attempted to estimate income 
multipliers, neglecting monetary effects. These models how-
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ever recognised the importance of international flows to the 
Caribbean and the authors spent time examining the promi
nence of trade flows through import and export functions. 
Later models by Holder and Worrell (1979,1985) considered 
not only a prominent tradeable goods sector but also the non
tradeables, banking and government sectors. None of these 
models has yet been used for forecasting by policymakers. 

2.2 Macroeconometric Models in 
Trinidad and Tobago 

The models for Trinidad and Tobago were developed along 
similar lines and are comparable in scope to those done on 
Jamaica. There was some discussion on the monetary sector 
and the supply-side of the economy, aspects lacking in the 
earlier models. As a result of their highly aggregative nature, 
these early models on Trinidad and Tobago were however 
smaller in size than their Jamaican counterparts. The later 
models of Charles and St. Cyr (1992) and especially Hilaire, 
Nicholls and Henry (1990) are particularly important as they 
generated ex-post simulation and forecasting results. The Ja
maican models never reached this stage of development. Also 
important to Caribbean macro-modelling is the fact that the 
first and only attempt at estimating a quarterly model has 
been on Trinidad and Tobago although, as Boamah (1981) 
correctly observed, "even if one were to overlook the use of 
an inappropriate estimating technique (OLS), most of the re
sults reported are themselves unacceptable from the view 
point of conventional means of statistical inference". Also, 
no attempt was made to consider the possible seasonal varia
tion in the data. 
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2.3 Macroeconometric Models for Barbados 

Of the three countries, modelling started last in Barbados. As 
a result, the theoretical construction of the early Barbadian 
models was fairly sound. Barbadian model builders seemed 
to have learnt from the weaknesses inherent in the models of 
Trinidad and Tobago and Jamaica. As a means of giving their 
previous judgemental approach a statistical basis, Barbadian 
model builders have sought to combine econometric, account
ing and judgemental frameworks, thereby advancing model 
building in the region. These models have been used, with 
limited success, to provide medium term forecasts and ex
post simulations (see Galawish and Worrell (1988) and 
Craigwell, Haynes, Walker and Worrell (1993». 

2.4 Evaluation and Critique of Caribbean 
Macromodels 

The macroeconometric models reviewed above collectively 
exhibit a great deal of similarities in both the theoretical struc
ture and methods of estimation. Our purpose in this section 
is to present a general evaluation of the models from the per
spective of:-

1. theoretical underpinnings; and 

2. econometric considerations. 

Some model specific issues are also addressed. 

2.4.1 Theoretical Underpinnings 

The discussion above highlights the" incompleteness" of Car
ibbean macroeconomic theory. As Holder and Worrell (1985) 
write, nearly" all these models were abandoned by their au-
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thors before they had captured sufficient interest to suggest 
adoption by policymakers and/ or their critics ..... the models 
in general did not yield sufficient insight into policy issues of 
most vital interest to decision-makers: exchange rates, fiscal 
policy, interest rates, central bank reserve requirements and 
exchange controls". Indeed, these models, especially the early 
models (pre-1980s) were basically of the neo-Keynesian geme, 
with their emphasis on the demand side of the economy, and 
little or no discussion of the supply side of the macroeconomic 
structure. The problems facing developing countries like the 
Caribbean stem mainly from bottlenecks in production due 
to limited quantities of certain factors, such as human and 
physical capital, and relatively inefficient production tech
niques (Boamah (1985». This problem, however, is not as 
great as in the 1960s and 1970s as later Caribbean models have 
not totally accepted the applicability of the Keynesian theo
retical framework. St. Cyr (1991) has recently advanced work
ing hypotheses on some recurring themes central to Carib
bean economies. Our view is that where theory models are 
tentative, statistical techniques should be used to distinguish 
between exogenous and endogenous variables, to determine 
whether the models should be estimated in levels or differ
ences, and whether the equations should be static or dynamic. 

2.4.2 Econometric Considerations 

We focus on two related issues: the data base and the estima
tion technique. The Caribbean studies mentioned above were 
typically estimated with 8 - 9 observations and occasionally 
15 - 20 observations. Due to the paucity of the data, research
ers also omitted several important relations, particularly func
tions related to the labour and financial markets (Worrell 
(1973), Boamah (1980». In many cases, the data employed 
did not correspond precisely to the theoretical specifications, 
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and some of the key series were at best imperfect, subject to 
both random and systematic measurement error. 

All of the above suggest that the results need careful inter
pretation, and could have given a distorted picture of the eco
nomic structure being estimated. As stated earlier, econo
mists tend not to generate their own data and may be igno
rant of the sources and consequences of most of its errors. 
Indeed, the lack of discussion on the biases transmitted to the 
estimates by the inadequate data suggest this is the case. Data 
seems to have been entered uncritically into the computer. 
Caribbean model building efforts would profit immensely if 
our trained economists ( econometricians) became more in
volved in compiling data; we should be more concerned with 
ameliorating our data systems than in estimating what are 
usually simplistic equations employing rather poor data. 

The small data sets also limit us in another area of 'best prac
tice' econometrics. There is some dispute about the exact 
weight one ought to attribute to prior knowledge and to data 
evidence; however, there is wide consensus that one should 
let the data tell part of the story, especially with regard to the 
dynamics of the model, as macroeconomic theory is often si
lent in this respect (Malinvaud (1981». In-depth data analy
sis may provide insights on causal links and lag patterns; such 
an approach would undoubtedly enrich our specifications. 
However, the above macro studies would suggest that Car
ibbean econometricians pay scant attention to the dynamic 
properties of their models. This may have been necessary to 
avoid the familiar degrees of freedom and 'loss of power' 
problems due to limited data when lagged variables are in
cluded in the regressions. 

Arriving at an appropriate specification of a model in the Car
ibbean environment normally involves some iteration be
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tween preliminary specifications and data analysis. Given a 
limited amount of data, the possibilty exists that if enough 
models are fitted, one can arrive at a good fit without the 
model being useful for forecasting or policy analysis. As Rock 
(1984) observes, "due to the lack of a strong macro-theory, 
model formulation in the Caribbean seems to follow this it
erative process: we postulate a (usually parsimonious) repre
sentation of our prior beliefs and confront this with the data. 
Often this preliminary exercise proves unsatisfactory and the 
model is revised." Such specification searches may converge 
to the neighbourhood of the" truth" especially when informed 
by established theory; however, one inherently risks estimat
ing until at some (arbitrary) level of significance one discov
ers a 'significant' relationship from the sample data. As 
Johnston (1984) suggests, this significance may simply be a 
specious contrivance. In addition, such an (iterative) approach, 
strictly speaking, may well invalidate several of the assump
tions underlying the approach to traditional inference (Leamer 
(1978». Leamer proposes several appealing - essentially Baye
sian - ways whereby the researcher can appropriately dis
count the final results of such specification searches. We do 
not discuss these here. In summary, one ought to take careful 
account of the data mining process since these search proce
dures imply that the reported standard errors understate the 
uncertainty associated with the estimated coefficients - the 
rose may not be as real as it looks! 

With respect to the estimating method, OLS is often used as 
the pragmatic choice. Asymptotically, OLS often gives infe
rior estimates (biased and inconsistent) relative to other lim
ited information approaches like 2SLS in simultaneous equa
tion models, the exception to the case being block recursive 
systems. Previous model builders recognised this point but 
failed to provide more discussion on why this outcome pre
vailed. The point is that analytical research on the small 
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sample properties of the consistent (simultaneous equations) 
estimators, such as 2SLS and LIML, indicates that these esti
mators may possess undesirable finite sample properties; for 
example, the 2SLS estimators, under several commonly en
countered conditions, possess a distribution that has no fi
nite order moments. In addition, certain consistent estima
tors can have serious finite sample biases and may be outper
formed by OLS on a mean square error criterion (Zellner 
(1979)). Nevertheless, these results do not necessarily imply 
that OLS is a good choice. There are many situations often 
encountered in empirical work that challenge the empirical 
suitability of the OLS estimator. Some of these are: (i) omit
ted variables; (ii) use of unobservable variables, for example, 
expectations; (iii) measurement error in the data; (iv) stochastic 
misspecification; and (v) dynamic misspecification (see 
Hendry (1980)). Some research has emerged on identifying 
and dealing with many of these technical problems (Godfrey 
(1988)) and analysing the properties of estimators in finite 
samples (Phillips (1977)). An analysis of these problems is 
indispensable to a correct interpretation of our empirical re
sults (see Watson (1987)). 

The more recent studies15 above show little evidence that 
many of these considerations were entertained. Further, "ca
sual" modelling which ignores the above situations may even 
appear sound by the usual regression diagnostics (DW, R2, 
't' - and F- ratios). However, to accept OLS results on the ba
sis of these statistics alone, and without deeper soul-search
ing, is a process fraught with danger. Granger and Newbold 
(1974) have clearly shown that when variables are run in lev
els, inference based on these above mentioned summary sta
tistics may be misleading. In fact, in strict terms, the 'F' and 
't' statistics are themselves invalid for inference under sev
eral of the above-mentioned conditions. Since the acceptance 
of the OLS results are conditional on these statistics, the as-
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sumptions underlying their validity become important. 
Godfrey (1988) has outlined several diagnostic tests (for ex
ample, exogeneity, parameter constancy, autocorrelation) to 
check the underlying assumptions of the least squares regres
sion. The objective is to design models that are theory-con
sis tent approximations to the process generating the data, and 
which mimick elements both of the past, present and future 
and are the measurement system that generated the observed 
data. 

Another econometric problem which is not peculiar to Carib
bean studies is the issue of non-stationarity. Conventional 
econometric theory has been developed upon the assump
tion that the underlying data processes are stationary. How
ever, most economic variables do not exhibit constancy over 
time neither in mean nor variance, implying that classical sta
tistical inference in general is not valid. Recent developments 
in econometric theory have shown that if a set of non-station
ary variables is cointegrated, that is a linear combination of 
these variables is stationary, valid estimation and inference 
is possible. This stationary linear combination can be inter
preted as a long-run equilibrium relationship. Thus, this 
econometric methodology16 (Engle and Granger (1987)) can 
help ascertain the existence of the theoretical specification. 

In addition to the general points raised above, there are prac
tical shortcomings that should be considered in formulating 
models. For example, in Hilaire et al (1990), consumption, 
income, and imports are estimated using current prices, not
withstanding the fact that the period covers years of moder
ate to almost no inflation (the 60's) to years when inflation 
was as high as 22% (the 70's). In addition, some estimated 
equations did not recognise underlying identities. For ex
ample, Hilaire et al estimate the function 
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NDAT= -115.91-1.006BUD+ l108NDAT(-1) 
(0.66) (-6.49) (15.14) 

(3) 

where NDAT= Net Domestic Assets of the Central Bank and 
BUD = Government's Budget Surplus.17 The constant term 
(which should not have been used at all) is not significant 
while the coefficients of BUD and NDAT(-1) are not signifi
cantly different from -1 and 1 respectively, their correct val
ues derived from the identity NDAT = NDAT(-1) - BUD. 

Depending on the objectives of the model and the ,requisite 
level of disaggregation, a choice can be made regarding the 
desirable mix of behavioural equations and identities. Some 
authors prefer using identities to estimated equations wher
ever the former are possible. For example, whereas tax rev
enue functions are generally estimated as: 

Tax Revenue = at{3 Tax Base (4) 

the identity Tax Revenue = Average Tax Rate * Tax Base could 
be a preferred alternative; the average tax rate could be de
duced from the data. 

If the model is to be used for policy making purposes, the use 
of the identity instead of the equation 4 provides a very pow
erful policy instrument: the average tax rate. The fixed value 
for p clearly does not provide for this possibility. 

It is particularly important that fundamental accounting iden
tities of the economic system be incorporated into the mod
els. A failure to do this makes it unclear whether sectoral 
linkages are satisfied. In addition, assumptions implied by 
data constraints must be fully recognised. For example, we 
cannot claim that there is no assumption of money market 
equilibrium when the data does not distinguish between 
money demand and money supply, and the same money se-
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ries is used to model both demand and supply functions. 
Further, where data series, not available in published sources, 
are compiled for the model building exercise, the procedures 
used should be clearly stated. Not only is replicability facili
tated, but the accuracy and interpretation of the results will 
depend on the validity of the constructed data. 

Simulation results must also be interpreted with great care. 
In Hilaire et al (1990), when the model was simulated to de
termine the effects of a fall in oil prices, the model predicted 
that domestic prices would rise. The corollary to this, of 
course, is that a rise in oil prices would result in a slow down 
of domestic inflation, a result which, in addition to being 
counter intuitive, is contrary to all the existing evidence. This 
result alone, in retrospect, should have been sufficient to 
prompt further inquiry on the adequacy of the model specifi
cation. 

Finally, the limited attempts at forecasting have not been very 
encouraging. In Hilaire et al (1990), the model was used to 
generate forecasts for 1987 and 1988. The actual percentage 
errors are quite large, especially for the second year of the 
forecast (1988). For example, in 1988, the forecast errors were 
47% for the money supply, 26% for the wage rate and 10% for 
GOP. The differences between the actual and forecasted 
growth rates are equally large: an actual growth rate in the 
money supply of 7.9% is forecasted as 33.9%, a contraction of 
2.94% in Gross Domestic Production is forecasted as a 1.8% 
growth while a 16.6 % increase in the Budget Balance is fore
casted as a 6.4 % increase. For comparison, the UNDP model 
of the Jamaican economy forecasts for the growth rates of con
stant price GOP for the years 1990 to 1991 (the two years ad
jacent to the historical data used to fit the model) show sig
nificant differences between actual and forecast growth rates: 
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a 5.4% actual growth rate was forecasted at 2.5% in 1990 and 
a 0.5% growth rate in 1991 was forecasted at 2.6%. The aboy.: 
indicates that the limited forecasting experience of both these 
models leaves a lot to be desired. This questions the practical 
validity of macroeconometric models in the Caribbean con
text and whether other kinds of models may not be more ap
propriate. One possible alternative is the" accounting" type 
models such as the one proposed by Bruce (1987) for the more 
data deficient countries of the Caribbean and which bears a 
striking resemblance, at least in spirit, to the Revised Mini
mum Standard Model of the World Bank (Tims and 
Waelbroeck (1982), chapter 2). Another alternative is to look 
in the direction of the more elaborate Computable General 
Equilibrium (CGE) models which, although not requiring a 
lengthy time series, pre-supposes the existence of a recent 
Social Accounting Matrix which, at the moment, exists in no 
English speaking Caribbean country. 

In summing up the model building experience to date in the 
Caribbean, it is not unfair to state that all models were largely 
built by academics who spent little or no time designing the 
correct environment for forecasting. The emphasis in most 
of the modelling attempts was on designing" estimable" sys
tems for testing various hypotheses rather than on designing 
systems which offered policy analysts the ability to combine 
simulation and forecast results with their own expert knowl
edge, in a day-to-day working environment. Indeed, by the 
beginning of the 1990s, the large scale model attempts which 
had experienced considerable popularity in the 1980s fell into 
disuse, Numerous reasons can be cited for this demise, the 
most important of which include: (i) the lack of continuity in 
the model building cycle, (ii) the inability of modelbuilders 
to effectively communicate their results to policy makers, and 
(iii) the rise of the general-to-specific methodology which 
emphasised a return to the single equation tradition, with a 
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greater emphasis on testing rather than on structural detail. 
The Central Bank of Barbados, for instance, shifted to this 
methodology in the latter half of the 1980s but was unable to 
effectively combine it with its overall policy and forecasting 
stance. IS The detailed attempts at forecasting based on 
macroeconometric modelling slowed in most of the MDC 
Central Banks, aggravated, in part, by an exodus of econo
metric specialists.19 

The question which needs to be resolved in light of the expe
riences with model building is how should the process of con
structing cost effective models for forecasting and policy 
analysis proceed in the various Caribbean Central Banks. We 
envisage two alternatives: 

(i) a prototype model taking into account the general fea
tures of Caribbean type economies but flexible enough, 
say, to account for varying oil prices in Trinidad and 
Tobago and varying banana prices in the Winward Is
lands. The model, once adapted to the circumstances 
of a particular country, will become a model of that 
country alone. This is similar in spirit to the model of 
Holder and Worrell (1987) but may not at all resemble 
that particular prototype. 

(ii) a single model of the region which will take into ac
count individual differences along the lines of "Pool
ing Data" methods similar to the IMF type models of 
Haque et al (1990) and Leon and Samuel (1994). 

The first alternative takes into account the similarities as well 
as the very real differences that exist among the various coun
tries making up the English-speaking Caribbean. The sec
ond alternative assumes that the similarities are much more 
noteworthy than the differences, an assumption that was re
jected by Watson (1995) in a study involving the countries of 
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the OECS which, on a priori grounds, would be the most ho
mogenous grouping in the region. 

3. ELEMENTS OF A SUCCESSFUL 
FORECASTING STRATEGY 

In this section we argue that a successful forecasting strategy 
must be based on a structured forecasting environment. The 
main elements of that strategy include a structured approach 
to modelling, a systematic forecasting process, commitment 
and support across departments and affiliated institutions, 
and the fostering of a community spirit through a process of 
dissemination. 

As an illustration of the underlying basis for the guidelines, 
consider the apparently simple question" should an overseas 
foreign currency deposit be hedged against the risk of cur
rency depreciation?" Stated in prescriptive form, those ques
tions invariably relate to a population of interest. The yes/ 
no initial question becomes "what will be the exchange rate 
during the forthcoming period of interest?", which in turn 
asks "what are the factors determining the future exchange 
rate?" By casual observation or logical deduction we 
hypothesise a conjecture that the exchange rate is a function 
of a set of variables. What type of function? What set of vari
ables? We req~ire a body of knowledge and an articulation 
of a transmission mechanism to guide our specification of the 
function, and adequate data and statistical analysis to con
front the conjecture. 

3.1 The Forecasting Process 

In an ideal environment, the modelling process has well ar
ticulated objectives, there is a body of theory to guide the 
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econometrician in formulating models and establishing map
pings from theoretical latent constructs to observational 
equivalences; the data exist for a sufficiently long period and 
with appropriate periodicity for the policy questions of inter
est; appropriate estimation methods are known and used; 
adequate diagnostic tests are conducted; inference follows 
sound statistical procedure and the model is interpretable 
relative to the questions of interest. But there are technical 
and institutional constraints that ensure that the ideal condi
tions do not materialise, thereby producing questionable re
sults. By identifying critical junctures in the process we can 
note the points at which errors can be introduced into the 
modelling process; we can therefore seek to reduce those er
rors by judicious choices where possible. The relevant as
pects of an appropriate modelling approach have been de
tailed in Section 1. We can summarise by stating that all mod
els should satisfy certain desirable conditions: (i) be theory 
consistent; (ii) be data coherent; (iii) must reflect policy sensi
tivities, realities and constraints; (iv) be capable of accurate 
historical simulation; and (v) be available for replication of 
results. It is therefore clear that our needs must include a 
database that can facilitate, using principles of good model 
design, individual and comparative analyses of economic pro
cesses. 

The forecasting process must generate immersion of the rel
evant constitutents. We will assume without further elabo
ration that the objectives of the model have been clearly stated 
and there is a stated commitment to the process by the Cen
tral Banks and other relevant institutions. This commitment 
has to incorporate development, application and refinement 
time for the model. More importantly, there ought to be a 
mechanism that integrates the activity maps, resource bases 
and comparative advantages of various departments of the 
institution in the development and usage of the model. The 
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model building exercise should not be viewed as the work 
programme of a sub-group of individuals. The forecasting 
process must generate a sense of belonging among partici
pants; it must carry the same lofty ideals and generate the 
same cooperative spirit as exists across all departments in the 
Central Bank when the annual report (say) is being compiled 
- information flows from all departments in a timely manner, 
tone and judgement is exercised by management, and the text 
is edited for accuracy, style and impact. There must be 
cognisance of the skills base and current work profiles of com
puter programmers and analysts, investment officers and 
bank supervisors and how those skills map into activities that 
can contribute to and enhance the overall efficiency of the 
modelling process. 

The Central Banks should strive to build quarterly forecast
ing models with a two to three quarter short horizon and a 
six to eight quarter long horizon, both of which should be 
updated as information flows in, bi-monthly for the short and 
quarterly for the long horizon forecast. Forecasts should be 
released periodically and a mechanism for updates in,stituted. 
Regular updates enhance the accuracy of the final forecast 
evaluation, ensure the incorporation of revised data and un
anticipated events, provide continuity to the modelling and 
forecasting exercise and utilise available information in an 
optimal manner. It is more important to incorporate infor
mation to refine a forecast than to do a post mortem of a three 
month old forecast and seek blame. However, care ought to 
be exercised in ensuring that every "new bit of information" 
does not change the forecast. 

Given the stated goals and tolerance levels for the forecasts, a 
monitoring process ought to be established and maintained 
for control purposes. This signalling device is not only infor
mative as a tracking device for the model but may also serve 
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the purpose of monitoring the effects of policy changes or the 
impact of external shocks. A clear listing of forecast input 
assumptions and their computational basis (data, judge
mental, or anecdotal) are of vital importance in evaluating 
whether forecast errors are due to factors outside of the con
trol of the forecasters, and helps to develop and maintain the 
credibility of the forecasts. 

Forecasts should be presented in a simple manner with a de
cided takeaway, and must be technically correct and under
standable to policy makers. They should indicate alternative 
scenarios or a probability weighted forecast with relevant in
terval ranges. Graphical interfaces ought to be developed to 
facilitate presentation, scenario demonstration, and model 
linkages. To encourage exchange and adequate dissemina
tion, it may be necessary to have a common software avail
able at all institutions. Management Information Systems 
departments should be involved in the development of for
eign language interfaces and front end menus. 

Since the data collection and publication lags inevitably mean 
that at any point in time the model is not being solved with 
current data, a mechanism for constructing imputed data up 
to the current period (to be subsequently revised) a~d the 
incorporation of structured" conjunctural" analysis into fore
casts cannot be understated.20 Where regional forecasts are 
deemed necessary, it is essential that global or extra-regional 
assumptions be common to each individual country model. 
Again the principle of community involvement and coopera
tive participation can be extended to embrace all the regional 
Central Banks and RPMS as one regional institution with 
stated goals . 
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3.2 An Integrated Information Architecture 

This infrastructure should include the appropriate hardware 
and communication systems to support the forecasting drive. 
Collaboration requires the participating institutions to dis
seminate data, a skills database, techniques and models. This 
would have the obvious benefit of minimising duplication of 
effort, generating skills enhancement by sharing and ensur
ing greater uniformity of development across the Central 
Banks. Exchange visits among staff of various departments 
of the Central Banks should be regularised, and RPMS meet
ings - mid-year and annual- should be used to share results, 
analyses and approaches to various problems. In a supple
mentary role, the RPMS centre in Trinidad and Tobago can 
serve as a clearing house, disseminating data and providing 
a hub for comparative research projects. A minimal require
ment for integrating the RPMS with the Central Banks would 
be a network topology that allowed access to the various Cen
tral Banks. Even if this stage of network development is not 
contemplated now, given different stages of networking to
pologies and current hardware at the various Central Banks, 
at the very least, a common transfer protocol should be es
tablished with individual routines to interface with software 
at various institutions. This has the attraction of being low 
cost and allows the growth of institutional interaction before 
full blown networking. 

A well-developed database system must be flexible enough 
to allow the modelbuilder to manipulate the data items in 
the most convenient form. Such a system should contain fa
cilities for: 

1. Performing extensive data exchange on electronic media 

2. Creating data entry forms with built-in verification checks 
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3. Sortin~ matching and merging records 

4. Manipulating data of various periodicities 
5. Producing reports with text, tables and high resolution 

graphics in 2D and 3D. 
This database system should also allow for easy interfacing 
with specialised model building packages; in turn, the cho
sen statistical packages should contain facilities for address
ing external libraries and have an inbuilt programming lan
guage to allow coding of new developments in estimation 
and testing. 

In addition, efforts to improve the actual data should be in
tensified: publication lags need to be shortened, the overall 
scope widened, and the periodicity of the data increased. The 
problem of the inadequacy of the statistical data base in Trin
idad and Tobago in relation to econometric modelling was 
addressed more than a decade ago by Watson (1984), and the 
issues raised then were valid for all English speaking Carib
bean countries. Today, the "inadequacy gap" has widened. 

In the Caribbean, the practice of generating these data is a 
fairly well established one although things are far from per
fect. Some immediate shortcomings, valid for most (and per
haps all) countries are the following: 

1. Data in most categories are available at best on an an
nual basis. This limits the forecasting exercise to an
nual models; adjustments that take place from quarter 
to quarter, for instance, cannot be anticipated in order 
to allow for corrective measures 

2. Inter sector demand (input/ output) data are totally ab
sent 

3. There is little or no useful disaggregation in certain key 
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areas like the components of aggregate demand 

4. Constant price information and the corresponding price 
deflators for the trade sector, for example, import de
mand and exports of trade ables, are very limited. 

5. Most of the data are published with an appreciable lag. 
In 1995, for example, the modelling team may be work
ing with data for which a complete set is available only 
up to 1992. But in 1995, policy makers are interested in 
forecasts for 1996 and beyond, and not for 1993 to 1995, 
which is clumsy given the state of the data. Further
more, for completeness, data compiled at different 
sources are frequently related to each other by obvious 
identities but, more often than not, such coherence is 
absent from the published data either because of differ
ent practices of the various agencies preparing the data 
or because of the timing of the publications. 

3.3 Material and Human Resources 

There are many professional economists (including the most 
highly trained) who believe that all that is required for a good 
model is a competent econometrician to ply his trade of run
ning regressions and interpreting t-ratios and R2s. Nothing 
can be further from the truth and, indeed, the discussion in 
the previous sections would have already given a hint that 
the generation of an econometric forecast and, by extension, 
the maintenance of a macroeconometric model, may require 
human and material resources that go way beyond this. In 
fact, it may tum out to be quite expensive!21 In as much as a 
strong commitment is required, institutions should consider 
the costs and benefits of engaging in a forecasting exercise. 
Collaboration, as discussed below, can help reduce costs and 
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increase benefits to individual institutions. This section 
itemises resources needed for an average institution. 

The discussion which follows assumes a model of the size 
and complexity of the ILPES (1986) model (two of the models 
cited above, the Charles and St. Cyr (1992) model and the 
UNDP (1991) model of Jamaica, follow this prototype). This 
is somewhat larger than the other known Caribbean proto
type, the Holder-Worell (1987) model, largely because it is 
more disaggregated and it takes specific account of the de
mand side of the economy. Notwithstanding this, it is fairly 
modest in size Oess than 100 equations) and is relatively highly 
aggregated; therefore, it is not far fetched to assume the size 
of the ILPES model as an approximate minimum requirement 
for a typical Caribbean model. 

In general, the modelling and forecasting exercise depends 
on third parties like the Central Statistical Office and the Cen
tral Bank to generate most of the data to be used. These in
clude data on national income, prices and wages, balance of 
payments, stock of money and domestic credit and 
government's fiscal operations. Given the data deficiencies 
stated above, it might be asking too much to have all these 
various agencies, and sometimes even the sub-units within 
an agency, to so radically alter their practices to suit the mod
elling unit, even though the latter may be part of the state 
sector to which the data collecting agencies belong. We be
lieve that it is impera.tive for the modelling unit to have the 
services of at least one competent and trained statistician 
whose principal task would be to acquire an almost perfect 
knowledge of data collection and compilation practices and 
data sources in the country or countries concerned. To him/ 
her will fall the (full-time) task of liasing with the various 
data collection agencies, of filling the inevitable gaps in the 
data so as to bring the data base up to date, of initiating the 
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compilation of new series, and of marshalling the existing data 
into a coherent whole (so that, for example, identities required 
by economic theory are respected). The ideal person should 
be computer competent (and not simply literate) and should 
be able to make recommendations about data entry, storage 
and retrieval in a computer environment. 

The statistician should also be a pioneer and be able to use 
his/her privileged relationship with the data collection agen
cies to obtain data to satisfy the demands of an increasingly 
sophisticated model. One immediate area in which this is 
possible is in the construction of an Input/Output table and, 
eventually, a Social Accounting Matrix (SAM). A major con
cern of Caribbean economists is the" demand management" 
emphasis of macroeconometric models and the consequent 
inability of these models to forecast supply bottlenecks 
(Boamah (1981». With the increasing emphasis on "struc
tural adjustment" and" economic dependence" in Caribbean 
countries, inter-industry linkages are going to become more 
and more important and so too therefore must input-output 
models. These can be used in conjunction with standard 
econometric models as outlined in Klein (1980). 

A successful modelling and forecasting effort requires the 
(almost) full time attention of a team of very skilled econo
mists headed by a chief economist whose forte should be 
economic theory, more specifically Caribbean economic 
theory. The ideal person should have a thorough understand
ing of the Caribbean reality (including institutions and struc
tures) and should be fully steeped in the knowledge of recent 
Caribbean economic history. Knowledge of modem and tra
ditional econometric practice would be an asset but it should 
be more optional than absolutely necessary. 

The chief economist would lead a team of sector specialists, 
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each with a thorough knowledge of that branch of econom
ics relating to the sector; for example, a monetary economist 
would have responsibility for the monetary sector. It is abso
lutely necessary for such economists to be thoroughly famil
iar with published economic statistics, especially as it per
tains to the data directly related to their specialisation. Once 
again, a sound knowledge of econometric practice would be 
useful. The chief economist would have to ensure the unit works 
as a team, engages in an econometric methodology that is 
"model-wide consistent" and undertakes inter-sector dialogue. 

One of the chief responsibilities of the sector specialist would 
be the specification (and estimation) of equations purporting 
to explain the workings of the sector under his/her purview, 
as well as the identification and the modelling of the linkages 
with other sectors. The chief economist would be respon
sible for co-ordinating the overall modelling effort and for 
ensuring that the linkages between the various sectors are 
theoretically and technically sound. It is this team, together 
with the statistician, which would be responsible for formu
lating the assumptions about the future path of the exogenous 
variables in the model and to analyse the main consequences 
of the forecasted scenarios. 

The modelling effort, of course, requires the services of an 
econometrician whose principal intervention would be at the 
stages of estimation and validation of the model. At the same 
time, he/ she must work closely with the team of economists 
in the specification exercise and must be in close contact with 
the statistician in working out the data requirements of the 
model. The econometrician would also be required to keep 
au courant with current econometric practice; a specifically 
important duty would be to train (and retrain, if necessary) 
the economists on the team in the relevant econometric and 
mathematical methods necessary for the modelling exercise . 
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Whereas he/she must be more concerned with the math
ematical properties of the model (such as its stability), there 
must also be concern about the economic meaning of the co
efficients obtained from the estimation exercise, especially if 
it involves complicated lag structures like those associated 
with V AR-Error Correction models. Here, too, he/ she will 
rely heavily on the inputs from the team of economists. 

It goes without saying, then, that the econometrician must 
have a relatively sound knowledge of the underlying econom
ics of the model. Another necessary requirement would be a 
comprehensive knowledge of state-of-the-art software pack
ages used for estimation and model solution and, ideally, 
should be ab1e to programme in packages like AREMOS, 
EVIEWS, GAUSS, RATS and TROLL. 

The team of economists should be complemented with a com
puter specialist. The person sought here is a relatively rare 
breed in the Caribbean today: he/she will be an economist 
who is at the same time an expert programmer/analyst (per
haps someone with a good first degree in economics with a 
post graduate training in computer science). In addition to 
ensuring the required level of computer competence of the 
other members of the team, this person would be principally 
responsible for all major programming exercises, including a 
user friendly interface for use by the economists whose task 
it will be to generate the forecasts. He/she must also have or 
be able to acquire specialist know ledge in hardware and soft
ware (including spreadsheets, databases and graphics pre
sentation) and be particularly adept in modem methods of 
data communication using local and wide area networks. 

The technical competence of the team would be incomplete 
without the services of two or three junior economists who, 
in addition to serving as apprentices, would be required to 
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function as research assistants to the senior technical person
nel. They must of course have a sound training in economics 
and quantitative methods (including economic statistics and 
econometrics), and be computer literate. 

It is unlikely that each Central Bank would be able to devote 
the required resources to the modelling exercise. Our sug
gestion would be to house such a team at the RPMS centre. 
The first task of the team would be the construction of a new 
prototype model (which will clearly be influenced by the 
existing ones) which can be easily adapted for specific use by 
individual countries. Modelling units at the Central Banks 
would collaborate with the centre, maintain an in-house ver
sion of the prototype and assist in its development. The con
struction of an adequate data base can be a concurrent activ
ity, eventually feeding into the estimation, validation and fore
casting stages for the various countries. 

A sustained generation of good forecasts, then, requires the 
ongoing commitment of a critical minimum level of resources. 
The need for properly qualified" counterparts" at the Central 
Banks with almost total modelling responsibilities cannot be 
understated. The designated users of any model- those who 
must generate the forecasts - have to play an important part 
in its construction and development. 

4. CONCLUSION 

This paper has explored the requirements for a successful 
forecasting effort in the Caribbean. We recommend the need 
for institutional commitment to the modelling effort, an inte
grated resource approach both within institutional depart
ments and across regional institutions, and a more concerted 
effort on developing data and systems architectures. We ar-
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gue for a structured approach to modelling, and for a fore
casting environment that fosters collaboration of effort and 
dissemination of results and skills. 

The achievement of a relatively successful forecasting sys
tem in CARl COM hinges on the expert blending of sound 
judgement, economic theory and a sohisticated information 
architecture with a systematic approach to modelbuilding. 
These requirements, however, are neither necessary nor suf
ficient to guarantee the occurrence of "accurate forecasts". 
Indeed, absolute accuracy in forecasting is seldom the perti
nent issue, unless, of course, the forecaster is "omnipotent" -
a trait which can only be ascribed to the Creator. However, a 
structured approach to forecasting may often pay useful divi
dends if model builders are able to anticipate the magnitude 
and direction of movements in economic variables. 

Although Caribbean economists have been involved in the 
construction of national economic models since 1970, the pro
cess of modelling has not contributed as significantly as ex
pected to policy analysis and forecasting. The many models 
that have been constructed have either not been used consis
tently or when they have been used, have not been employed 
with any great degree of success. It is quite likely that this is 
fundamentally the result of a miscalculation of the resources 
required to produce good forecasts on an ongoing basis; this 
would explain both the inadequacy of the models themselves 
as well the lack of use to which they were put. 

It is our opinion that current models should be as simple as 
possible, although the simplicity assumption should never 
be taken as a license to strip a model of theory-derived com
plexities simply to facilitate estimation. The simplicity argu
ment stems from the current shortage of adequate data and 
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of a comprehensive macroeconomic theory of Caribbean 
economies. However, because of the small samples and the 
omission of potentially important variables, policy recommen
dations should be cautious and should attempt to quantify 
the trade-offs facing the decision makers. In most cases, struc
tured judgement and experience cannot be ignored or under
stated. 
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20. Bayesian methods may be explored as a means of generat
ing the imputed data. 

21. An unwillingness or inability to provide the resources re
quired is a probable reason for the marked absence of fore
casts in the region. 
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INTRODUCTION 

Forecasting is as old as time and one can trace some of the 
earliest recorded examples of forecasting to the Oracle at 
Delphi. Macroeconomic forecasting however, came into 
prominence only quite recently. The growth of Keynesianism 
and na tional income accounting provided a framework within 
which large scale macroeconomic models could be built and 
tested. Macroeconomic model building can be traced back to 
the work of Tinbergen (1939), Haavelmo (1944), Koopmans 
(1945), and the Cowles Commission (1952) to mention a few 
examples. Developments in this early period dictated to a 
large extent the type of models which were built by the dif
ferent schools - American, British and Dutch for example. 
Caribbean model building is of even more recent vintage and 
its early roots can be traced to the work of Nicholas Carter 
(1970) and others. Since that period, several macro models 
with forecasting features have been built within the Carib
bean. The work of Persad (1975), Gafar (1977), and Holder 
and Worrell (1985) all come easily to mind. In the Central 
Bank of Trinidad and Tobago, Henry, Hilaire, and Nicholls 
(1990) combined the various existing submodels to produce 
the Bank's first macroeconomic model of the economy of 
Trinidad and Tobago. Version I of this model was completed 
in 1990 but no further progress was made towards Version II. 

In the fifty years or so since the work of the Cowles Commis
sion was first presented, great strides have been made in eco
nomic and econometric theory as well as in "economic com
puting". Yet to a large extent, the data used in most econo
metric models have not kept pace with these developments, 
especially for developing countries. But even in the case of 
the more developed economies, some practitioners believe 
that there are still not enough data available . 
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Concerns with data are nothing new as is evidenced by the 
work of Morgenstern (1963) and Griliches (1986). Issues of 
reliability, measurement bias and comparability have been 
raised at several different fora. A recent issue of the Journal 
of Development Economics and in particular the article by 
Srinivasan (1994) is devoted to concerns about the database 
used for development analysis and spans an area wider than 
that of economic statistics. In light of the recent decision by 
the Regional Programme of Monetary Studies (RPMS) (re
named the Caribbean Centre For Monetary Studies - CCMS 
in 1995) to initiate macroeconomic forecasting for the 
CARICOM region, it is important that another look be taken 
at economic data in the Caribbean. In addition, at a recent 
meeting of the Council of Central Bank Governors, the com
mitment was given to monitor on a bi-annual basis move
ments in selected macroecunomic variables which may be 
applied in the measurement of economic convergence in the 
CARl COM region.2 

This paper examines some of the data deficiencies in the Car
ibbean with particular reference to Trinidad and Tobago. It 
is the author's view that data deficiencies pose serious prob
lems for modelbuilding and forecasting in the Caribbean. 
Economic theory (including Caribbean economic theorising) 
provides the conceptual framework and usually guides the 
model builder towards the particular mathematical formula
tion that he/ she may wish to test. Econometric theory pro
vides the appropriate tools, techniques and the inferential 
procedures to test the validity of such models. Data provide 
the raw material for testing these models, but if there are ma
jor deficiencies, there is a great risk of erring in policy conclu
sions on the basis of these models. 

In the remainder of this paper six major types of deficiencies 
commonly found in the economic statistics of Trinidad and 
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Tobago (Tl) are described and some suggestions for improve
ments are provided.3 

1. SOME MAJOR DEFICIENCIES OF 
ECONOMIC STATISTICS IN TRINIDAD 
AND TOBAGO 

The two major actors in the preparation of the statistical da
tabase in Trinidad and Tobago are the Central Statistical Of
fice (CSO) and the Central Bank of Trinidad and Tobago 
(CBTT). The Act of Parliament which established the CSO 
mandated the organization to I collect, compile, analyse and 
publish statistical information" .. commercial, industrial ... 
economic ... ' In some instances, the CSO has delegated its 
authority to other public offices such as the Ministry of Agri
culture or the Ministry of Energy. The Central Bank by its 
own enabling legislation has a regulatory function in respect 
of the financial system and also has a legislative mandate to 
undertake continuous economic research. To this end, the 
CBrr has assembled and maintains on a current basis, eco
nomic data with a primary focus on monetary, financial, fis
cal and real sector variables. Two other important statistical 
agencies are the Industrial Court and the National Insurance 
Board. The former collects data on wage contracts and in
dustrial disputes, while the latter has built up an interesting 
database on employment benefits and social insurance pay
ments. 

At first blush, therefore, it may be argued that Trinidad and 
Tobago is well served in the area of economic statistics. Per
haps ten to twenty years ago, this statement may have in
deed been true. However, given.the changing economic situ
ation and shorter time horizon of decision makers, one can 
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identify six major areas of weakness in our economic statis
tics. These may be listed as follows (i) timeliness of current 
output; (ii) lack of new data series; (iii) inadequate periodic
ity of recorded data (i.e. annual rather than quarterly data); 
(iv) insufficient transformations; (v) short data sets; and (vi) 
absence of forward looking indicators. In outlining these 
deficiencies, the focus is deliberately not placed on issues of 
methodology, measurement bias, the classification of eco
nomic sectors (e.g. Trinidad and Tobago System of National 
Accounts versus International Standard Industrial Classifi
cation), or even whether the data used bear any relationship 
to theoretical constructs. Each of these topics may be the sub
ject of separate papers and ought not to be dismissed very 
lightly.4 Indeed, if the CCMS intends to build a 
macroeconomic model for the CARl COM region then these 
very issues must be confronted at the immediate outset. 

1.1 Timeliness of Current Output 

Today, decision makers want access to data as well as fore
casts of data almost instantaneously so as to inform policy 
formulation. Thus, for example, in the current liberalised en
vironment in Trinidad and Tobago, any model used to de
termine open market operations cannot be hampered by long 
data lags. In the local environment, the timeliness of the CSO's 
output has deteriorated over the past few years. While data 
on the monetary and financial system are available from the 
Central Bank with relatively short lags, there are major prob
lems with the CSO's real sector data. 

The CSO's publication of the Index of Retail Prices generally 
has the shortest time lag (one month); however the situation 
with respect to external trade data and some production se
ries is cause for much concern. In these circumstances, the 
lags can be as long as one quarter. In the case of national 
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income data, annual estimates of Gross Domestic Product 
(GDP) by sector of origin are generally available once a year 
at budget time.s Complete national accounts data seem to be 
available at five yearly intervals, but sometimes certain 
sectoral estimates are weak and are subject to constant revi
sion. This is dearly an unsatisfactory position for a country 
and by implication any serious policy model builder. The 
situation has deteriorated considerably within recent times 
as is underscored in the following example. In 1989, the CSO 
approached the Central Bank to I delegate' to the Bank respon
sibility for the balance of payments accounts. At that time, 
the Central Bank decided to introduce a quarterly balance of 
payments accounts and to report these statistics with a lag of 
one quarter. This approach was followed because of several 
new surveys which were to be introduced, even though at 
that time the merchandise trade data tended to be current. 
Over the past twelve to eighteen months, the situation has 
worsened and now the entire balance of payments is reported 
with a quarter lag in the Central Bank's Quarterly Bulletin. 
This situation is even more critical given the nature of the 
foreign exchange market and the need to have early indica
tions of the changing trends in the demand for imports. 

1.2 Lack of New Data Series 

A second deficiency is the absence of new data series and this 
may be examined from two angles. The first is the updating 
and re-basing of existing data series while the second is the 
introduction of entirely new series. In the late 1980s, the CSO's. 
series on real GDP was still measured at 1970s prices, and, 
driven by the need for a more up-to-date series, the Central 
Bank derived its own real Quarterly GDP Index.6 It was prob
ably the existence of this index which then provided an im
petus for the CSO to revise its own series and currently both 
series have a 1985 base year.7 
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A second example can be found in the area of the Index of 
Domestic Production. The base year of the CSO's current 
Index of Domestic Production, a commodity based index, is 
1977. While it may be relatively easy to splice new commodi
ties into the index (e.g. the introduction of methanol and natu
ral gas liquids), the economy has changed dramatically over 
the past 18 years. In this respect, not only is the individual 
weighting of the overall Index inappropriate for 1995, but the 
Index cannot take into account the changing nature of the 
operations of several manufacturing establishments. One can 
make similar arguments for the Index of Retail Sales, the base 
year of which is 1979. 

As for the non existence of new series, Forde (1989) identi
fied the following areas in which no data existed for Trinidad 
and Tobago: concentration ratios, wealth, bankruptcy (per
sonal, corporate), rates of return, capacity utilization, and in
vestment intentions - to mention a few. To date, no progress 
has been made in the compilation of even one of these series 
which are all important to decision makers. What is more, 
house prices, housing starts and satellite accounts might now 
be added to the previous catalogue. The latter two are im
portant and may be used to determine policy in certain areas. 
For example, most Central Banks in the region initiate policy 
changes which directly or indirectly affect the mortgage mar
ket; yet there are limited data available to even attempt an 
econometric model of the housing market in Trinidad and 
Tobago and the wider region. Satellite accounts can be de
fined as accounts adjunct to the national income accounts and 
can be used to present more information on specific activi
ties. There are several countries for which satellite accounts 
.in areas such as tourism, natural resources and the environ
ment might prove useful. Yet, there are currently no major 
initiatives being developed to introduce these series and some 
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countries may not even be aware of the importance, or the 
potential usefulness of such accounts. 

1.3 Periodicity 

Most of the published macroeconomic models in use in the 
Caribbean are annual models simply because monthly or 
quarterly series are largely non-existent.s For instance 
Trinidad and Tobago is currently the only CARICOM coun
try which publishes quarterly balance of payments accounts 
as well as a quarterly real GDP series.9 The non-existence of 
data series such as these, particularly real sector data, is a 
serious limitation, as one is restricted to annual models or the 
compilation of pseudo quarterly series. The calculation of 
these pseudo-series is problematic since several of the algo
rithms used may not be suited to the region. For example, 
the method of deriving quarterly data introduced by Lisman 
and Sandee (1964) is appropriate" if nothing is known about 
the quarterly figures desired, and no assumption can be made 
about some (seasonal) pattern or actual fluctuations." In re
ality the pattern of economic activity throughout the year in 
the Caribbean does not follow a smooth trend, but has dis
cernible peaks and troughs. The choice of the Lisman and 
Sandee method and its derivatives may not be appropriate in 
many circumstances. More recently, Nicholls et al (1995) in
vestigated the temporal disaggregation of the GDP series for 
Trinidad and Tobago and concluded that one may be very 
wrong if one rushes into disaggregation methods t~~t are 
purely" mathematical" in nature. On a more positive note 
however, there is a wealth of monetary and financial data 
which are available at appropriate quarterly and monthly 
intervals and provide useful input for policymakers. 

This state of affairs with respect to periodicity is quite unsat
isfactory given rapid economic changes and the need for 
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policy makers to have as much information available to them 
in a timely fashion. Most recently, decision makers in Trin
idad and Tobago have made several demands for 'first flash' 
quarterly real GDP estimates, about 20-25 days after the end 
of the relevant quarter. The Research Department of the Cen
tral Bank of Trinidad and Tobago has attempted to provide 
these estimates and at times has had to balance timeliness 
with accuracy. The Department intends, however, to carry 
out statistical checks to determine the consistency as well as 
the robustness of these first flash estimates, as the Central 
Bank is currently the only institution which provides regular 
quarterly economic reporting in Trinidad and Tobago. 

1.4 Data Transformations 

The first type of transformation to be considered concerns 
the transformation of nominal (current price) series into con
stant price (real) series. The question of real variables was 
partially addressed when the problems associated with the 
revision of base years in the real GDP data were highlighted. 
However, even when data on real GDP are available at regu
lar intervals the data are generally available by industrial ori
gin rather than by expenditure. Although the industrial ori
gin approach provides useful insights, the behaviour of (real) 
consumption or (real) investment is sometimes much more 
relevant. What happens in practice is that some of the regu
lar users (e.g. the multilateral agencies) who are interested in 
such series will create their own series by employing some
what arbitrary deflation techniques. These new series are 
often worse than outdated series and can often lead to the 
wrong policy prognosis. Some evidence of this occurrence in 
Trinidad and Tobago is provided by Crichton (1983). 

A second type of data transformation is that of seasonal ad
justment. The use of seasonally adjusted data is generally 
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accepted in industrialized economies, where the four defined 
seasons - spring, summer, autumn, winter - impact on cer
tain aspects of economic activity such as construction, agri
culture. In developing economies, there are also several sea
sonal patterns which may be related to climatic and other fac
tors. Nonetheless the existence of seasonal data is something 
of a 'rara avis' in the CARICOM region. In the past the Cen
tral Bank of Trinidad and Tobago has published seasonally 
adjusted economic statistics (for example the monetary ag
gregates), but these have been suspended for technical rea
sons. Currently the Bank publishes a seasonally adjusted 
quarterly real gross domestic product (QGDP) series and in
tends to re-introduce seasonal adjustment of other data se
ries within the near future.1o 

1.5 Short Data Sets 

Another area of weakness in the economic statistics is that of 
short data sets. One can define 'short' in different ways de
pending on whether one is concerned with annual, quarterly 
or monthly data. For very many of the annual data sets, the 
starting date is 1966 so that there are barely 30 observations. 
For several other techniques - Box Jenkins procedures, for 
example - there are sometimes less than enough quarterly 
observations, since the samples are small by any definition. 
This makes tests of inferences more difficult, although 
Nicholls (1988, 1990) and Watson and Nicholls (1992) have 
suggested that under very special circumstances the existence 
of small samples may not be that problematic. In the case of 
Trinidad and Tobago the shortness of some of the data sets 
reflects new areas of activity in the economy, while in other 
instances they are related to the cessation of an old, and the 
start of a new series . 
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1.6 Absence of Forward Looking Indicators 

The sixth deficiency relates to the absence of forward looking 
indicators. Data on the historical past become more and more 
inadequate to guide us into the future as we move into an era 
of trade and financialliberalisation. Although the above dis
cussion has focussed implicitly on data for purposes of 
macroeconomic modelbuilding, one may also wish to con
sider the leading indicator approach. The study of leading 
economic indicators was an important part of the initial work 
on business cycles which was conducted under the auspices 
of the National Bureau of Economic Research. This approach 
to forecasting is based on the view that "market oriented 
economies experience business cycles within which repeti
tive sequences occur and that these sequences underlie the 
generation of the business cycle itself".n The leading eco
nomic indicator approach allows one to find these repetitive 
sequences, explain them and then use them for forecasting 
purposes. For the developed economies leading indicators 
are now the norm, not only for business cycles but for fore
casting inflation, turning points in the stock market and in 
several other areas. Even with the 'rudimentary' data avail
able in the region, it is possible to derive a leading indicator 
series of inflation for example. The literature on the determi
nants of inflation in the Caribbean region is particularly rich 
- wages, imported inflation, money supply, etc. and such a 
series would not be too difficult to compile. 

Relatedly, as more and more countries liberalize their econo
mies, policymakers need to have at their disposal a system 
which provides I early warning signals'. These can be derived 
from the forward looking indicators or be independent of 
them. These early warning signals must be current - at a mini
mum they should be be based on quarterly indicators - and 
be flexible enough to give a short hand indication of trends in 
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the economy. Data collection agencies in the region ought to 
pay more attention to this issue if the policy advisory func
tion is to be meaningful. 

The discussion so far has focussed primarily on time series 
issues and less so on those associated with cross-section data. 
The intention was deliberate as all of the macroeconomic 
models built in the Caribbean to date have used time series 
and not cross-section/ panel data. But if one were to consider 
the availability of cross-section/panel data some of the prob
lems discussed above will be magnified even further. At 
present, it is probably only in the sphere of monetary data 
that one can obtain a consistent set of cross-section data for 
use in model building. 

2. SOME SUGGESTIONS FOR IMPROVEMENT 

In the previous section we described several data deficiencies in 
the economic statistics for Trinidad and Tobago. But while we 
criticized many of the data series published by the Central Sta
tistical Office, we are mindful of the fact that the agency is oper
ating under tremendous pressures. The Central Statistical Of
fice is subject to several resource constraints - human, physical 
and financial - and this has had a deleterious effect on its out
put. However, it is still possible that, despite these constraints, 
improvements can be made on the basis of information already 
collected. 

Table 1 is reproduced from Forde (1989). Since that time how
ever, there have been some marginal improvements. The 
Central Bank of Trinidad and Tobago now calculates an ef
fective exchange rate index, but this index is not presently 
released for publication. Data on rates of return are not readily 
available for the non-financial sector in Trinidad and Tobago. 
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However the basic information needed to calculate these rates 
of return already exists in the annual business surveys which 
the CSO undertakes. One may take a similar position for other 
data such as wealth and concentration ratios, that is, that the 
raw information exists in administrative records at the CSO's 
disposal. The immediate task is therefore to use these records 
in as optimal a fashion as possible. The table in the Postscript 
compares the availability and timeliness of some key 
macroeconomic variables for three CARICOM countries with 
that of the United Kingdom. The information contained 

TABLEt ".\ 
SOME GAPS IN TRINIDAD AND TOBAGO'S DATABASE 

Information 
Data Series Not Now Already 

Published Sourced 

Concentration ratios · 
Capacity utilization -
Industry studies · 
Investment intentions -

Rates of Return · 
Effective exchange rate · 
indices 

Bankruptcy -
(personal; corporate) 

Wealth · 
Poverty · 
Environmental data -
Leading, Lagging, Coincident · Indicators 

Source: Updated table from Forde (1989). 
Note: * means information is available 

Additional 
Surveys 
Needed 

-

· 
-

· 
-
-

· 
-

-

· 
· 

- means information is not available 

.. '. . .... 

Comments 

Business survey 

Survey needed 

Business survey 

Survey needed 

Business survey 

Trade statistics 

Survey needed 

Household budgetary 
surveys 

lniatia! work needed on 
appropriate series of 
indicators 
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therein is instructive and suggests possible goals one would 
like to achieve. 

The Central Bank has done its part in the area of enhancing 
the country's economic data base by the compilation and 
publication of series on quarterly real GDP and quarterly bal
ance of payments. The Bank, from time to time, carries out 
special surveys, the most recent of which has been the survey 
on business use of bank credit. Interestingly enough, the sur
vey used cross-section data for 1992 which were compared 
with a previous survey done about ten years earlier. Over 
the next few years it is the Central Bank's intention to con
tinue such surveys of the financial sector and where neces
sary to extend these to the real sector. 

Finally, the econometric session of the Annual Conference of 
the Caribbean Centre for Monetary Studies (CCMS) is an im
portant forum which can be used to improve statistical data 
used in model building. These meetings provide an arena in 
which research on new methodologies and new statistical 
techniques can be presented and analysed. Irrespective of 
the technical sophistication of the computers available and 
the elegance of the theoretical models, one can do nothing in 
the absence of data. Finally, if the CCMS intends to forecast 
Caribbean economies, some of the issues described above 
must be confronted immediately and solutions found . 
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. . area~.Other·commeritators 
eXplore problems which are . associated 

the sodal arena. 

4. The decision of the Council of Central BanK Gover
nors to monitor certain macroeconomic· indicators 
which relate to economic convergence raises several 
methodological issues. Are external debt statistics con
sistent across the legion? Are comparisons·ot prime 
interest rates relevant? Are real GDP series appropri
ate and comparable? 

5, See for example The National Income of Trinidad and 
Tobago 1966-1985, central Statistical Office, 1987 and 
The National Income of Trinidad and Tobago,1981-1991, 
Central Statistical Office, 1993. Annual estitnatesare 
available in the Review of the Economy, a publiCation 
which is issued alongside the budget dOCUInetlts. 
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6. See Forde~taHi987)1 

8. 

10. 

There is one other country ,ill· 
started to compile quarterly.. .. 
begin to publish these accotmtss 
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A companion piece in this volumebyMJ:cheIIe Francis 
and Christopher Clarke of the Centi'alBallk of Trin
idad and Tobago describes the Trihldadand Tobago 
experience with seasonal adjustment. 

K. Lahiri and G. Moore (1991), "Introduction", in K. 
Lahiri and G. Moore (eds.), Leading Economic Indi
cators Cambridge: Cambridge University Press. 
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POSTSCRIPT 

This postscript contains details of subsequent 
developments which took place after the initial version of 
the paper was presented in 1994. 

Against the background of the increasing globalisation of 
markets and services and the deregulation of national fi
nancial systems, the Mexican crisis erupted in December 
1994 and continued into early 1995. The resultant turbu
lence in foreign exchange markets in some Latin Ameri
can economies demonstrated the harsh reality of market 
forces. The response of the international financial com
munity to this crisis was focussed on the record US$17.8 
billion financial package provided by the International 
Monetary Fund (IMF). Less attention however was paid 
to the position adopted by the IMF that the crisis could 
have been averted if the surveillance function had been 
more effective. Since then the strengthening of the sur
veillance function has been a constant theme adopted by 
the IMF in several of its publications. On the basis of its 
Apri11995 report on surveillance to the Interim Commit
tee (of the IMF's Board of Governors on the International 
Monetary System), the IMF's Executive Board established 
a core set of data which all member countries of the IMF 
must provide between the regular Article IV consultation 
missions. 

The core data set consists of twelve data categories: (i) 
exchange rates; (ii) international reserves; (iii) the balance 
sheet of the Central Bank; (iv) reserve or base money; (v) 
interest rates; (vi) the consumer price index; (vii) export; 
(viii) import; (ix) overall fiscal balance; (x) external debt; 
(xi) debt service; and (xii) GDP. This core represents the 
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absolute minimum which is deemed necessary to maintain 
continuous surveillance. Early in 1996, the IMF staff is ex
pected to lay down guidelines in respect of the appropriate 
coverage and periodicity of the data as well as the timeliness 
of provision of information to the IMF. 

It is instructive to note that during 1995, in several of its pub
lications, the IMF has continued to stress the importance of 
the surveillance function and the provision of timely infor
mation in averting future crises. What is clear however, is 
that the IMF member countries within CARl COM must, in 
the not too distant future, ensure that these core data exist, 
are of a sufficiently high quality and are available on a timely 
basis. 

In the absence of the establishment of the norms in respect of 
coverage, timeliness and periodicity Tables A1 and A2 are 
instructive. Table A1 is adapted from a larger table in an IMF 
Staff Report. This table outlines in some detail the timeliness 
and coverage of the core set of indicators which were endorsed 
by the IMF's Executive Board. The circles in the table are for 
those series in which the lag in the published data is equal to 
or greater than the mean lag plus one standard deviation of 
the mean for that series. As the table indicates, it ~s only in 
two instances - inflation data for Guyana and international 
reserves for Jamaica - that CARl COM data were found to be 
extremely tardy. 

Table A2 contains some characteristics of three basic economic 
series for Barbados, Jamaica, Trinidad and Tobago and the 
United Kingdom. The evidence from the Table suggests that 
each of the three CARICOM countries must improve in one 
or more areas to attain the standard set by the United King
dom. By mid 1996, the IMF will issue guidelines in respect of 
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periodicity, coverage and quality and most CARICOM coun
tries will need a proper headstart to achieve some of these 
targets. 

Barbados Guyana Jamaica Trinidad &t 

Exchange Rates March 95 March 95 February 95 March 95 

International Reserves March 95 February 95 €~t~ December 94 

Reserve Money January 95 February 95 January 95 December 94 

Broad Money January 95 February 95 January 95 December 94 

Interest Rates January 95 February 95 February 95 December 94 

Cmsumer Prices December 94 December 94 October 94 

External Trade December December 94 November 94 May 94 

Current Account Balance 1993 1993 1993 

Overall Government 0494 September 93 1989 
Balance 

GDP or GNP 1992 1993 1993 1993 

Source: Statistical Policy of the IMF, SM 95/115 . 
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A. Gross Domestic Product 
at Constant Prices 

Barbados" 
Jamaica 
Trinidad & Tobago· 
United Kingdom 

B. Index of Retail Prices 

Barbados 
Jamaica 
Trinidad & Tobago 
United Kingdom 

C. Balance of Payments 

Barbados 
Jamaica 
Trinidad & Tobago 
United Kingdom 

1974 
1986 
1985 
1990 

Mar. 1980 
Jan. 1988 
Sept. 1993 

1985 

Annual 
Annual 
Annual 

Quarterly 

Monthly 
Monthly 
Monthly 
Monthly 

Annual 
Annual 

Quarterly 
Quarterly 

Not Seasonally Adjusted 
Not Seasonally Adjusted 
Not Seasonally Adjusted 
Seasonally Adjusted 

Not Seasonally Adjusted 
Not Seasonally Adjusted 
Not Seasonally Adjusted 
Seasonally Adjusted 

Not Seasonally Adjusted 
Not Seasonally Adjusted 
Not Seasonally Adjusted 
Not Seasonally Adjusted 

* The Central Banks of Barbados and Trinidad and Tobago provid 
quarterly estimates of real output. 

Caribbtaa. Caire for MODttary Stuclia 



PART -

MODELLING 

PRICE 

CONVERGENCE 

AND INFLATION 

IN THE 

CARIBBEAN 



~H¥~r_"u_._Le_o~_N_at_ha_ni_el_Sa_m_ue_~W_m_~_U_S_am_~_' _________________________ 125 

INFLATION CONVERGENCE IN SELECTED 
CARICOM COUNTRIES 

INTRODUCTION 

Hyginus Leon 
Nathaniel Samuel 
Wendell Samuel 

Any endeavour at monetary union among a group of coun
tries must take direct account of the issue of convergence, 
that is, the drawing together of the economic policies and 
performances of individual countries. An effective union re
quires a great deal of harmonisation and co-ordination of the 
economic policies of member countries. However, for such 
policy co-ordination to be sustainable, some level of conver
gence must be achieved. This paper investigates the extent 
to which convergence in inflation rates has been achieved in 
selected countries in the Caribbean Community (CARICOM). 
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The paper also explores whether the results are robust to the 
assumption of an invariant stochastic process. 

In July 1992, the CARl COM Heads of Government adopted 
the recommendations of Central Bank Governors on the 
mechanisms to be employed in the establishment of a mon
etary union within the English-speaking Caribbean. Essen
tially, the procedure entailed a two-tiered, staged approach. 
Countries were grouped according to their ability to main
tain a three month foreign reserves import cover for at least a 
year, a stable exchange rate for the preceding 3 years and a 
sustainable debt service ratio. The first stage entailed the con
duct of sound macroeconomic policies while the final stage 
involved the institution of a common currency by the year 
2000. 

Price stability, one of the most widely used indicators of nomi
nal convergence, reflects the underlying balance of payments 
and monetary conditions in an economy. Given a sufficient 
level of integration, the existence of a fixed exchange rate re
gime should lead to the convergence of price levels for mem
bers of the union. Convergence to a low inflation rate may 
therefore be a requirement for stable economic growth and 
investment. 

The study of convergence is concerned with the relative long
run behavior of economic variables (in one country or region 
relative to the same variables in other countries or regions). 
It examines whether there exists a stable, long run equilib
rium relationship among these variables. Two issues that have 
been addressed are the distinction between nominal conver
gence (exchange rates, inflation, interest rates) and real con
vergence (real exchange rates, unemployment, real wages), 
and whether convergence should be a pre-requisite to mon
etary union. The main issues are how much nominal (and 
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real) convergence is desirable to maximise the success of 
monetary union, and what policies should be implemented 
to bring about this convergence. Nominal and Real conver
gence may not be independent. Hall, Robertson and Wickens 
(1992) argue that while a single currency may lead to conver
gence of inflation rates, unless real labor costs also converge, 
unsustainable unemployment may emerge in high-cost coun
tries, with resultant political pressures to remove economic 
disparities. Our study, therefore, is limited in that it does not 
address joint multivariate convergence of relevant economic 
variables in the context of a systems approach. 

Hall et al (1992) utilize cointegration and time-varying pa
rameter analysis (Kalman Filter) to measure the degree of 
convergence of the main economies of the European Com
munity. They find evidence for the convergence of exchange 
rates but the divergence of interest rates as governments pur
sued increasingly active interest rate stability. Barro and Sal a
i-Martin (1992) use a neo-classical growth model to show in
come convergence across the 48 contiguous US states; their 
results indicated that poor states tended to grow faster than 
rich ones in per capita terms. MacDonald and Taylor (1990) 
found evidence of convergence of nominal and real exchange 
rates and money supplies of European Monetary System 
(EMS) countries, but not for the non-EMS countries. 

There is a dearth of studies, however, on convergence among 
less developed economies. Cardenas and Ponton (1995) ex
amine convergence in per capita income of the different re
gions in Colombia, while Honohan (1992) examines conver
gence of inflation and interest rates for the members of two 
currency unions in Africa namely, the Franc and Rand zones. 
Utilising a simple error correction framework, Honohan (1992) 
found that despite short run divergences, the long run trends 
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in inflation and interest rates converged to that in the core 
country of the union (i.e. France in the case of the franc zone 
and the Republic of South Africa in the context of the rand 
zone). 

A recent report Eastern Caribbean Central Bank (ECCB (1994)) 
on economic convergence in CARl COM countries, under
taken by a joint Central Bank research team, found some sup
port for convergence of inflation rates between the CARICOM 
countries which have maintained fixed exchange rates and 
the United States (US). These results from the CARICOM 
region indeed appeal to intuition. The CARICOM countries 
have practiced some form of economic integration for more 
than twenty five years, starting with the Caribbean Free Trade 
Area (CARIFT A) in 1968; some degree of convergence is there
fore expected. Furthermore, since all of the member coun
tries have had US dollar pegs and the bulk of their trading 
relations is with the United States, that country is a potential 
1/ core" economy towards which the countries will converge. 

In this paper, quarterly data is utilised to test whether the 
inflation rates in a group of five CARICOM countries have 
converged. The Johansen test procedure for multivariate 
cointegration is utilised to test the differences in the rates of 
inflation between the CARICOM countries and the US. The 
resulting vector error correction (VEC) framework also en
ables us to uncover any causal relationships (in the Granger 
sense) which may exist among the differences in the rates of 
inflation between CARICOM countries and the US. Further
more it allows us to inquire abou t the exogeneity of individual 
rates of inflation within that structure. In addition, we esti
mate the long run inflation relationships using the Kalman 
filter to investigate whether there has been a transition to con
vergence within similar country groupings. 
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The paper is divided into three sections. Section 1 discusses 
the statistical methodology while the empirical results are 
presented in Section 2. Finally, Section 3 presents conclud
ing remarks. 

1. STATISTICAL METHODOLOGY 

On an intuitive level, the concept of convergence relates to 
the notion that the difference between two (or more) series 
approaches some arbitrarily small constant over time imply
ing that there will be no tendency for the series to drift apart. 
Given that most economic series are random variables, one 
can define stochastic convergence as E{lim/--+oo(X - Y)} = a 
where the expected value of the difference between the series 
approaches some arbitrarily small constant over time. If the 
series are non-stationary a natural definition would require 
the difference of the two series to be of lower order of inte
gration than the series under consideration. We can further 
distinguish between strong convergence when every pair of 
variables in a system has converged, and weak convergence 
when a subset of the variables has converged, while the time 
series relationship of the remaining variables does not change. 
For a vector of variables X, strong convergence requires 
E{lim/--+oo(Xk - Xj )} = a for all countries k and j, whilst weak 
~onvergence requires that the equation holds for some k and 
J. 

Variables X and Y contain a common trend if 
E{limt~oo(Y,+k - P X'+k)} = a, thus, long term forecasts are pro
portional. A vector of variables contains a common trend if 
their long term forecasts are proportional, 
E{lim/--+ oo (}1.t+k - P' Y"t+k)} = a, where Y'" is the vector of re
maining variables (Bernard and Durlauf (1995». In the bi
variate case, Y and X have a common trend if they are 
cointegrated, the cointegrating vector being [1, -~]. 
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Cointegration therefore subsumes convergence as a special 
case when ~ is equal to minus one. Thus cointegration im
plies proportionality of the persistent parts of the series while 
convergence implies equality. 

As noted by Hall et al (1992), tests for cointegration indicate 
whether there is convergence over the estimation period, but 
do not tell whether there is a movement from non-conver
gence to convergence. If countries are converging from dif
ferent initial conditions, the assumption that the data is, be
ing generated by an invariant stochastic process may be erro
neous. Haldane and Hall (1991) argue that not only is the ad
justment path of the temporal correlations between the de
pendent and independent variables more informative, the 
time-varying models also overcome statistical problems re
lating to complicated error processes and omitted variables. 
Our analysis therefore considers both time invariant and time
varying methodologies. 

In particular, one seeks estimates of 

P;" = ai" + t pj"If" + E, i=1,2, ... ,p (1) 
j=l,j"'i 

where p is the number of countries in the group and Pi is the 
difference in the rate of inflation between country i and the 
United States (US). If all the IJ t = 0 then the difference in the 
rate between the ith country aiid the US is unaffected by the 
differences in the rates between the other countries and the 
US. If, in addition, ai,t = 0 then there is inflation convergence 
between country i and the US. If each /3; t = 1 then the infla
tion rates of the countries in the group helve converged. Con
vergence is said to have occurred if the time-varying values 
of the a and ~ parameters tend to their expected values of 
zero and unity, respectively. Inflation convergence is rejected 
for /J t :1:1, since the difference in the rate of inflation between 

], 
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country i and the US is affected by that of the other countries 
in the group. Even if p',/ = 0, aj,/ *' 0 implies the inflation rate 
of country i is drifting from that of the core country (US), al
beit without a particular explanation. 

2. EMPIRICAL RESULTS 

The data set consists of series on the consumer price index 
(CPI) for the US and selected CARICOM countries spanning 
the period 1970:1 -1992:43

• All the data were obtained from 
the International Monetary Fund's statistical database and all 
computations were doing using RATS and EVIEWS. 

Table 1 shows descriptive statistics for the difference in the 
rate of inflation between Barbados and the US (BDIFF); St. 
Lucia and the US (SDIFF); Trinidad and Tobago and the US 
(TDIFF); Dominica and the US (DDIFF) and Jamaica and the 
US (JDIFF). It is evident that the Jamaica data have different 
properties relative to those of the other countries, especially 
since 1988 (see Figure 1). The periods of greatest variability 
seem to coincide with the two major oil shocks in the mid-

TABLEl 
DESCRIPTIVE STATISTICS FOR 

INFLATION DIFFERENCES 
BDIFF SDIFF mIFF DDIFF JDIFF 

Mean 0.008 0.006 0.013 0.008 0.032 
Median 0.003 0.003 0.012 0.005 0.021 
Maximum 0.096 0.093 0.076 0.106 0.192 
Minimum -D.024 -D028 -D0I8 -D.043 -D.015 
Std. Dev. 0.020 0.020 0015 0.021 0.041 
Skewness 1.428 1.523 1.111 1.597 2.186 
Kurtosis 6.641 7.374 6.221 8.204 7.916 
Jarque-Bera 78.51 104.16 56.16 136.71 158.72 
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1970s and late 1970s - early 1980s. The increased variability 
in the difference in the rate of inflation between Jamaica and 
the US in the late 1980s and into the 19908 largely reflect ex
change rate movements over that period. 

If a set of series is cointegrated, one can test for Granger cau
sality and exogeneity within a vector error correction model. 
Engle and Granger (1987) showed that when two series are 
cointegrated there must be causation in at least one direction. 
For the bivariate model there exists a VEe of the form 

k-I k-I 

~ = ao + ~ a,./lP, . + ~ {3,.~ - p1rt - k + Et (2) 
I £.J t-j £.J 1-) 

j=1 j=1 

k-I k-I 

IlP" = "0 + L" jM"_J + L rjll~'_j -q,7rt-k +11t (3) 
j=1 j=1 

where 1tt = PI, - ~" is the equilibrium relationship between 

~ andP, , , 

The joint significance from zero of the aj terms in equation (2) 
and the joint insignificance from zero of the 'Yj coefficients in 
equation (3) would indicate unidirectional dynamic causal
ity from the difference in the rate of inflation between coun
try j and the US to that between country i and the US. Bi
directional causality would be indicated by the joint signifi
cance of the sets of a. and "(; coefficients in both equations. 
Further, a significant) coeffiJient on the lagged equilibrium 
residual term pt-k in either equation would also imply 
Granger causality even if the coefficients of the lagged infla
tion differences were all insignificant (see Toda and Phillips 
(1994) and Granger and (1995». 
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The VEC structure allows us to draw inferences on the 
exogeneity of the respective variables within our model. 
Engle, Hendry and Richard (1983) define a variable, X

t
' to be 

weakly exogenous for estimating a set of parameters A if in
ference on A conditional on XI' involves no loss of informa
tion. In other words, given a joint probability density func
tion of two continuous random variables X and Y, f(Y"X;J..), 
and the conditional distribution of Y~ given XI g(Y, I Xt;At), 
one may write f(Y,.xt~) = g(y, I Xt;At}h(Xt~)' with weak 
exogeneity implying that h(X; A2), the marginal distribution 
of XI' does not involve the parameters Al and the conditi,onal 
distribution depends only on Al (See Urbain (1992)). Under 
these conditions the parameters of h(X; A2) are merely nui
sance parameters. Further, XI is strongly exogenous if it is 
weakly exogenous and is not Granger caused by any of the 
endogenous variables in the system'. In the bivariate case, 
weak exogeneity of the jth inflation difference would require 
that the coefficient <II on the lagged residual in equation (3) is 
zero. 

Using the Johansen (1988) procedure, we estimated the rank 
of the cointegrating matrix for the differences in the rates of 
inflation between each of the five CARl COM countries and 
the US. If all p countries in a group have converged, there 
would be p-l cointegrating vectors. The Pantula (1989) prin
ciple suggested that there was a maximum of three 
cointegrating vectors. The hypothesis of strong convergence 
was therefore rejected. Conditional on that rank, one rejects 
the null hypothesis that the variables can be considered sta
tionary by themselves. In addition, the multivariate frame
work permits tests for long-run exclusion and weak 
exogeneity of the individual variables. The results indicate 
that Barbados, Dominica, St Lucia and Trinidad and Tobago 
can constitute a cointegrating group, since one could not re
ject the hypothesis that Jamaica could be excluded from the 
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FIGURE2a 
COINTEGRATlNG VECTOR 1 

FIGURE2b 
COINTEGRATlNG VECTOR 2 
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cointegrating space. Also, Jamaica could be considered 
weakly exogenous for the long run parameters at ranks two 
and three. The exclusion of Jamaica and hence its non-con
vergence is possibly due to the variability generated by ex
change rate movements over recent periods. 

Analysis of the differences in the rates of inflation between 
Barbados and the US, Dominica and the US, St. Lucia and the 
US and Trinidad and Tobago and the US, suggest a rank of 
two (see Figure 2a, 2b). It is useful to note that the top dia
gram in each figure refers to the actual disequilibrium while 
the diagram in the bottom refers to the disequilibrium ad
justed for short-run dynamics. At that rank, none of the four 
variables could be excluded from the cointegrating space or 
considered to be weakly exogenous or stationary by them
selves. A test of the hypotheses that the cointegrating vec
tors had coefficients of unity indicated that the common trends 
do map to convergence. 

The VEC results (see Table 2) show that the magnitude of the 
adjustment coefficients for the first cointegrating vector are 
significant with values of 0.44, 0.63, 0.50 and 0.43 for the Bar
bados, St Lucia, Trinidad and Tobago and Dominica equa
tions, respectively. The significant coefficients suggest the 
existence of at least long-run causal influences among the four 
countries. The second cointegrating vector has significant 
adjustment coefficients in the Barbados and St Luciaequa
tions with values of 0.42 and 0.41, respectively. The VEC 
model is deemed adequate in that it satisfies multivariate di
agnostic tests for serial independence and normality of the 
residuals.5 The univariate statistics show the individual equa
tions to be serially independent, to have insignificant ARCH 
statistics and, with the exception of St. Lucia which displays 
some excess kurtosis, to have normal residuals. 
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Eigenv. L-max HO:r L-max90 

0.33 35.77 0 17.15 
0.21 20.71 1 13.39 
0.11 10.30 2 10.60 

BDIFF TDIFF SDIFF DDIFF 

Coint Vector 1 1.000 -0.871 -0.987 0.000 
S::d. Err (0.23) (0.13) 

Coint Vector 2 0.000 -0.903 1.000 -0.914 
Std. Err. (0.31) (0.16) 

Adjustment coefficients and t-values in parentheses 
DBDIFF -0.44 (2.61) 0.42 (2.88) 
DTDIFF 0.50 (3.46) 0.19 (1.52) 

DSDIFF 
DDDIFF 

Multivariate Statistics: 
Test for Autocorrelation: 

0.63 (3.24) 
0.43 (2.32) 

L-B(21), CHISQ(280) = 271.38, p-val = 0.63 
LM(l), CHISQ(16) = 15.85, p-val = 0.46 

Test for Normality: 
CHISQ(8) = 15.21, p-val = 0.06 

Univariate Statistics: 

Variable Std. Dev. Skewness Kurtosis 
DBDIFF 1.52 -0.03 2.74 
DTDIFF 1.30 0.37 3.85 
DSDIFF 1.74 0.69 4.62 
DDDIFF 1.65 0.35 3.30 

-0.41 (2.42) 
0.30 (1.91) 

Normality ARCH (4) 
0.02 4.97 
4.79 3.11 
8.89 2.81 
2.30 1.43 
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Figure 3 graphs the impulse responses of the inflation differ
ences to innovations of one standard deviation. The graph 
suggests that inflation differences6 for Barbados and St. Lucia 
respond to each other and the Dominican difference responds 
to shocks from both Barbados and St. Lucia. The effects of 
shocks die out within two years in each case. In terms of the 
variance decompositions, after twelve periods, 25.7, 1.1, and 
1.4 percent of the forecast error variance of Barbados is ac
counted for by inflation differences of St. Lucia, Trinidad and 
Tobago and Dominica, respectively. For St. Lucia, Trinidad 
and Tobago and Dominica, respectively, 49.4, 34.4 and 47.0 
percent of the inflation difference variance is not explained 
by own innovations. 

To investigate the possibility of time invariance, a time vary
ing coefficient model was estimated for the group of coun-

...... FlGQRE.3 .•..• , < 
IMPULSE RESPONSES FOR-UNRESTRICTED 

COINTEGRATING SYSTEMS 

1 .... = -.:= I 1 .... = -::= I 
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tries in the cointegrating space and for the two groups sug
gested by the cointegrating vectors. Figures 4a, 4b, 4c and 4d 
show that the slope coefficients (beta2, beta3 and beta4) were 
not constant. For the group making up the cointegrating 
space, St. Lucia's coefficient (beta3) became significant from 
1974 while that of Dominica (beta4) approached significance 
in the late 1980s. Trinidad and Tobago's coefficient (beta2) 
while significant throughout, clearly has played a less than 
dominating role from 1980. Similar results emerge for the 
first co integrating vector in which the Dominican coefficient 
is restricted to zero. The second cointegrating vector is 
normalised on St. Lucia and imposes a zero restriction on 
Barbados. Again, the Trinidad coefficient (beta2) is signifi
cant throughout but has a diminishing influence from 1980. 
Dominica (beta3) grows in importance, becoming significant 
from 1984. A rather revealing graph is obtained when we 
estimate the Jamaican inflation difference on Trinidad (beta2), 
St. Lucia (beta3) and Barbados (beta4). Starting from conver
gence with Trinidad and Tobago in the 1970s (the coefficients 
for the constant term (beta1), St. Lucia (beta3) and Dominica 
(beta4) being zero while that for Trinidad and Tobago (beta2) 
equals unity), the inflation difference began to drift upward 
from 1978. By1985, the Trinidad and Tobago coefficient was 
significantly different from unity. That trend has continued 
since, with the constant series (beta1) clearly exhibiting non
stationary behaviour. From 1978, the slowly growing influ
ences from Barbados and St. Lucia petered out. Jamaican in
flation has clearly followed a different transitional pattern to 
that of the other countries in the sample. Our results support 
the Haldane and Hall (1989) argument that the constant coef
ficient model may not be an adequate method of modelling 
convergence, or at least is not as informative about changing 
correlations. Further, there is ample demonstration in the 
1980s of the reversal of the dominating role which the Trin
idad and Tobago economy played in the 1970s. 
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3. CONCLUSION 

This paper utilised quarterly data spanning the period 1970:1 
-1992:4 to test whether inflation rates have converged in five 
CARl COM countries. Specifically, the study utilised the 
Johansen procedure to test for co integration among the dif
ferences of inflation rates between the CARICOM countries 
and the United States. The resulting vector error correction 
model was used to inquire about the causal influence and the 
exogeneity of inflation differences of the CARICOM coun
tries. 

The data suggest that there are two common trends among 
the inflation differences of Barbados, Dominica, St. Lucia and 
Trinidad and Tobago. The hypothesis of convergence among 
the four CARICOM countries could not be rejected. The Ja
maican inflation difference was insignificant in a test for ex
clusion from the cointegration space. The results support the 
convergence to a 'core' country hypothesis and demonstrate 
that economic convergence may not occur in the presence of 
volatile exchange rates. Further, convergence to a low infla
tion rate, as a goal of a monetary union, may be achieved 
under a floating exchange rate regime once exchange rates 
are relatively stable. 

Our second hypothesis was whether the above results were 
robust to the assumption that the data were generated by an 
invariant stochastic process. A time-varying parameter model 
was estimated for Jamaica, the grouping that indicated a 
cointegrating space, and for the subgroups implied by the 
cointegrated vectors. The estimates show that whereas Bar
bados and Trinidad and Tobago, and St Lucia and Trinidad 
and Tobago had converged in the 1970s, during the decade 
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cantly correlated with that of Barbados. Similarly, St Lucia 
and Trinidad and Tobago had converged in the 1970s but 
during the 1980s the Dominican inflation difference was sig
nificantly correlated with that of St Lucia. Our results mirror 
the influences of the oil boom years of the 1970s in Trinidad 
and Tobago and the subsequent decline in trade 
betweenTrinidad and Tobago and its CARICOM partners 
during the 1980s7

• A model for the Jamaican inflation differ
ence shows a non-stationary series of constant coefficients and 
deviation from convergence with Trinidad and Tobago from 
about 1985. 

In conclusion, our results suggest that sustainable policy co
ordination is unlikely to be successful among all the 
CARICOM countries. Further, any attempts at harmonisation 
will need to incorporate the effects of the significant struc
tural change that has occurred since 1980. Further research 
on the time-varying nature of fundamental economic rela
tionships is clearly an imperative. 
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1. 

2, 
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3. This represents the maximun;t.t>pancoirunontothelile.t of 
countries. 

4. A third com:ept that of supenilXogenityds~de#:ned.Xt is 
said to be super--exogenous if it isweak1y eXogenous and the 
. parameters of the conditional distribution are invariant to a 
change in the marginal distribution of Xt' This concept is 
related to the Lucas critique which argues that the parameters 
of a model may be modified by the impact of expectations 
concerning changes in the policy (exogenous) variables (Lucas 
(1976»). See also Leamer (1985) whose defInition of super
exogeneity does not require weak exogeneity. 

5. In Table 2, L-B is a multivariate Ljung-Box test, LM is a 
Lagrange Multiplier Testfor first order serial correlations and 
the testfornonnality is a multivariate version of the univariate 
Shenton-Bowman test (available in CATS in Rats). 

6. The term inflation difference is used here to refer to the 
difference in the rate of inflation between a given country 
and the United States. 

7. See Chapter 5 of Nicholls (1995) for a fuller discussion of 
the trade patterns in CARICOM. 
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THEORETICAL NOTES ON ENDING BIG 
INFLATIONS ABRUPTLY, WITHOUT LOSS 

OFOUTPUP 

Steve De Castro 

ABSTRACI' .. ' . ,"":. .::, 

Historical hyperinflations were terminated abruptIy,siJ:memne$ 
by new governments with no anti-inflation reputation.· The 
theoretical mechanisms which achieved the outcomeare'notwe11 
understood. Recently I Latin American governments have used 
the intuition to launch many instantaneous. stabiVsation. 
attemfts C'pacotes", "pIanos") with variable success. A simple 
mode is presented which achieves the result by way of a one
shot, Cournot-Nash equilibrium ina macroeconomic game of 
conflict among private agents. The supply curve for money 
plays the same role here as the demand curve of consumers in 
the Original Cournot model. There is no need for social pacts -
a co-operative game solution concept. Generalised judicial price 
freezes are an example of the latter. These fail because each 
agent has an incentive to defect, a problem which is avoided by 
Cournot-Nash. Suggestions for new work are given. 

Keywords: Inflation; Coumot-N ash Equilibrium, Fraga
Werlang Game 

INTRODUCTION 

Among both sets of survivors of the recent macroeconomic 
debates - new classicals and new Keynesians - there are many 
who accept that it is possible for a government to rapidly re
duce high rates of inflation without loss of output. The sur
prise deflation generates no 1/ reverse-direction" Phillips curve. 
However, the exact manner by which this could be achieved 
has not been well specified in the literature. Indeed, several 
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competing approaches have surfaced. These include cred
ibility, strategic behaviour by governments and their central 
banks to build reputation, strategic behaviour by private citi
zens as players - with government performing the role of a 
passive agent reacting mechanically in a macroeconomic 
game. At the practical level, some interesting suggestions 
have been made which include (i) an independent central 
bank; (ii) a fixed rule for the money supply; (iii) a zero fiscal 
deficit, and (iv) tying the currency to another at fixed parity 
and allowing the balance of payments to determine the money 
supply (i.e. a version of the colonial currency board). 

One fruitful line of work using game theory, started by Fraga 
and Werlang (F-W) (1983) and Simonsen (1988,1989), was 
extended by De Castro (1991). De Castro's point of depar
ture is that inflation can be removed from the non-co-opera
tive equilibrium of the macroeconomic game first formulated 
by Fraga and Werlang, without having to resort to a social 
pact - a co-operative solution concept. De Castro demon
strated how government's behaviour, even when it is not a 
strategic agent (not a "player"), could change the Cournot
Nash non-co-operative outcome. Inflation disappears with 
no loss of output in the first period after the government an
nounces its supply curve for money. This finding is, how
ever, subject to the government providing the correct value 
for the money supply. 

Although this result may appear to be unduly optimistic, it 
fits one of the basic facts about how hyper-inflations termi
nate. Dornbusch (1991), for instance, has used this fact, re
cently, to criticise the theoretical work on multi-stage games 
which use reputation, on the grounds that historically, even 
new governments with no time to build reputation, were able 
to bring hyperinflations to a halt. He cited, in particular, the 
Poincare episode in France in 1926. However, he proceeded 
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to build a model with a completely passive set of private 
agents - passive with respect to whatever policy is chosen by 
the government. It is instructive to note here that the Lucas 
critique is ignored in this analysis. 

Our point of departure will be the model by Fraga and 
Werlang (1983) which links a one-shot, Cournot-Nash infla
tionary equilibrium to the neo-structuralist theory. This 
theory treats inflation as the result of a conflict among pri
vate agents over the distribution of income (see Canavese 
(1982». The co-operative, non-inflationary solution can only 
be reached by means of a social pact since each party has an 
incentive to defect. Unlike the game in Barro and Gordon 
(1983a,b), the government is not a player and acts only to pas
sively supply, any quantity of money the public may require. 

Section 2 demonstrates in the original Fraga-Werlang game 
that each agent's reaction curve in the strategy space of the 
money demands is independent of the strategies chosen by 
others. The non-eo-operative response, in the form of money 
demand, is a constant, and, in the example given, doubles 
the value of the co-operative solution which has no inflation 
and no loss of output. 

Suppose that a slightly more active government is introduced. 
This government is assumed not to be a player. In short, while 
it does not act strategically, it can vary the money supply with 
the price level using a fixed rule. Its new role is analagous to 
the consumers in the Cournot duopoly. In this situation, the 
two firms can decide quantities strategically while the con
sumers react mechanically, in a manner represented by the 
demand curve, to determine the price. They are not players 
but they are not entirely passive. The government's fixed rule, 
a supply curve for money, plays the same role here as the 
demand curve in Cournot. 

--------------- Caribbean Centre for Monetary Studia 
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The result is a one-shot game in which the reaction curves 
become dependent on the money demands of other agents, 
through a parameter, b, which appears in the fixed rule. By 
varying this parameter, it can be shown how the government 
can choose its value such that the non-co-operative, Cournot
Nash, inflationary equilibrium can be made coincident with 
the co-operative solution. This co-operative solution results 
in maximum output and is non-inflationary. It should be 
stated that our analysis makes no attempt to consider whether 
the fixed rule can be dynamically inconsistent as suggested 
by Kydland and Prescott (KP) (1977). Unlike the KP study, 
our government, in keeping with Fraga and Werlang, does 
not act strategically. Our rule is therefore credible to the ex
tent that it allows maximum output when the government is 
doing the right thing. 

Simonsen (1989) modified the Fraga-Werlang game in order 
to remove the rather unorthodox type of Phillips curve effect 
which ensured the attainment of bounded solutions. How
ever, the non-co-operative equilibrium remained inflationary 
because of the assumption of a passive monetary policy stance. 

Franco (1989) has modelled a context where, despite the im
plicit existence of a social pact in the form of a government 
actively attempting to remove inflation by generalised price 
freezes, the result is "inertial" inflation caused by free riders 
who gain by getting around the controls. However, this is 
precisely the situation which the Cournot-Nash theory was 
invented to avoid. That is, the theory finds an equilibrium 
where no agent acting alone, can do better for himself. 

In this model, Simonsen (1988) explained that inertial infla
tion results because each private agent is reluctant to play the 
non-inflationary Cournot-Nash strategy because the agent is 
not certain whether the others will play theirs. He claimed 
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that this led agents to adopt" conservative", max-min strat~
gies. This claim relies on more profound game-theoretic criti
cisms of Cournot-Nash equilibria which we hope to address 
in another paper. It is also related to the role of expectations 
(beliefs) in strategic behaviour (See Guesnerie (1992,1993)). 

In this paper Cournot-Nash equilibrium is adopted but the 
problem is treated as one of mechanism design. The govern
ment is still not a player, just as in Simonsen and Fraga and 
Werlang. Yet, a case can be shown in which inflation can be 
removed without the need for co-operative behaviour by the 
strategic agents. Since our analysis studies neither the dy
namics nor other alternatives to the rule, we cannot claim that 
an independent central bank, which can implement the fixed 
rule, ~provides the correct institutional setting. However, if 
there were such a bank, our argument would lead obviously, 
to one with no discretionary powers, at least in the static case. 
The final section, section 3, contains suggestions for new work. 

1. THE ORIGINAL FRAGA-WERLANG 
(F-W) GAME 

The Fraga-Werlang game consists of two (2) private agents 
who demand money (MD

j 
) in such a way that each would 

maximize his share (c) of real output, y, which in turn is af
fected by the level of inflation, (P/po). When there is no infla
tion, the level of output is a maximum. The government is 
entirely passive, supplying any amount of money which 
agents may require. Although agents demand money based 
on their expectations of the price level (pe

j 
), their expecta

tions are assumed always to be correct. The equations of the 
model can be written as folIows:-

---------------- Caribbean Centre tor Monetary Studies 



154 Theoreticld Notes on Endins Bil In(latioll5 Abruptly, Without Loss of Output 

(i = 1,2) 

CI + C2 = Y ; equilibrium in the goods market 

pei = P ; perfect foresight by all agents 

Y = f( P / ). {f' < 0 if P > Po 
/ Po ' f' > 0 if P < Po 

(1) 

(2) 

(3) 

(4) 

Equation (4) links real output with the level of inflation in a 
way that is very different to that of an old fashioned Phillips 
curve. When the price level is stable, that is (Plpo = I), real 
output is at a maximium. Any deviation from stability is pe
nalized by a loss of output. The economic interpretation is 
that inflation causes inefficiencies by inducing wrong pro
duction decisions. In the original Phillips curve, the rate of 
inflation explodes if output approaches capacity level, ye. In 
this case, it tends to zero since (Plpo = 1). Figure 1 illustrates 
the two different assumptions. 

FIGUREl 

p/Po---+ 
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Although equation (4) appears to be a parable of the good 
central banker (i.e. price stability is always good for every
one), Fraga and Werlang had a technical reason for replacing 
the Phillips curve. In their macroeconomic game, each (pri
vate) strategic agent's optimisation was unbounded since 
more money in the hands of each agent resulted in greater 
inflation and consequently, an increase in output. 

The co-operative solution to the F-W game was obtained by 
the maximization of total joint (real) product: 

Mcu Z=C1 +C2 = M~ +M~ 

Subject to M) + M2 = p.y == P.f(~o) 

Here, the maximization of joint product requires zero infla
tion if output (y) is to be a maximum (J(.) =0). This yields 
(P/Po = 1). In the example given by Fraga and Werlang, f(.} 
had the log form:-

(1 + In(%J) 
y = -'-----""-

p/Po 

which has the maximum value of y, ":/, when (P/Po = 1). The 
co-operative solution has total money demand, M) + M 2 = Po 
and thus maximum output, y = yc = 1. 

In the non-eo-operative, Cournot-Nash solution, each agent, 
for example agent 1, demands money (Ml ) in such a way as 
to maximize his share, c!, of real output, treating the other 
agent's money demand (M) parametrically: 
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For agent 1, for given M2 

Max~=l1.=M~ 

Subject to Ml + M2 = p.y = P.f(~o) 
In the log form example for f(·) , the F-W result is Ml = Po 
which by symmetry, is also the result for agent 2, so that the 
total money demand is 2po ' twice that of the co-operative 
solution, generating a level of inflation, (pI Po) = e > 1 , and 
output, y = (2Ie) < yC = 1. The two solutions are compared in 
the strategy space of money demands, (M1,M2 ), in Figure 2. 

p 12 
o 

t--~--+--------," - - F-W C-Nash Soln 

o 

_ Pact = Our C-t:ffh Solution 
with b = 2/(Po) 

M} --+ 
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2. A MORE ACTIVE GOVERNMENT 

Suppose a slightly more active government is introduced into 
the game. To do so, one needs to specify a rule which the 
government can use to decide on the quantity of money that 
it will supply to the economy, given the level of money de
mand of private agents. As a preliminary example, consider: 

(5) 

Two properties of this rule should be noted. The first is that 
the government always offers an increase in the money sup
ply when the price level increases in the economy. This means 
that although there is an upper limit to the money supply, 
Mu, it is only reached asymptotically: 

The second is that the money supply is equal to Po' The price 
level is also Po and yields maximum output because there is 
no inflation. This is the co-operative solution in the F-W game. 

These properties are illustrated in Figure 3. A more general 
set of money supply curves which yield the same outcome 
may be obtained from Cournot-Nash theory. Our curve is 
unlikely to be unique. 

The non-co-operative, Coumot-Nash solution can now be ob
tained by solving for each agent's curve in this new situation: 

For agent I, for given M
2

: 

MaxZ=%=MY; 

Subject to p=[l/po -b(MJ +M2 - Po)t;b>O 
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p =e 1-------1--1-----. ~F.W C·Nash Solution 

Po =] M =3Po12 2po 

The resulting reaction curve for agent 1 is: 

M2 = Po + {lfbpo)-2M1 

Using symmetry, one can easily obtain the other curve and 
solve for the Cournot-Nash equilibrium 

Ml =!(Po +{lfbPo))=M2 3 

and the resulting price level: 

P = 3 (bpo + 1/ Po t 
which is seen to vary with the choice of parameter, b. 

The question which needs to be answered is what value of b 
makes the total money supply induced by the non-co-opera-
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tive solution, equal to the co-operative level, Po' That is: 
2 

Po =-(Po + lfbpo) 
3 

which yields: 

b = (2/(pO)2) alld M\ = M2 = Po/2 

This result is illustrated in Figures 2 and 3 which show the 
Cournot-Nash solution coincident with that given by the so
cial pact in the F-W game, when b has the correct value. 

In the more general case of n agents, the effect of n on the 
resulting inflation rate is the same as in the F-W game. For 
given b, the inflation rate increases with the number of agents. 
However, for given n, one can find a value for b such that the 
inflation rate is zero. This is obtained from the simple rela
tion: 

By introducing the supply curve for money into the F-W game, 
it would appear as if we have replaced a conflict over real 
goods by a conflict over money. This is not the case. Indeed, 
both games have the following common features: (i) agents 
need money to buy goods; (ii) there is no other reason for 
holding money; (iii) too much money causes inflation and 
loss of output; and (iv) government is the only source of 
money. The only change that has been introduced relates to 
the manner in which government guarantees supplies of 
money to the economy. The issue then, is one of credibility 
of that commitment. 
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3. SUGGESTIONS FOR FURTHER WORK 

The main argument of the paper is that there is at least one 
middle road between those economists who do not accept 
the notion that the government's behaviour should be mod
elled as a strategic player in a game against its citizens, and 
those who leave it completely passive. There are many rea
sons, both philosophical and behavioural, why the first is an 
unacceptable procedure. One can see this clearly in the more 
recent literature of the Barro-Gordon research programme 
where, in a context of incomplete information, the optimal 
behaviour required of the government is for it to choose 
whether or not it should inflate the economy by a completely 
random process. Some models (e.g. Vickers (1986), Driffill 
(1989)) have been able to remove this requirement. Never
theless, this fundamental issue is a fruitful line for future re
search. 

Another line of work using games has been to try to link the 
behaviour of the government to its political base. However, 
this literature was not mentioned in Simonsen's survey. 
Alesina's model (1987) is probably the best known. However, 
the search for what we may call ideal social mechanisms 
would still be valid, if only as measures of the relative ineffi
ciency of representative democracy as a political system. 

Using these insights, one can outline a progressive research 
agenda. The fundamental idea is to maintain the basic result, 
but in a richer and thus more realistic macroeconomic envi
ronment. The major extension in this direction must be to 
seek ways of incorporating fiscal behaviour, since the basic 
model treats with only monetary policy. Two clarifications 
are necessary. The first is that our analysis speaks of 
behaviour and not policy even though the two concepts may 
be difficult to separate in economics - a discipline which con-
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tains no theory of government. With no such theory, policy 
would seem the correct term. The phrase is used neverthe
less to indicate that the research should make no a priori com
mitment to the effectiveness of fiscal policy. The latter should 
be a result not a premise. The second is that one tractable 
way to deal with fiscal behaviour may be to develop decom
posability theorems which can show the conditions under 
which it can be dealt with separately from monetary 
behaviour. 

One approach to examine the fiscal dimension could involve 
an examination of how the basic model links nominal 
behaviour in the economy to real output. The criticism that 
was made of the unorthodox Phillips curve is, of course, not 
an argument for a return to the orthodox one, as this relation 
is precisely the one being questioned in this field. For ex
ample, one can continue to accept the Fraga-Werlang parable 
(equation 4) and still introduce a government incentive to is
sue money beyond the pure need for transactions, by allow
ing government spending to cause an upward productivity 
shift in the F-W function, through perhaps expenditure on 
infrastructure maintenance. The government would then 
have a separate motive to inflate the economy, but there would 
be an interesting trade-off from the loss of output that this 
inflation would cause. 

Contrary to our basic model, most of the mainstream work 
using games have modelled the government as a strategic 
player in a situation, effectively, of confrontation with its citi
zens (see, for example, Andersen (1989). In short, therefore, 
no account has been taken of the fact that, in a real sense, the 
government represents the interests of a coalition of at least 
some of its electors who are the other strategic players. It 
may be possible to mount a general model for which both types 
of games - that is, government as player, and government as 
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rule maker or arbiter - can be seen to be special cases. This may 
very well be a difficult enterprise but it should be considered. 

Finally, the research should try to remove from the basic 
model, the rather trivial incorporation of the rational-expec
tations hypothesis (See Guesnerie (1992,1993». This may be 
a rather tall order as the literature in this area has exploded in 
recent years. It may appear to be irrelevant to our particular 
problem, in the sense that expectations are formed by agents 
using information accumulated from past behaviour of both 
government and themselves. Since our basic premise is the 
possibility that a government, perhaps with some new set of 
institutions, can induce a zero inflation outcome almost im
mediately, this accumulation process would seem to be taken 
as exogenous. 

However, one can think of the ending of big inflations as a 
kind of optimal stopping rule problem in which by some 
change of regime, most agents, despite their accumulated 
stocks of information about the past, can be induced simulta
neously to find it optimal (each in his own private interest) 
to cease to increase his nominal prices. Some form of expec
tation formation at that point may need to be specified, per
haps something like what Dornbusch calls credibility. 

By thinking of the issue in this dynamic way, the government's 
new reqUired behaviour may be conceived as a mechanism 
which can influence the intertemporal constraints in the dy
namic optimisation problem of each private agent, such that 
the optimal time to stop nominal price increases for each agent, 
is the same for all agents. One extreme case can be the solu
tion in which agents reach 'their optimal times to stop, even 
before government intervenes. These dynamics are also a way 
of thinking about how hyper-inflations are caused rather than 
ended since hyper-inflations occur when each agent's deci
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sion to quit the currency coincides with the decisions of all 
other agents or at least a significant number of them. 

It is hoped that this research will enable us to establish re
sults which can lead to a specification of the social mecha
nism required for this highly desirable macroeconomic out
come - the almost instantaneous reduction of massive infla
tion without significant falls in aggregate output. It appears 
to be pie in the sky, but this is what every stabilisation scheme 
in Brazil, Latin America and the Caribbean in recent years 
has promised and sought. This research may help'to deliver. 
And even if the correct one is found by intuitive means, the 
research may still indicate how big inflations can be avoided 
in the future. 
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These studies failed to find any stronftflVl /en~~ 
null hypothesis of difference stationariJ;y_i 1'Jiis i . ............ . 

addressed in light of recent developmentsintll.e ... .. i .. ...... 4~ ..... . 
literature. Two tests are adopted in the paper.~efirs~!taI<.etI 
stationarity as the null and examines whether the variance 
of the random walk component is zero. The set.'Ond" examines 
the fractional integration parameter of a long memory 
process. The tests were applied to monthly inflation data 
covering the period January 1970 to December 1993 for 
Barbados, Jamaica and Trinidad and Tobago. The results 
are unambiguous and suggest stationarity of the data. The 
study also suggests that the nature of inflation in Trinidad 
and Tobago is different from that in Barbados and Jamaica. 

Keywords: inflation; unit roots; stationarity; ARFIMA 
GARCH processes 

------------------ CarIbbean Caur,for Moo,tory Studies 



168 Th~ Stochastic Nature 0( Inflldion: Threl! Caribbean E."CRmples 

INTRODUCTION 

The oil shocks of the 1970s and the structural adjustment poli
cies of the late 1970s and the 1980s have created substantial 
interest in modelling the inflation process in the Caribbean. 
The majority of studies that have addressed this issue in the 
Caribbean have utilised a wide array of explanatory variables 
and have made a number of assumptions concerning the 
behaviour of labour and foreign exchange markets. Examples 
are to be found in the papers by Holder and Worrell (1985), 
Downes (1985), Downes, Holder and Leon (1990, 1991), 
Samuel and Leon (1994) and Thomas (1994). In spite of the 
differing approaches, a common methodological theme that 
recurs in recent papers involves the use of unit root tests and 
cointegration analysis. The unit root tests adopted have been 
mainly those of the Dickey-Fuller (Fuller (1976), Dickey and 
Fuller (1979) and Said and Dickey (1984)) and Bhargava (1986) 
genre.2 

The standard conclusion drawn from the many empirical 
studies is that the inflation series contain a unit root (i.e., in
flation is an 1(1) process). However, theoretical and simula
tion evidence presented in Dejong et al. (1992), Diebold and 
Rudesbusch (1991a) and Kwiatkowsi, Phillips, Schmidt and 
Shin (KPSS) (1992) suggest that, in trying to decide by classi
cal methods whether economic data are stationary or contain 
a unit root, it would be useful to perform tests of the null 
hypothesis of stationarity as well as tests of the null hypoth
esis of a unit root. It is important to note that where Dickey
Fuller type tests are used, the null hyphothesis is formulated 
in terms of a unit root. Indeed, the very manner in which 
classical hypothesis testing is implemented ensures that the 
null hypothesis is accepted unless there is strong evidence 
against it. 
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This paper considers whether the failure to reject a unit root 
in the inflation series in selected Caribbean countries, namely, 
Barbados, Jamaica, Trinidad and Tobago, is due to the fact 
that the inflation series are not very informative about whether 
or not a unit root exists. The analysis compares several differ
ent tests of unit root and stationarity and explores the possi
bility that inflation can be modelled as a long memory pro
cess. 

Although several different models of long memory processes 
can be used to characterise inflationary processes, the one that 
is adopted in this paper fits the purpose best, mainly because 
it does not require the specification of a complex model and 
illustrates the point that the inflation series are covariance 
stationary. 

A stationary process x I is said to have long memory if the 
covariance between XI and x

l
+· declines slowly as j increases. 

The autocorrelations between ~bservations far away from one 
another in time, while small, are not negligible. More specifi
cally, the autocorrelation function p(j) of a long memory can 
be approximated as follows:-

for some non-zero constant M and a positive d. In other words, 
the autocorrelation function decreases at a slow hyperbolic 
rate and the sum of the autocorrelations is infinite. The 
autoregressive moving average (ARMA) models are by con
trast short memory processes. For these, the autocorrelations 
decay exponentially and the sum of the autocorrelations is 
finite. 
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Considerable motivation exists for the assumption of a long 
memory process. First, economic data have been fit to a vari
ety of long memory processes (e.g., Diebold and Rudebusch 
(1989, 1991b) and Sowell (1992a, 1992b)). Second, Baillie, 
Chung and Tieslau (1995) on analysing monthly post World 
War II inflation rates, using the Consumer Price Index (CPI) 
for ten different countries, found strong evidence of long 
memory but also mean reverting behaviour, for all countries 
except Japan which appeared stationary. 

The plan of the paper is as follows. Section 1 describes the 
KPSS test as an alternative to the Dickey-Fuller while in Sec
tion 2, Phillips-Perron type tests ((Phillips (1987) and Phillips 
and Perron (1988» for a unit root and the KPSS tests of 
stationarity are applied to CPI inflation series from three Car
ibbean countries. Section 3 describes processes which are frac
tionally integrated and presents maximum likelihood esti
mates of fractional integration parameters for the inflation 
series of the three Caribbean countries. Section 4 contains 
concluding remarks. An apendix on autoregressive fraction
ally integrated processes is also provided. 

1. THE KWIATKOWSKI, PHILLIPS, 
SCHMIDT AND SHIN TEST 

As noted earlier, most of the standard tests for the existence 
of unit roots involve the null hypothesis of a unit root. If one 
wishes to test stationarity as the null and one has strong pri
ors in its favour, then it is not clear that the usual Dickey
Fuller parametrisation is the most appropriate method. The 
KPSS test was developed as an alternative approach to test
ing for unit roots and it takes stationarity as the null. 
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Let xr be a sample of T observations for which one wishes to 
test the null hypothesis of stationarity. KPSS assume that the 
series can be decomposed into the sum of a deterministic 
trend, a random walk and a stationary I(O) disturbance. In 
short, the series can be decomposed as follows:-

(1) 

where the random walk r, can be written as 

(2) 

and (u) is an independently and identically distributed se
quence with mean zero and variance a}. The initial value ro 
is asumed to be fixed. Kwiatkowski et al (1992) show that a 
score test of the null of stationarity can be based on the statis
tic 

(3) 

t 

where St = I e, , is the partial sum of the residuals, e
j

, when 
1=1 

the series has been regressed on an intercept and possibly 
also a time trend; T is the sample size; s(l) is a consistent non
parametric estimate of the "long run variance", 

(Je = lim rl E(si) 
1~""' 

(4) 

and is of the form 
r I T 

s2(l)=rlL,1'~ +2r1L,w(s.f) Lerl't-s 

r=1 5=1 t=s+l 
(5) 
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wherew(s,l) is an optimal lag window that corresponds to 
the choice of a spectral window. In their study, Kwiatkowski 
et al use the Bartlett window3 adjustment based on the first 
sample I autocovariances. More specifically, w(s,l} = 1 = sl 
(1+ 1) , guarantees the non-negativity of s2(/). The lag param
eter I is set to specific integers to correct for residual serial 
correlation. A choice of 1=0 would be appropriate if the re
sidual series were independently and identically distributed. 

When the residuals are computed from an equation with only 
an intercept, the test statistic is denoted by T,p and when a 
time trend is included in the initial regression as in equation 
1, the test statistic is denoted by 17 .... Kwiatkowski et al. show 
that both 17)1. and 17 ... are asymptotically functions of a Brown
ian bridge (see Ross (1983)) and in their work have produced 
a table of upper tail critical values for 17)1. and 17 .... The critical 
values for 11)1. and T, ... are 0.739 and 0.216 at the 0.01 level and 
0.463 and 0.146 at the 0.05 level, respectively. 

2. TESTING FOR STATIONARITY IN 
CARIBBEAN CPI INFLATION SERIES 

The time series plots of CPI inflation series for Barbados, Ja
maica and Trinidad and Tobago are presented in Figures lA, 
2A and 3A. The data are monthly, spanning the period Janu
ary 1970 to December 1993 and are not seasonally adjusted.4 

Figure 1A shows that the inflation series in Barbados was 
generally more volatile in the period before the 1980s than in 
the post 1980 period. Much of this variability can be attrib
uted to the fact that Barbados is a small open economy and 
that the increases in world commodity prices in the pre-1980 
period caused import prices to rise, and precipated an accel
eration in domestic prices (see, for example, Bourne (1977)). 
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Figure 2A indicates that the rate of inflation in Jamaica was 
highest in the 1978/1979 period. This corresponds to the pe
riod, beginning May 1978, when Jamaica was forced by the 
International Monetary Fund to implement a structural ad
justment programme that included measures such as the abo
lition of the dual exchange rate and a devaluation of the cur
rency. Another period of high inflation occurred in 1991. 
Economic policy during this period was effectively directed 
at moving Jamaica towards a liberalised, market-led economy. 
Some of the major policies and programmes implemented 
during 1991 included:- (i) exchange rate measues, in particu
lar the devaluation of the Jamaican dollar; (ii) fiscal measures 
directed at reducing the fiscal deficit; (iii) monetary policies 
which increased the rate of growth of the money supply and 
affected interest rates; (iv) the abolition of subsidies and prices 
controls; (v) income policies which included the removal of 
wage guidelines. These policy measures were largely respon
sible for fuelling inflation during the 1978/1979 period. 

Figure 3A presents a graphical plot of monthly inflation rates 
for Trinidad and Tobago over the period 1970 to 1994. It is 
evident from the graph that the rate of inflation in Trinidad 
and Tobago was highest in the 1983/1984 period. This could 
be attributed to the rapid growth of the money supply which 
came about largely as a result of the financing of the fiscal 
deficits of 1982, 1983 and 1984 using foreign exchange earned 
in the oil sector (see Ramsaran (1988». 

The autocorrelation functions for the CPI inflation series for 
Barbados, Jamaica and Trinidad and Tobago are presented 
in Figures 1B, 2B and 3B. Unlike those series for Barbados 
and Jamaica, the inflation series for Trinidad and Tobago do 
not show a clear pattern of decay. Indeed, these data indicate 
the existence of seasonality. Although not reported, the 
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autocorrelations of the first difference of the inflation series 
for both Barbados and Jamaica appear with large negative 
autocorrelations at lag one and relatively little other 
autocorrelation. These patterns suggests that the inflation 
series for Barbados and Jamaica are stationary and that of 
Trinidad and Tobago is border-line stationary. To confirm 
this result, both the nu 11 of a unit root and stationarity are 
tested using the Phillips and Perron (PP) (1988) test statistic 
for a unit root and the KPSS test statistic for stationarity. 

The combined use of the PP and KPSS test statistics gives rise 
to four possible outcomes: 

(i) Rejection by the PP statistic and failure to reject by the 
KPSS statistic is viewed as strong evidence of covari
ance stationarity (i.e. an 1(0) stochastic process}; 

(ii) Failure to reject by the PP and rejection by the KPSS 
statistic appears to be strongly indicative of a unit root 
(i.e. an 1(1) process); 

(ii) Failure to reject by both the PP and the KPSS statistics is 
probably due to the data being insufficiently informa
tive on the long run characteristics of the process; 

(iv) Rejection by both the PP and the KPSS statistics indi
cates evidence of some process that is neither well de
scribed by an 1(1) or 1(0) process. 

Table 1 presents the results of applying the PP and KPSS tests 
to the three inflation series. For all the countries, both the PP 
and the KPSS test statistics are indicative of inflation being 
1(0). It is useful to compare these results to those of BailIe, 
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t: -14.71** -8.179** -16.83** 

ta -15.39** -8.567** -16.88** 

11. 1.005** 0.435 0.290 

11. 0.069 0.015 O.ISO* 
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Chung and Tieslau (1995) who considered modelling post
war monthly inflation rates for the G7 low inflation econo
mies as well as for three high inflation economies, namely, 
Argentina, Brazil and Israel. These authors found evidence 
in support of case (iv) above for Argentina, Brazil, Canada, 
France, Italy, Israel, UK and US; that is, there is evidence that 
inflation may not be generated by an 1(0) or I(l} process. In a 
later part of the paper, they argued that for all but one coun
try, Japan, the inflation series can be modelled as an 
Autoregressive Fractionally Integrated Moving Average Pro
cess with Generalised Autoregressive Conditionally 
Heteroskedastic (ARFIMA-GARCH) effects. See the appen
dix for a description of ARFIMA(p,d,q)-GARCH(p,Q). 

3. A FRACTIONALLY INTEGRATED PROCESS 
FOR CARIBBEAN CPI INFLATION SERIES 

The simplest discrete time long memory process is the frac
tionally integrated FI(d) process xt which is defined by: 

(l-L)d X, =£, (6) 

for 0 < d < 1/2 ' where L denotes the lag operator, and £1 white 
noise. The autocorrelations of an FI (d) process can be approxi
mated by:-

p(j) - (r(l- d/r(d»)/d-l j -+ 00 

which implies a hyperbolic and monotone decay in the 
autocorrelations, when d ;a!O. This stationary model reduces 
to the usual short memory ARMA model when d = O. The 
Fl(d) process can be viewed as an extension of the ordinary 
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integrated process led) with the parameter d being 
fractionized. An I(d) process is a non-stationary AR(d) pro
cess with d integer unit roots. 

The Fl(d) process was first proposed by Granger (1980, 1981), 
Granger and Joyeux (1980), and Hosking (1981). For its ap
plication to economic data, see, for example, Diebold and 
Rudebusch (1989,1991b), Sowell (1992a, 1992b), and Baillie, 
Chung and Tieslau (1995). 

Several alternative estimation procedures, such as semi-para
metric, approximate maximum likelihood estimation (MLE) 
and full MLE procedures, have been proposed by numerous 
authors to estimate the parameters of an ARFIMA process. 
Of special interest is the observation that maximum likeli
hood estimation can be used to estimate the parameter d of 
the stationary long memory process defined by equation 6 

with EI - N(O,(T2). 

Geweke and Porter-Hudak (1983) suggested a semi-paramet
ric estimator that allowed d to be estimated from a regression 

of ordinates of the periodogram of XI on a trignometric func
tion. While this estimator is simple to apply and is poten
tially robust to non-normality, Agiakoglou, Newbold and 
Wohar (1992) have shown the estimator to be severely biased 
in the presence of strong autocorrelation in the E, process. 
For this reason, interest has shifted towards maximum likeli
hood estimation. 

Fox and Taqqu (1986) and Chung and Baillie (1993) propose 
approximate MLE under normality. While Fox and Taqqu 
(1986) considered a frequency domain approximate MLE 
based on numerically minimising a weighted sum of the 



periodogram of XI' Chung and Baillie (1993) considered a time 
domain approximate MLE based on minimizing a conditional 
sum of squares (CSS) derived from a more general process 
than that given in equation 6. Diebold and Rudebusch (1991a) 
have applied the Fox and Taqqu estimator and they report 
that the estimator performs well. Some results concerning 
the small sample performance of the CSS estimator are re
ported in Chung and Baillie (1993). The CSS estimator per
forms well when estimating ARFIMA (p, d, q) models with p 
and q being 0,1 or 2; -1/2< d < 1/2 and for samples greater 
than 100. For samples under 100, the CSS estimator can pro
duce substantial biases. 

Haslett and Raferty (1989) and Sowell (1992b) proposed full 
MLE procedures. Sowell (1992b) derived the full MLE for 
the ARFIMA (p, d, q) process with normally distributed dis
turbances. Under normalit'f, the log-likelihood is given as ;-

L(,u,d, q" 8,(12) = (TI2) log(2n) - (1j2)logll:1 
(7) , 

_ (l/2)(XT -,u) rl(XT -,u) 

where I. is the TxT variance-eo-variance matrix of the pro
cess, xr , and its elements are non-linear functions of hyper
geometric functions. The parameter estimates are obtained 
by maximising this function with respect to the unknown pa
rameters of the model. While this full MLE procedure does 
not suffer from mis-specification bias inherent in approximate 
MLE procedures, it is nevertheless computationally demand
ing, since at every iteration of the likelihood, it requires the 
inversion of aT-dimensional variance-co-variance matrix. It 
is for this reason that consideration was given to the predic
tion error decomposition procedure of Haslett and Raferty 
(1989). 
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The estimate of the parameter of the process, defined by equa
tion 6, was based on the the full MLE provided by Haslett 
and Raftery (1989). This is the estimation method provided 
in S-PLUS data analysis software. The S-PLUS function arima, 
fracdiff estimates the parameters of a given fractionally 
differenced ARFIMA (p, d, q) model and returns exact or ap
proximate maximum likelihood estimators, standard errors, 
the covariance and correlation matrices of the parameter esti
mates and the log-likelihood. By noticing that the FI (d) model 
is the ARFIMA(O,d,O), the S-PLUS function arima, fracdiff was 
used to estimate d on the assumption that the density of the 
error process in equation 6 is normal. The log-likelihood for 
the model is computed exactly using the prediction error de
composition (see, Harvey (1981)) given by equation 8 below:-

r r 
-2 log L(xI" "xr) = Tlog( 2Jt"0"2) + L logfr + Lel

2 /0"2 fr (8) 
/=1 1=1 

where L( XI'" ., xr) denotes the likelihood; (J2 is the variance 
of the innovation process, £1; (J2 J; is the conditional vari
ance of ;:-1; the conditional mean one-step-ahead prediction 
of x t based on data xp ... ,X,_1 ; e

t 
= x, -x:-I (t=l, ... ,T) is the 

prediction error and T is the sample size. 

Table 2 reports the estimated values of d for the different 
countries. For all three countries, the estimated values are 
below 0.5 and significantly different from zero. In all cases, 
the estimated standard errors are very tight. These results 
imply covariance stationarity of the inflation process. Inter
estingly enough, the estimated value of d for Trinidad and 
Tobago is considerably smaller than the values of the other 
two countries.s These results are in support of the PP and 
KPSS tests that suggest that inflation is 1(0) and are interest
ing for several reasons. First, they suggest tht greater care 
should be undertaken when specifying the stochastic process 
generating infaltion. This is relevant when the issue at hand 
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is investigating the existence of common stochastic trends 
among relevant economic variables in the Caribbean Com
munity (CARl COM). Second, although a formal statistical 
test was not performed, the nature of inflation in Barbados 
and Jamaica appears significantly different statistically from 
that in Trinidad and Tobago when judged by the sizes of the 
estimated values of d. One can conjecture that the difference 
is statistically significant.6 

Under this scenario the above result suggests that policies 
designed to fight inflation in Trinidad and Tobago might not 
be appropriate in Barbados and Jamaica. In effect, this result 
appears not to support the view of a need for a common re
gional monetary policy to combat inflation. 

Inflation Series Barbados 

d estimates 0.20" 

Standard Errors 0.00 

Log-Likelihood -437.22 

ca 

0.47" 

0.00 

-481.03 

Trinidad and 

0.06" 

0.00 

-406.74 

Note: Programming WRS done using S-PLUS Rnd the mRtrix 
progrRmming lRnguRge GAUSS. 
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4. CONCLUSION 

The question of unit root non-stationarity in inflation data 
for selected Caribbean countries has been considered in ear
lier studies. These papers have failed to find any strong evi
dence against the null hypothesis of difference stationarity. 
Using monthly data from January 1970 to December 1993 and 
relatively new time series tools, this study re-examined the 
evidence that the inflation process in Barbados, Jamaica, and 
Trinidad and Tobago is non-stationary. The KPSS test which 
takes stationarity as the null was utilised to examine ~hether 
the variance of the random walk component was zero. In 
addition, estimates of the fractional parameter were computed 
using the exact MLE procedure of Haslett and Rafferty (1989). 
The results of our investigation differ significantly from the 
findings of previous studies. For the countries the results are 
unambiguous and suggest stationarity of the data. One im
plication of the results in this paper is that less emphasis 
should be placed on the agenda of a common regional mon
etary policy since the structure of inflation is different across 
the three islands under investigation. 
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APPENDIX 

A more general model that can be applied to modelling the 
inflation process is the ARFIMA(p,d,q)-GARCH(P,Q) process 
and is defined by: 

(A1) 

(A2) 

f3(L)a? = w+ a(L)s? + rh (A3) 

where Xi = l00~logCPI, and CPI inflation, Ylt and Y2t are 
vectors of pre-determined variables, ~ is the mean of the 
process, 

p(L) = 1- PtL-..... -PpI!1J(L) = 1 + 8t + ... . ,+8qLQ; 

f3(L) = 1- f3tL-,···, f3pLP 1X(L) = 1- at L-, .. ·, apLP; 

and all the roots of p(L), 8(L), ~(L) and a(L) lie outside the 
unit circle. Under the restriction that 8 = 0 and b = 0, equa
tions (A.1) and (A2) describe the Autoregressive-Fraction
ally Integrated Moving Average (ARFIMA) process intro
duced by Granger (1980,1981) and Granger and Joyeux (1980). 
Under the condition 0 :;:. 0, the model is extended to allow vola
tility to influence mean inflation. The errors E

t 
are assumed to 

follow a conditional density D, which could be either Normal of 
Student's t and the time-dependent heteroskedasticity, 0; fol
lows the Generalised Autoregressive Conditionally 
Heteroskedastic, (GARCH(P,Q» model of Engle (1982) and 
Bollerslev (1986). Lagged inflation is allowed to possibly enter 
the conditional variance, equation (A3), through its inclusion 

into Y 21' 
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.. helpful comm,ents. .. ... .. ...... .;,<;. 
2. 1 do note$howev~r~ ~tsome .• Of~hetes~i ··~~d· 

data based ondifferentfrequet\ciesand$e .....••.•......... 
In the empiricaltestsrreporteci in; ....... . 
attention to the more common unit io()fe: 
they are Widely ;reported in stUdies ofhiflifJ., 

3. It is important to note that other Win~O~~~~i~~~~sh 
as that by Parzen are possible. . .. •.... . . . 

'.. . ...... ,. 

4. The consumer prices indices were obtaihedfr~trlthe' 
International Monetary Fund (Internati()naliFinallCial 
Statistics). The choke of sample period is arbitrary~ 

5. This is indeed surprising in view of the earlier observation 
that the autocorrelation patterns in the inflation series for 
Barbados and Jamaica suggest stationary processes and 
those of Trinidad and Tobago suggest border~1ine stationary 
process. It may be the case that a more general long memory 
process is warranted. 

6. This and other related issues are the subject of another 
paper. 
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AN ITERATIVE FRAMEWORK FOR 

ANALYSING THE INTRODUCTION OF 
MONEY AND CAPITAL MARKETS IN LESS 

DEVELOPED COUNTRIES (LDCs) 

Peter Blair Henry 

INTRODUCTION AND OVERVIEW 

The debt crisis of the 1980s focused attention on developing 
countries and their sources, or lack thereof, of external finance. 
The 1990s has seen the advent of a new round of capital flows 
from the industrialised world to the less developed countries. 
However, the recent flow of capital has been of a much dif
ferent composition than the 1970s spate of financing which 
preceded the subsequent crisis. Whereas the decade of the 
1970s saw a stream of loans from large commercial banks, 
the new round of financing has a much higher content of port
folio equity, bonds and foreign direct investment. As emerg
ing markets continue to attract attention, developing coun
tries are seeking to modernise their financial sectors in an ef
fort to take advantage of the continuing demand by investors 
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in the developed world, for new and profitable sources of 
investment. Decisions on these matters will have far reach
ing implications for the development process. 

Much of the debate on financial liberalisation has used the 
sequencing literature (see Dornbusch (1983), Edwards (1984) 
and (1987), McKinnon (1991) as a basis for analysis). While 
the sequencing literature provides a useful frame of reference 
for discussions concerning money and capital market devel
opment in LDes, it has potentially damaging implications 
for small developing economies if it is used as a basis for 
macro-financial policy. Applying a sequential approach to the 
development of money and capital markets would lead the 
policy-maker in a developing country to first stabilise the 
domestic macroeconomy and then, on grounds of efficiency, 
to open money and capital markets- immediately allowing 
foreign investors full access to the domestic economy. While 
the first part of the prescription is wise, the latter does not 
necessarily constitute an optimal development strategy. 

This paper analyzes the macroeconomic implications of in
troducing money and capital markets in developing coun
tries as a means of promoting increased investment, and pro
poses an iterative decision-making procedure as an alterna
tive to the sequencing approach. While money and capital 
markets may facilitate higher rates of investment by increas
ing overall savings, they will not perform their desired func
tion in the absence of sound macroeconomic policy. 

Furthermore, money and capital markets may promote in
vestment by decreasing the cost of capital, but they should 
not be looked to as a panacea for stagnant investment. Great 
emphasis should be placed on macroeconomic fundamentals 
and other structural and institutional details that affect in
vestment. For a given target rate of investment, policy op-
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tions should seek to attain efficient domestic money and capi
tal markets as a means of encouraging investment before al
lowing free access to foreign investors, because unstable in
ternational capital flows can undermine the development 
process. 

Section 1 begins by outlining the benefits of introducing 
money and capital markets. Section 2 outlines a model of a 
small open economy considering the introduction of money 
and capital markets as a means of increasing real investment. 
Section 3 enumerates the macroeconomic pre-requisites for 
the effective introduction of money and capital markets. Sec
tion 4 discusses the order in which these markets should be 
introduced and develops a general approach for analyzing 
money and capital market development. Section Slooks at 
the implications of money and capital market development 
for international capital flows, while some concluding remarks 
are presented in Section 6. 

1. POTENTIAL BENEFITS OF ASSET 
MARKETS 

1.1 The Cost of Capital 

The introduction of money and capital markets can directly 
increase investment by augmenting the overall supply of sav
ings and indirectly by creating competition for banks. Both 
the direct and indirect effect may lead to a lower cost of capi
tal. Indeed the theoretical details of how money and capital 
markets lead to lower lending rates is explored in greater 
detail by McKinnon (1973) and Shaw (1973). 
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If investment is a driving factor in growth and investment is 
responsive to the interest rate, then lowering lending rates is 
one means of promoting economic development. Therefore, 
if the ultimate goal of economic policy is to achieve satisfac
tory growth and income distribution, the vital question the 
developing country policy-maker must ask when thinking 
about introducing money and capital markets is the follow
ing. Will development of money and capital markets increase 
the supply of capital and thus lead to a lower cost of capital? 

Encouraging investment as a means of spurring economic 
growth requires a sound understanding of what drives in
vestment activity. The fact that there are a number of vari
ables other than the interest rate which affect investment, has 
crucial implications for the strategy of using capital and 
money markets as an engine of growth. Acting as though 
interest rates exclusively drive investment when there are a 
number of other variables involved, may lead to egregious 
policy conclusions. 

To the myopic policy-maker stagnant investment may be 
viewed as an ailment requiring only lower lending rates. Let 
us for a moment suppose that interest rates are successfully 
lowered by opening domestic money and capital markets, but 
investment activity remains unsatisfactory. The policy-maker 
will think that investment is weak because lending rates are 
still too high, while in actuality, poor consumer confidence, a 
prohibitive tax regime, or credit rationing by banks may be 
the cause. Clearly, there are any number of institutional and 
macroeconomic factors other than the interest rate which 
could be hindering investment activity. 

Nonetheless, the policy-maker concludes that lending rates 
are too high because there is an insufficient pool of savings in 
the economy. Therefore, he decides to intemationalise money 
Probl __ ChaUe ..... 1R ModelllRllIld '_ell .. Cuibbelll Econcnnlee -------
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and capital markets while ignoring the possible strucr...lral 
obstacles to investment. Real investment activity mayor may 
not increase as a result of foreign capital inflows. This will 
largely depend on the aforementioned institutional factors. 
Regardless of whether or not real investment activity grows, 
the economy is now increasingly exposed to the volatility of 
international capital flows. Admittedly, exposure to capital 
flows and the, concomitant loss of policy autonomy are some
what inevitable for any open economy, but the argument is 
not that small developing countries should pursue autarkic 
policies; the operative word is prudence. 

While a small open economy must have a fairly liberalised 
capital account to facilitate trade, it is not clear that increas
ing the volume and variability of capital flows by opening 
domestic asset markets to international investors is necessar
ily a first-best development strategy. In fact, in the case that 
the pool of savings in the domestic economy prior to opening 
markets internationally was actually sufficient to fund a sat
isfactory level of investment activity, one has unnecessarily 
reduced policy autonomy. 

Before increasing the exposure of the domestic economy to 
the potentially destabilizing forces of international capital 
flows, one needs to be reasonably certain that there is poten
tial real investment in the economy that is not happening be
cause of insufficient savings. It may, for example, be the case 
that sufficient domestic funds exist, but the channels neces
sary for transferring them to deficit units are not in place. 

Alternatively, when both the funds and the channels are in 
place but investment is still sluggish, further lowering lend
ing rates will have only marginal effects on investment activ
ity. This was more or less the scenario in the United States 
during the early 1990s; interest rates fell substantially but 
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credit markets were largely unresponsive. There is no need 
to open up financial markets internationally in this case. What 
is needed is not lower interest rates, but a better understand
ing of the macroeconomic variables that are contributing to a 
weak investment climate. 

2. ANALYTICAL AND THEORETICAL 
FRAMEWORK 

In this section, the outline of a model of a small developing 
economy considering the introduction of capital and money 
markets is presented. It is argued that within the context of 
such an economy, the basic macroeconomic prerequisites for 
the introduction of capital and money markets are fiscal 
soundness, price stability and a sound domestic financial sys
tem. It is illustrated that the introduction of money and capi
tal markets in the absence of sound macroeconomic funda
mentals leads to systemic instability in the macroeconomy. 
Having shown the importance of macroeconomic fundamen
tals, the implications of introducing money and capital mar
kets from two perspectives are considered. First, the sequenc
ing approach is reviewed and this is followed by a discussion 
of an alternative iterative decision-making procedure. Sec
ond, the two approaches are compared, and it is shown that 
the iterative procedure is a more suitable approach for ana
lyzing macro-financial policy in small developing economies. 

2.1 The Model 

The economy exists for t = O,I, ... ,T periods. The economy 
begins with an initial endowment of capital and labor, Ko and 
Lo respectively. Output for a given period is determined by a 
production function that is homogeneous of degree one. 
Problems and ChaUeng •• in Modelling and Forec .. ting Caribbean Economies --_____ _ 
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(1) 

It is also assumed that a fraction of national income is saved 
each year. 

(2) 

D t is a vector of variables indexing the extent of financial deep
ening in the economy; AI is a vector of variables indexing the 
available range of financial instruments and r is the domestic 
interest rate. Investment demand is given by 

(3) 

where VI is a vector of variables other than the interest rate 
which affect investment. 

Capital accumulation can be funded through domestic sav
ings, attracting foreign savings or both. The savings avail
able for capital accumulation at time t is given by S 1= S\ + SIt" 
Using (1) and (2) we see that 

St = OtY, + sf (r(Dt).r*.A,. v,) (4) 

where the S(i) are home savings and foreign savings inflows 
respectively and r* is the world interest rate. The labor sup
ply is constant. 

Given that national income is Yo (at t = 0), the policy-maker's 
problem is to achieve optimal income level y* by time T us
ing the available policy tools P = {At' V l In addition, the 
following assumptions are made:-

1. The hypothetical country being considered is a small 
economy; changes in its macroeconomic conditions have 
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negligible spillover effects on the rest of the world. 

2. The economy is open with respect to the trade of goods 
and services. 

3. The economy has capital account restrictions and a fixed 
exchange rate. 

4. The economy has no secondary markets for equity or 
money. 

5. If domestic money and capital markets are introduced 
all capital restrictions remain unchanged and the ex
change rate stays fixed. 

6. If money and capital markets are opened externally, 
all capital restrictions are lifted and the exchange rate is 
allowed to float. 

By a restricted capital account we mean that the government 
is able to exercise effective controls over the allocation and 
use of foreign exchange. That is, all foreign exchange sales 
and purchases must be cleared by the Central Bank, and pur
chases and sales for speculative purposes are not permitted. 
Furthermore, we make the heroic assumption that the Cen
tral Bank is able to police the use of these funds in such a way 
that no false invoicing or other deceptions take place. While 
there is ample evidence that capital controls have limited ef
fectiveness, we make this assumption here only to isolate the 
effects of certain macroeconomic variables on the analysis. It 
is important to emphasise that the paper is not arguing for a 
closed capital account. Any open economy maintaining ties 
with world goods markets must maintain some degree of 
capital account openness. 
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Assumption 3 is made in order to disaggregate those capital 
movements that inevitably take place because of a fully open 
current account, and those that will occur if domestic asset 
markets are opened to international investors. Stating that 
the capital account is closed in the first instance ensures that 
capital movements which occur while domestic asset mar
kets are closed to foreigners are due to real transactions. 
Therefore, when markets are opened internationally, one can 
safely assume that any additional capital movements are a 
result of financial transactions. Relaxing the capital account 
assumption only makes the analysis more complicated but 
does not change its primary thrust. 

Thus, in our model the financial options initially available to 
a given agent in the economy are bank deposits and one-time 
purchases of shares offered by firms. Since there is no sec
ondary market, these shares are quite illiquid. Keeping this 
simple framework in mind, the macroeconomic prerequisites 
for successful introduction of money and capital markets in 
this economy will now be outlined. 

3. MACROECONOMIC PRE-REQUISITES 

3.1 Fiscal Stability 

The continual inability of a government to maintain a stable 
fiscal position is generally due to one, or a combination of 
two factors. A general lack of fiscal discipline - populist poli
cies in pre-election years, corrupt use of funds or generally 
poor and inefficient planning - is one cause of persistent defi
cits. Another possibility is deficits that are induced by exog
enous shocks to the economy - inclement weather conditions 
that result in poor harvests and decreased tax revenue, terms 
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of trade shocks and the like. In these instances, especially in 
developing countries where the effects of reductions in le
gitimate social spending can be particularly acute, govern
ments may be reluctant to curb spending and are therefore 
more likely to incur budget deficits. In either case, the deficit 
problem is unlikely to be self-correcting. 

The introduction of money and capital markets in the face of 
fiscal imprudence can increase the likelihood of persistence 
of the deficit. Rather than finding ways of disciplining its 
spending to reduce the deficit with the introduction of new 
financial instruments, the government may simply choose to 
finance the deficit by issuing public debt (Le. bonds and trea
sury bills). However, there is nothing inherently unsound 
about financing spending through the issuance of debt, as
suming that the debt issue is sustainable. 

Consider now the following scenario. The government in
troduces money and capital markets in the face of a consider
able debt and capitalizing on the initial euphoria surround
ing the new development, the government puts together a 
campaign promoting the sale of debt instruments by promis
ing fiscal reform, renewed prosperity, etc. Given the initial 
level of investor excitement, the government is able to find 
takers for the entire amount of the debt. 

If the government makes no fundamental change in its fiscal 
policy so that there is no visible demonstration to investors 
of the government's ability to meet its long-term payment 
obligations, as time unfolds, people will lose confidence in 
the government. Consequently, in order to get individuals 
to continue to hold the debt, the government will have to of
fer a higher rate of return. As more time elapses and the gov
ernment still has not redeemed its ways, it will have to offer 
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even higher rates. Clearly, such a policy is unsustainable. 
With increased arrears, and an inability to finance through 
the issuance of debt, the government may be inclined to use 
the inflation tax as a means of deficit reduction, but 
seigniorage will tend to reduce real balances. 

By assumption, once our small open economy inter
nationalises money and capital markets, it also completely 
liberalises all capital controls. Therefore, if the money and 
capital markets introduced are international, then agents will 
increasingly be able to escape the inflation tax by holding less 
domestic currency. As this occurs, in order to finance the defi
cit, the government will have to print money at an accelerat
ing rate; this too is unsustainable since monetising the debt 
will eventually lead to hyperinflation. If money and capital 
markets are domestic, then agents will not be able to flee the 
tax via currency substitution. In this case, individuals will 
try to maintain the value of their earnings by increasing pur
chases of durable and consumption goods; the introduction 
of money and capital markets will not increase saving. 

3.2 Price Stability 

Stability of the price level is an essential prerequisite for the 
introduction of money and capital markets. Since we have 
assumed that our small open economy has a liberalised do
mestic price system, we do not address in this section the need 
to remove distortions to the pricing mechanism prior to open
ing capital and money markets. 

If price instability defined as the situation where the amount 
by which domestic inflation exceeds world inflation is an in
creasing function of time, then the introduction of money and 
capital markets in the face of price instability will be 
destabilising. Given prices and the nominal exchange rate, 
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suppose our country decides to introduce international money 
and capital markets in the face of domestic price instability. 
Since the domestic price level is increasing faster than the 
world price level, taking the nominal exchange rate as given, 
there will be secular appreciation of the real exchange rate. 
Without a policy change to bring domestic inflation in line 
with world inflation, there will be a tendency for the current 
account to deteriorate and the traded goods sector will be 
hurt by the loss in competitiveness. 

Rectifying price instability once international capital and 
money markets have been introduced will be problematic. 
An attempt to squeeze out inflation through a monetary con
traction will push up interest rates and tend to make domes
tic money instruments such as time deposits more attractive 
to foreign investors. As the demand for domestic currency 
rises- foreign investors need domestic currency to buy the 
instruments, the nominal exchange rate will tend to appreci
ate, thus worsening the real exchange rate predicament. There 
will be a further loss in competitiveness and the current ac
count position will worsen as well. 

One might argue that as long as foreign capital is flowing in 
to finance the current account deficit there is no problem. But, 
while such an argument may hold in the short-run, we will 
see in Section 6 that this strategy is dynamically infeasible. 
The scenario just outlined is not unlike what happened in the 
Southern Cone countries, particularly Chile, during their at
tempt at liberalisation during the 1970s and early 1980s (see 
Diaz-Alejandro (1985), The Economist (1993)). 

3.3 Domestic Financial Stability 

The domestic financial system is like the central nervous 
system of the economy. While it is important that goods 
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markets be undistorted so that individual agents can make 
decisions that allocate resources in an efficient manller, 
financial markets apportion those funds which will allow 
agents to act upon their economic decisions. A distortion in 
one sector of the goods market mayor may not affect other 
sectors, but a malfunctioning financial system necessarily 
permeates the entire goods market (see Stiglitz (1993) for a 
detailed argument). 

Therefore, it is especially important that distortions not be 
present in the financial system and that investment decisions 
reflect the true cost of capital. Such reasoning might seem to 
imply that complete deregulation of the financial system is a 
desirable aim. This is not the case, however, as unbridled 
deregulation is potentially destabilising. In the face of de
regulation and the introduction of more sophisticated money 
market instruments, domestic banks may be tempted to raise 
interest rates on deposits to imprudent levels in an attempt 
to woo depositors away from their competitors. With a com
pletely liberal capital account this may attract foreign funds. 
Excessive capital inflows could have deleterious effects on 
the real exchange rate and the financial sector. Implications 
for the financial sector is discussed in the section of the paper 
that covers the order of liberalisation (see Edwards (1993), 
and World Bank (1993)). We turn now to the effects of for
eign capital surges on the real exchange rate. 

High interest rate differentials between domestic and foreign 
time deposits can generate arbitrage opportunities for foreign 
investors. Since domestic and foreign assets are not perfect 
substitutes, these arbitrage opportunities may persist and 
foreign funds will flow into the economy with resultant 
upward pressure on the nominal exchange rate. This will, 
taking prices as given, result in a real exchange rate 

----------------- Caribbean Centre lor Monetary Studi .. 



208 An It_tiv. f ... mewo,k (0' An .. ",.in& tlt.lntrod"dian of Man, .. nd C"Cit .. 1 M .. ,bt. in LDC. 

appreciation with implications for the current account balance 
and the traded goods sector. 

The issues surrounding capital flows are addressed later in 
the paper, but it should be noted that if growth in the real 
sector is desired, an import surge financed by foreign capital 
inflows is probably not an optimal strategy. An argument 
can be made that the real appreciation could be used as an 
opportunity to increase imports of capital equipment needed 
for production in the traded goods sector, but we will say 
more about this in Section 5. 

4. THE ORDER OF INTRODUCTION OF 
MONEY AND CAPITAL MARKETS 

Once the macroeconomy is stabilised, a number of important 
dedsions regarding the order of introduction of money and 
capital markets must be made. Do we introduce money or 
capital markets first? How many and what types of instru
ments should be made available? Given that new financial 
instruments would be introduced in a stable domestic 
economy, is the current set of macroeconomic policies appro
priate to the new environment? Should the new instruments 
be available to domestic residents only or should they be avail
able to the international investor? 

In answering all of these questions it is essential to keep in 
mind that the ultimate aim of developing money and capital 
markets is to increase growth by augmenting real investment. 
The order in which money and capital markets are introduced 
will have implications for growth, income distribution, the 
possibility for maturity of the institutional and legal frame
work, and, in the event that markets are opened internation
ally, the credibility of maintenance of an open capital account. 
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Before looking at these issues in detail, it will be helpful to 
review what the sequencing literature has to say about the 
order of liberalisation. 

4.1 The Sequencing Literature 

The sequencing literature (see Dornbusch (1983), Edwards 
(1984), McKinnon (1991» is concerned with the order in which 
a "repressed" economy should be liberalised. By a repressed 
economy we mean one in which domestic and external goods 
and financial markets are not allowed to operate freely. The 
general conclusion from this literature is that liberalisation 
should proceed in the following order: 

First, remove distortions in domestic goods and capital 
markets, attain fiscal order, and remove dependence on 
inflationary finance. 

Second, forge links with the rest of the world by 
liberalising the current account before the capital account. 

The key distinction between sectors in determining the order 
of sequencing is the basic assumption that goods markets clear 
slowly, while asset markets adjust quickly. Asset markets 
are more sensitive to future expectations; new information 
that alters expectations is reflected in asset prices much faster 
than in the prices of goods and services. Opening the current 
account first allows policy makers to observe the reaction of 
markets and correct any errors. Opening the capital account 
does not allow a grace period. Indeed, reactions to capital 
account opening will be quick and huge. 

Opening the current account first is also desirable because it 
is easier and less costly to society to reverse wrong portfolio 
decisions than it is to do so in the case of real investment. 
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One should remove distortions in domestic commodity and 
financial markets, then open up the trade account so that real 
investment decisions can be made in a distortion free envi
ronment. Therefore, once the capital account is opened, capital 
flow will be more consistent with long run patterns of real 
investment (see Dornbusch (1983)). 

The sequencing literature provides valuable insight into some 
of the issues concerning liberalisation, and is thus a useful 
departure point for posing the theoretical implications of in
troducing money and capital markets in our small open 
economy model. However, as will soon be argued, there is a 
fundamental aspect of the sequential approach that is patently 
flawed. This deficiency is corrected through the iterative pro
cedure outlined below. 

4.2 The Algorithm 

The iterative approach to opening markets can be summarised 
as follows. Investment demand is a function of the lending 
rate and a vector of investment variables. If the current rate 
of investment is sufficient to generate the desired growth rate 
then nothing else needs to be done for the time being. If the 
rate of investment is insufficient for generating the desired 
growth rate then introduce measures to change the invest
ment variables. If these measures are sufficient, do nothing; 
if not, develop domestic money and capital markets and see 
whether investment responds as desired. If domestic money 
and capital markets are sufficient to achieve a desired level 
of investment, then let the markets run and simply monitor 
and regulate as needed. If not, change the investment vari
ables. Given that we now have a deeper financial system, 
these changes may lift the economy onto the desired growth 
path. If changing the investment variables is sufficient for 
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generating the desired level of investment activity, then there 
is no need to open money and capital markets internation
ally. However, if the introduction of domestic money and 
capital markets along with other policy changes is still not 
sufficient to generate the desired rate of investment, then the 
policy-maker may consider opening domestic financial mar
kets to the rest of the world. 

Suppose the developing country policy-maker wants to 
achieve a target rate of investment. He should first establish 
sound macroeconomic fundamentals and then inttoduce do
mestic money and capital markets as a means of increasing 
the rate of investment. Opening money and capital markets 
internationally should only be considered as a policy option 
if the maximum investment rate attainable falls short of the 
target level. 

4.3 Sequencing vs. Iteration 

By taking a sequential approach to the subject of money and 
capital market development, one is implicitly led to the con
clusion that external financial opening is necessarily desir
able. The sequencing literature maintains that it is desirable 
at some stage to have a fully open capital account but that 
capital account opening should take place in proper order, 
that is, after an appropriate sequence of previous reforms. 

Within the simple framework of sub-section 1.1, opening 
domestic money and capital markets would mean that the 
capital account is open only for the purposes of real 
transactions, while opening international money and capital 
markets would mean that the capital account is open for both 
real and financial transactions. Since we have already argued 
that domestic money and capital markets should be 
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introduced only after the real and financial sectors of the 
economy have been stabilised, in the context of our model, a 
sequencing analysis would imply that money and capital 
markets should immediately be opened internationally. 

The crucial flaw in the sequential logic is the failure to distin
guish between" fundamental" and" speculative" capital ac
count transactions. Fundamental capital transactions can be 
of two types: (i) transactions to finance real activity such as 
the exchange of goods and services; and (ii) transactions to 
finance the purchase and sale of assets due to changes in ex
pectations of their profitability. Such changes in expecta
tions may occur because of changes in monetary and fiscal 
policy, the state of technology and private real investment. 
By construction, all non-fundamental capital transactions are 
speculative .. The magnitude of capital flows relative to the 
size of the economy being the relevant factor, an inordinate 
amount of speculation is not needed for the resulting capital 
flows to have harmful effects on a small developing economy. 
It is now clear why the model assumes that the capital ac
count remains closed if money and capital market develop
ment is domestic only. Although the model does not distin
guish between fundamental and speculative domestic finan
cial transactions, this is a separate issue and, as will be ar
gued later in the paper, financial speculation is not as vexing 
a problem if the resulting capital gains remain in the domes
tic economy. 

The argument is not that small developing countries should 
have closed capital accounts, but because behaviour in finan
cial markets tends to be more speculative then fundamental, 
it may be best to limit such behaviour by keeping markets 
closed to international investors. The primary purpose of 
introducing a stock market in developing countries should 
be to enhance real investment activity by lowering lending 
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rates and providing firms and entrepreneurs with alterna
tive sources of financing. While some speculation is inevi
table, the volume of speculative activity will only increase if 
markets are opened internationally. If caution is not em
ployed, stock markets in small developing countries could 
easily become financial playgrounds for international specu
lators. "Speculators do no harm as bubbles on a steady stream 
of enterprise. But the position is serious when enterprise be
comes the bubble on a whirlpool of speCUlation" (Keynes 
(1936)). The sequencing approach says because external fi
nancial market liberalisation can increase volatility in the real 
economy it should be done last; the iterative procedure says 
external financial1iberalisation mayor may not be desirable 
for that very reason. This lacuna in the sequencing logic is 
the critical departure point between applying a sequential 
approach to the analysis of money and capital market devel
opment and using the iterative method. 

Given that the ultimate goal of macro-financial policy is to 
create an environment that promotes robust and sustainable 
growth, ascertaining the role that new financial markets will 
play in fostering this growth and development is paramount. 
Specifically, it is questionable whether opening of money and 
capital markets to international investors necessarily consti
tutes an optimal strategy. 

Like any other decision under uncertainty, external opening has 
potential pitfalls as well as benefits. Therefore, at any point in 
time the policy-maker must solve a dynamic programming prob
lem, choosing the strategy that, conditional on current informa
tion, maximises expected future welfare. The control variables 
(recall the set-up in sub-section 2.1) available to the policy-maker 
at each point in time are essentially (i) keep financial markets 
closed to foreign investors and try to promote growth using 
domestic finandal reforms (ii) open finandal markets externally 

---------------- Caribbean Centre for Monetary Studies 



214 An ltntiltiv. F",mtroJo,k fo, Analysin¥ the Introduction of Manry And CapitAl M",ket. in LDCs 

(iii) some combination of (i) and (ii). 

Assuming that once markets are opened externally they re
main forever open, a salient issue arises. Choosing variables 
(ii) or (iii) reduces the policy-maker's autonomy by exposing 
the country to the volatility of bi-directional capital flows. 
Within the decision theoretic framework of this problem, one 
should only open externally if opening maximises expected 
future welfare from that moment onward. 

This point is fundamental. The policy-maker holds an op
tion: he may exercise the right to open financial markets ex
ternally or not. Since external opening has an irreversible 
cost - permanent exposure to unstable capital flows - there 
is value in waiting to exercise this option. The sequencing 
approach misses this critical point. Having argued that the 
inherent instability of international capital movements makes 
the iterative framework more appropriate than sequencing, 
the paper now turns to the topic of international capital flows. 

5. INTERNATIONAL CAPITAL FLOWS 

This section of the paper explores how speculative interna
tional capital flows can destabilise the domestic economy. 
This topic is analysed in two contexts, namely the introduc
tion of an international stock market and the opening of 
money markets to foreign investors. By extending the simple 
open economy model developed earlier, it is shown how al
lowing international investors access to the domestic stock 
market can actually reduce the overall level of savings in the 
economy. Following this analysis is a discussion of the pos
sibility of large and unsustainable capital inflows due to the 
introduction of international money markets. 
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As regards the market for equities, particular emphasis is 
placed on the distinction between speculative capital flows, 
and capital flows that are aimed at reaping the long-term ben
efits of investing in the domestic economy. It will emerge 
from the analysis that the potential for depletion of domestic 
savings by international investors depends crucially on asym
metric opportunities fOi speculation and the nature of the 
capital flows. This conclusion is closely linked with the need 
for macroeconomic stability. In general, the more unstable 
the macroeconomy, the more likely are capital flows to be specu
lative in nature and thus the greater the potential pitfalls for the 
domestic (..'Conomy if money and capital markets are opened up 
internationally in the face of macroeconomic instability. 

The economic rationale for the internationalisation of money 
and capital markets is simply a cross-border generalisation 
of the argument for domestic money and capital markets. 
Allowing capital to flow unrestricted from country to coun
try allows investors to send funds to areas where the rates of 
return are highest. In its simplest form the argument can be 
presented as follows. For each country in the world, assume 
an aggregate production function F(KL) that is homogeneous 
of degree one. Let the world interest rate be r*. Taking the 
state of technology as given, the efficient use of capital in the 
production process is characterised by the use of a quantity 
of capital such that the marginal product of capital evaluated 
at that level of capital and labor usage is equal to r*. 

Assuming that labor is immobile between countries, if the 
marginal product of capital evaluated at the current level of 
capital and labor employed is less than r*, capital will tend to 
flow out of that country, and if the marginal product of capital 
is greater than r*, capital will tend to flow in. Given that their 
level of capital employment is in general quite low relative to 
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the rest of the world, opening their financial markets interna
tionally will cause capital to flow into developing countries. 

This line of analysis may be correct when international capi
tal movements are generated by long-term investment op
portunities, but the fact that the volume of international capi
tal flows regularly outpaces the volume of international trade 
is evidence to the contrary (see Akyuz (1990)). It if not clear 
that international capital flows are in response to 
macroeconomic fundamentals. If capital flows are specula
tive in nature, then ascertaining their stability could prove to 
be quite difficult. 

Speculation is by definition volatile and unpredictable; it is 
not always clear what drives speculative behaviour and in 
what direction it will be driven. It may be unclear as to why 
capital flows in and why it flows out if it is not driven by 
economic fundamentals. In this case it may be difficult and 
unadvisable to center long-term development strategies 
around investment funded by foreign capital. 

5.1 Asymmetric Investment in 
International Equity Markets 

We now recall the small open economy model from Section 2 
and use it to analyse the potential pitfalls of opening equity 
markets to the international investor. A highly simplified 
partial equilibrium is employed to illustrate the main points. 
Imagine that the economy consists of three classes- capital
ists, rentiers and workers. There is one firm that is owned en
tirely by the capitalist which produces both traded and non
traded goods through the use of domestic labor and capital 
equipment imported from abroad. The production process is 
defined by a standard Cobb-Douglas production function F(K.L). 
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The rentier owns land which the capitalist rents so that he 
can operate his factory. The rentier also owns and operates a 
co~ercial bank which the capitalist uses to deposit his prof
its and borrow money to finance the purchase of new ma
chinery from abroad. 

The workers in the economy work for the capitalist who pays 
them a wage. They use part of their wage income for con
sumption and whatever they save, they deposit with the 
rentier. 

As in the previous model, a government exists for the pur
pose of introducing policy changes, but in the present analy
sis, we assume the government does not tax, save, invest or 
consume. 

Suppose the government wants to promote investment, and 
attempts to do so by establishing a primary and secondary 
domestic market for shares of the capitalist's firm. The gov
ernment believes that the increased avenues for financing will 
encourage the firm to build up a greater capital stock. Before 
the introduction of capital markets, th~ capitalist had to fi
nance all his investment activity by going to the rentier and 
getting loans. Now that he can sell equity in his firm, he has 
another financing option; the firm may now finance its activ
ity by issuing shares on the primary market. 

Let total domestic saving prior to introduction of the equity 
market be $150. After the introduction of the equity market, 
the rentier reduces his present consumption. Given the op
portunity to own a portion of the means of production and 
lay claim to a fraction of the firm's future earnings, the rentier 
is willing to save an additional $100 out of his rental income. 
We assume here that the rentier continues to place the same 
amount of his rental income in his bank deposit. 
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Initially, the workers do not reduce their con,sumption. Dur
ing the first period of analysis, the workers are unwilling to 
invest in the equity market because they are leery about us
ing a fraction of their wages to directly help the capitalist fi
nance his investment. They may be wary about giving their 
money to a new and unfamiliar source. Thus, even if equity 
investment has an extremely high expected rate of return rela
tive to commercial bank deposits, in period one, the workers 
do not buy any shares. 

Suppose the capitalist offers ten shares of his company for 
sale on the primary market in period one, and that for a price 
of $10 per share the rentier is willing to buy all ten shares of 
stock. The price the rentier is willing to pay is based upon his 
expectation about both thp future price of the company's stock 
and the value of its dividend stream, given that the company 
is going to use the $100 primary issue to buy a new piece of 
machinery. We may summarise the rentier's expectations as 
follows. The rentier believes that in time the workers will 
follow his lead and reduce their consumption in order to pur
chase equity in a later period; once they understand the po
tential hazards and benefits of purchasing the firm's stock, 
the workers will want to enter the secondary market. Given 
that there is a fixed amount of stock, there will be excess de
mand for the shares at the time the workers decide they want 
to purchase equity. Thus, the price of equity will be bid up 
and the rentier will realise a capital gain on his investment. 
Furthermore, with an increase in the capital stock, the firm's 
output will rise and its profitability will increase. Higher prof
its may induce the firm to payout greater dividends. The com
bination of expected future price and dividend increases is what 
convinces the rentier to purchase all of the primary issue. 

There was no need for the government to open up the market 
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to international investors in period one, because the firm's 
initial issue was fully subscribed. If the firm had been unable 
to fill the issue because of insufficient domestic demand then 
a case might have been made that foreign investors were 
needed to help fund real domestic investment. However, one 
can imagine a scenario where the government gives foreign
ers access to the market because of political pressure from 
abroad or cajoling by international financial institutions, or, 
the government might believe that demand for domestic 
stocks by international investors will give their developing 
economy a much needed boost. While it is true that a buoy
ant stock market can still be propped up by an inflow of for
eign capital which may in turn boost the economy in the short 
run, we will see, by way of a simple numerical example, that 
this may not constitute a sustainable development strategy. 

Suppose the government opens the stock market internation
ally in period two and that the total demand by foreign in
vestors is five shares. Since there are only ten shares available, 
at the current price there will be excess demand for the stock. 
The rentier will require a higher price than $10 a share to relin
quish 5 shares of his stock. If the foreign investor bids up the 
price to $15 per share, the rentier subsequently sells him five 
shares and then places the $75 into his bank account; the do
mestic economy has attracted $75 of foreign savings. Thus, as a 
result of capital market introduction, domestic savings has in
creased to $175 - the $100 that was initially spent by the rentier 
on the primary offering plus the $75 s~nt on shares by the for
eigner. 

The potential danger in this scenario is that with the opening 
of an international equity market there is no guarantee that 
the capital which flows into the country will stay. Thus the 
$75 inflow may be available to fund investment ex-ante, but 
it may disappear ex-post, because the foreign capital is free 
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to leave at any time. In fact, speculation may do more than 
just withdraw the quantity of money which came into the 
country; it may actually reduce domestic savings. 

Suppose that in period three, workers are aware of the occur
rences in the equity market and get over their mistrust of the 
system so that they now demand to hold share~ of the com
pany. Assuming that there is no new issue, when workers 
demand to hold shares in the company, there is excess de
mand and the price of equity must rise. Suppose demand is 
sufficient to boost; the price of equity to $40 per share, and 
that at this price workers demand a total of 5 shares. The 
foreign investor is willing to sell five shares, and the rentier 
continues to hold his five shares. The foreign investor re
ceives $200 of revenue which we assume he withdraws from 
the economy and takes home. 

Thus the foreign investor effectively induces $200 worth of 
domestic dis-saving that more than offsets the initial $175 in
crease in savings brought about by introducing an equity 
market. The net result of introducing an international equity 
market has been to draw down domestic savings by $25. 
Although some of the dis-saving induced by the speculator 
will be tempered by the increase in profits and wages so that 
the net effect on domestic savings may be ambiguous, the 
potential danger to the economy is clear. Althou~h the firm 
was able to carry out its initial investment plan since the origi
nal $100 of savings from the rentier went toward this end, 
there may be less savings in the economy to help fund future 
real investment than there was at the outset. Looking only 
for a quick return, the foreign investor pulled his money out 
as soon as there was the possibility of a capital gain; the re
sult is a possible net outflow of savings. While the capital 
gain need not be so large that the outflow of capital to foreign 
speculators completely erodes any gain in savings due to the 
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introduction of money and capital markets, any capital gain 
on the part of foreigners that is completely withdrawn will 
reduce domestic savings. 

It is important to realise that the potential depletion of do
mestic savings by foreign investors is not limited to specula
tion in the secondary market for stocks. A common argu
ment for opening equity markets to international investors is 
that developing markets are thin. There is not sufficient do
mestic demand for a stock market to be a viable means for 
companies to finance their investment activities. If markets 
were opened internationally, this would increase liquidity. 

While this may be true, one can imagine a slight alteration in 
the previous scenario where the market is open to foreign 
investors from the outset, and initially the only demand for 
equity is from the foreign investor. In this case the entire 
purchase of new machinery by the firm would be financed 
by the foreign investor. If at some future date domestic resi
dents desire to hold the stock and bid up the price so that 
foreign investors sell all ten shares to domestic residents, then 
if the foreigners withdraw the capital gains, effective domes
tic dis-saving will again have been induced. The initial in
flow of foreign capital will have successfully financed the 
firm's activity, but the subsequent capital outflow reduces 
the amount of potential investment ex-post. 

The question of sustainable development inevitably comes 
to mind. What is desired in developing countries is not sim
ply a one-time burst in investment and growth. The goal of 
policy-makers is to achieve a higher but stable path of invest
ment and growth. If international capital flows place the 
economy on a higher investment path today, but tomorrow ren
der it on a lower path than it was on to begin with, then financ
ing growth with foreign capital may not be optimal, especially 
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if international capital is not really needed to finance investment. 

The two implicit assumptions that drive this story are the 
asymmetry of investment flows (that is the fact that capital 
gains made by foreign speculators in the home economy are 
not tempered by capital gains made by domestic speculators 
abroad), and the speculative nature of the foreign capital in
flow. First we address the asymmetry of the financial invest
ment and follow it with a discussion of speculative capital 
flows. 

Whenever foreign investors withdraw their original invest
ment funds and capital gains, there is no reciprocal inflow to 
buffer the effects of foreign profit-taking in the domestic mar
ket. There is a unilateral movement of capital away from the 
home economy. As long as there is asymmetry in the hold
ings of equity, the possibili~T of massive outflows exists. The 
likelihood of such an asymmetry existing is high in the de
veloping country context. 

In a small LOC, the potential pool of resources for invest
ment in foreign equities markets will surely be smaller than 
the potential pool of foreign resources for investment in the 
domestic equities market. Furthermore, there are institutional 
rigidities - a general lack of awareness as to how equity mar
kets function and thus a reluctance to invest in them, and high 
information costs and limited funds that would make it diffi
cult to invest abroad. 

In the scenario we sketched, the decision by the foreign in
vestor to exit the domestic equity market was not motivated 
by a change in expectations concerning the company's future 
profitability. The decision to exit was merely speculative; the 
investor was not interested in the prospects for heal~hy long
term returns. He merely capitalised on the euphoric invest-
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ment climate and got out, drawing down domestic savings 
in the process. The lesson to be learned from this story is not 
that development strategies should avoid foreign capital en
tirely. Had the investor held on to his domestic stocks or 
deposited his money in a domestic bank, then the funds would 
have been available as a future source of investment fund
ing. The emphasis here is on caution. 

Similar reasoning applies in the case where the foreign inves
tor is the only purchaser of primary equity and then sells some 
or all of his shares in the secondary market. If the investor 
repatriates his earnings that are deposited at domestic finan
cial institutions, then the economy has in fact benefited two
fold. In addition to financing the firm's investment outlay 
the foreign investor is also helping to fund future investment. 

The fundamental point emerging from the analysis is that the 
stability of foreign equity investment is crucial. If foreign in
vestors simply engage in "short-term financial round-trip 
excursions" (Tobin (1978), then it may be sensible to make 
stock markets available to domestic residents only. On the 
other hand, if it can be ascertained that investors are coming 
for long-term earnings considerations, then foreign capital 
may be a valuable source of investment funding. Of course, 
the complication lies in the fact that foreign equity invest
ment does not come with a label marked "real" or "specula
tive." Therefore, in practice it may be quite difficult to sur
mise the nature of foreign interest in the domestic stock mar
ket. 

While it is difficult to determine whether capital flows are 
real or speculative in nature, it is fairly clear that unsound 
macroeconomic policy will increase the amount and volatil
ity of both types. In the first instance, unsound policies will 
increase the volatility of real flows because policies which 
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undermine the fundamentals of the economy (such as price 
stability, fiscal soundness and domestic financial stability) 
will, as a rule, change expectations about the future profit
ability of firms. In the event of imprudent macroeconomic 
policy, investments that were previously promising may no 
longer be feasible, and capital that came for long-term pur
poses may leave because the real investment opportunities 
that were previously present have been eroded. Furthermore, 
macroeconomic instability opens up a host of opportunities 
for speculators. Having examined international equity issues, 
we now turn to the topic of external monetary instruments. 

5.2 Money Markets and Capital Flows 

In the event that money markets are opened internationally, 
proper regulation of the domestic banking system will be
come vitally important. Imprudently high rates will gener
ate massive and unsustainable capital inflows as investors 
try to capitalise on arbitrage opportunities. This was largely 
the Southern Cone countries' experience during the mid and 
late 1970s. The unsustainability of speculative capital flows 
is due to moral hazard adverse selection and exchange rate 
difficulties (see Stiglitz and Weiss (1981) and Diaz-Alejandro 
(1985) for detailed discussions of these issues). The focus here 
is on exchange rate difficulties. 

If interest rate differentials between domestic and foreign 
money instruments are sufficiently large, the economy may 
attract a large inflow of foreign funds. Taking the foreign and 
domestic price level as fixed, this spate of capital will induce 
real appreciation. What should a government do in the face 
of such capital inflows? One possibility is to use both the 
inflow of funds and the favorable exchange rate position to 
finance investment in the traded goods sector. If capital goods 
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are needed to enhance the production of traded goods, as is 
likely to be the case in many LDCs, then the favourable ex
change rate position will make the purchase of capital goods 
from the developed world relatively less expensive. The cli
mate could be quite favourable for capital investment in the 
traded goods sector. But, as always, there are a couple of cave
ats. The exchange rate will not go on appreciating forever and 
there is no guarantee that borrowers will use the newly avail
able funds and favourable exchange rate position to invest. ' 

Consider the following informal argument for why invest
ment cannot be funded forever in this manner. Presumably, 
capitalists in the traded goods sector increase investment in 
capital goods so that they can boost production. A desire to 
increase production on the part of suppliers requires an ex
pectation of the ability to sell the additional output at some 
point in the future (even inventory is accumulated with the 
expectation that it will one day be sold). As these capitalists 
deal in traded goods, a major source of the demand for their 
goods is the foreign market, and an appreciating real exchange 
rate will tend to reduce their ability to sell traded goods. 
Capitalists will only invest heavily in future production if they 
expect that at some point the exchange rate will depreciate, 
thus increasing the quantity demanded of their traded goods. 

Thus, either the exchange rate is expected to appreciate con
tinuously, in which case entrepreneurs will not invest, or, 
capitalists in the traded goods sector import machinery to 
augment production of future output which they expect they 
will be able to sell when the exchange rate begins to depreci
ate. These outcomes are mutually exclusive and the probabil
ity of the latter is much higher than that of the first. When a 
large enough quantity of people expect that a depreciation 
will take place, the currency will in fact depreciate. Deposi
tors will withdraw their money from domestic banks, domes-
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tic savings will faU and new means of financing investment 
will have to be found. 

Besides the fact that investment in the traded goods sector 
cannot be continuously funded by capital flows generated by 
speculation on interest rate differentials and exchange rate 
movements, there is an additional problem. Economic actors 
may not use the favourable liquidity and exchange rate posi
tion to invest in the traded goods sector. An equally strong 
argument can be made that individuals will use the opportu
nity to increase imports. 

If, instead of using the flood of foreign capital to invest in 
productive activity, agents simply increase consumption, the 
current account will deteriorate. While there might be a posi
tive short run effect on aggregate demand for non-tradeables, 
which could stimulate investment in the non-traded goods 
sector, a surge in consumption financed by foreign capital 
inflows will not in general enhance domestic economic 
growth. The foreign-financed consumption boom can not last 
forever. 

Banks will have to make interest payments on their newly 
acquired deposits which means that borrowers will have to 
repay their loans. Repayment of loans requires that borrowers 
either find some source of income that allows them to meet 
payments on their loans (which may not happen if the 
consumption boom does not spur any new productive 
activity), or, they will require new loans to meet their debt 
obligations. It is not possible to continually satisfy arrears 
by incurring new debt; this Ponzi-type scheme is 
unsustainable. In the present context, depositors will come 
to realise that banks are making questionable loans and will 
demand their money. As deposits dwindle, so will the source 
of new loans. Borrowers will begin to default and the stability 
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of the domestic financial system will be threatened. 

6. CONCLUSION 

Increased capital formation is fundamental to generating 
higher growth rates, but increased investment cannot take 
place without increased savings. If the rate of investment is 
to increase, then either domestic savings must increase or for
eign savings must be attracted. The evidence seems to indi
cate that financial deepening is to some extent an engine of 
economic growth, so that increasing the level of financial in
termediation may be an important first step in increasing the 
savings rate of developing countries. However, a legitimate 
concern of developing country policy-makers is that income 
may simply not be high enough to accommodate higher sav
ing rates or, even with increased saving, income may not be 
sufficient to generate a substantial level of savings. 

Thus, the development of money and capital markets can in 
theory playa significant role in the development process. In 
addition to then appeal as a means of increasing domestic 
saving, money and capital markets are ostensibly promising 
as a potential means of attracting foreign capital. Using for
eign portfolio funds to finance investment is a more appeal
ing way of augmenting domestic savings than relying on loans 
from foreign banks. In many ways, portfolio financing of de
velopment is much more tractable since payments to equity 
holders will be correlated with economic performance. 

However, much care needs to be taken in using finance as a 
leading variable in development. Looking to money and 
capital markets as a potential engine of growth requires careful 
analysis and prudent policy. Equity markets require 
particularly close attention. Firms must use stock markets as 
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a significant source of financing if they are to playa major 
role in promoting development. 

If the issuing of primary shares is a relatively infrequent phe
nomenon and the market is mainly used for a secondary in
struments, while this may serve the risk-return needs of agents 
in the economy, it is not clear that a stock market in this case 
will be particularly helpful in promoting growth. For ex
ample, a great deal of financial deepening took place in the 
so-called high performing Asian economies between 1970 and 
1990. However, with the exception of Korea and Taiwan, 
China, stock markets played a relatively small role in the mo
bilisation of capital (World Bank (1993). Therefore, in look
ing to use the market for equities as a means of increasing 
investment, continued attention needs to be focused on real 
versus purely financial activity. Furthermore, foreign port
folio investment may be unstable and therefore an unreliable 
source of investment financing. 

All of this discussion presupposes that there is incentive for 
firms and entrepreneurs to engage in capital formation. In
creasing domestic savings and or attracting foreign savings 
will be of little use in augmenting growth if the funds are not 
used to finance investment. If regulations are obstructive, 
tax regimes oppressive, or political climates volatile, then there 
can be little hope that increased saving will translate into 
higher investment rates. In an inimical environment invest
ment will remain stagnant; the funds, which are available for 
increased capital formation ex-ante, will simply be allocated 
for consumer loans ex-post. 

If bank liabilities increase in an environment where firms and 
entrepreneurs are reluctant to invest, the result will simply 
be an inter-temporal re-distribution of consumption, from 
savers to borrowers (as opposed to from savers to investors). 
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Furthermore, if foreign funds are only used to finance 
consumption and there is no significant increase in investment 
(and hence output), then the net result will be a future 
deterioration in the balance of payments. 

Instituting money and capital markets can playa fundamen
tal role in economic development but further work needs to 
be done on the process of implementation. While the sequenc
ing literature on economic reforms provides a useful starting 
point for discussion, it is problematic. The sequencing ap
proach to introducing money and capital markets is not well 
suited to small, developing countries that are particularly 
vulnerable to unstable capital flows. An iterative approach 
to opening markets is better from a theoretical and a practical 
standpoint. Iteration is preferable to sequencing because it 
highlights the need to be continually aware of the danger of 
exposing a small developing economy to speculative capital 
flows and the fact that investment is a function of both the 
level of financial intermediation in the economy and the gen
eral investment climate. Ignoring the non-financial variables 
which affect investment could lead developing countries to 
prematurely and unnecessarily open asset markets to the rest 
of the world. 
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TOWARDS A FRAMEWORK FOR RESERVES 
POOLING IN CARICOMl 

Shelton Nicholls 

INTRODUCTION 

The CARl COM Heads of Government have recently agreed 
on a two-tiered approach to monetary union. This approach 
sets the stage for the evolution of a Caribbean Monetary 
Authority (CMA) with power to issue a common currency? 
Concrete monetary union in CARICOM, however, not only 
involves the creation of a CMA and common currency but 
must consider, in addition, the management of the reserves 
which are at the disposal of the CMA. 3 On this latter score, 
the report of the Central Bank Governors (1992) is particularly 
silent. The issue of a reserve fund for CARICOM is, however, 
not an entirely new idea and was given some active 
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consideration in the decade of the 1970s by Thomas (1973), 
the W orId Bank (1975), Worrell (1976a,b), Bennett (1979, 1982) 
and Dodsworth (1978). No concerted follow-up was made 
since one member state of CARICOM (Trinidad and Tobago) 
amassed a large quantity of reserves (on account of a hike in 
oil prices), and was able to advance loans and provide aid to 
less fortunate members, obviating the reserve constraint of 
other member states. 

By the mid-1980s, however, the situation changed drastically 
as commodity prices collapsed, exposing the fragile base of 
Caribbean economies. The pooling of reserves is a key strat
egy which, had it been adopted, may have provided Carib
bean member states with a source of funds to continue with 
their developmental objectives. 

This paper provides the rationale for an examination of for
eign exchange pooling as a viable strategy in the advance
ment of Caribbean integration and in the promotion of ex
change rate stability. The pooling of reserves, however, raises 
several important questions. First, why should reserves be 
pooled in CARICOM? Second, how much reserves should 
be contributed to a common pool? Third, who should be in 
charge of managing the reserves of the pool? The ensuing 
sections of this paper attempt to shed some light on these 
critical matters. Section 1 essentially deals with the question 
of why reserves should be pooled in CARICOM and explores 
the benefits and costs which can result from pooling. The theo
retical rationales for and against reserves pooling are pre
sented, drawing from contributions of Dodsworth (1975, 
1978), Landell-Mills (1989) and Ben-Bassat et al (1992). Sec
tion 2 discusses the question of how much reserves should be 
contributed to a CARl COM pool and examines the benefits 
which accrue to member states under varying pooling con
figurations. Section 3 examines the institutional framework 
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which is needed if a strategy based on pooling is to confer 
benefits to the member states of CARl COM. 

1. RESERVES POOLING - RATIONALE 
AND THEORY 

1.1 Benefits and Costs of Reserves Pooling 

The reserves of a country in a broad sense, consist of its offi
cial holdings of gold and the convertible currency of other 
states. The International Monetary Fund (IMF) defines re
serves as U the resources that are available to the monetary 
authorities for the purpose of meeting balance of payments 
deficits". This definition, includes Special Drawing Rights 
(SDRs) and the reserve position in the Fund. Jager (1979) how
ever, questioned the inclusion of the latter arguing that they 
fail to satisfy the very definition of reserves. In this paper, 
the IMF definition will be utilised although a greater weight 
will be placed on the convertible currency of other states.4 

The pooling of reserves refers simply to the amalgamation of 
the reserve holdings of a set of co-operating entities. 

Countries hold reserves for reasons that arise out of their eco
nomic circumstances and policy priorities. These circum
stances and priorities include imbalances of a financial, cycli
cal and seasonal nature; intervention in exchange markets; 
the smoothing of current consumption and the provision of a 
buffer to cushion the economy against future exigencies 
(Landell-Mills (1989)). The opportunity to pool reserves un
der the umbrella of a monetary union can confer several ben
efits on the member states of CARICOM. First, by belonging 
to a reserve pool, each member state can buy itself uncondi
tional access to the reserves of other member states during 
times of need (Medhora (1992a, b)). Second, pooling may 
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afford member states the possibility of a reduction in their 
reserve variability thereby granting them protection against 
unforeseen variations in the volume of and/ or prices of their 
major hard currency earners. This issue, incidentally, is only 
truly beneficial if the variability in reserves of the entire pool 
is smaller than the variability in the reserves of the individual 
member countries. Third, reserve pooling allows an increase 
in the bargaining strength of individual member countries 
especially as regards negotiations with multilateral institu
tions like the IMF and World Bank. Typically in such nego
tiations, developing countries with limited reserves are forced 
into a weak bargaining position. Fourth, the existence of a 
strong regional reserve fund can give a position of strength 
to regional currencies by lessening the risk of frequent ex
change rate depreciations. This leads in the final analysis to 
fuller convertibility of the respective member currencies. Fi
nally, reserve pooling also confers indirect benefits by foster
ing an environment in which member states can pool knowl
edge, information and exchange technology. This can culti
vate a better understanding of differences and serve to en
hance co-operative efforts between member states (Wadhva 
(1969)). 

It would, of course, be inadequate to focus only on the per
ceived benefits of pooling since contributing to a regional re
serve fund also carries with it certain inherent costs. These 
opportunity costs involve the loss of income which results if 
the reserves were deployed in alternative uses. For countries 
in the Caribbean, reserves have several alternative uses. For 
a start, they can be monetised and utilised by individual mem
ber governments to finance infra-structural development and 
investment in the economy. Alternatively, they can be utilised 
for debt repayment or, in the case of excess reserves, invested 
on the international market in short-term, liquid instruments. 
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Several well-meaning skeptics in the Caribbean suggest that 
the pooling of reserves is an uninteresting proposition since 
arrangements with similar effects (e.g clearing-houses) have 
been attempted with limited overall success. It is useful to 
point out, though, that the clearing house arrangement which 
was undertaken in CARICOM (i.e the CARICOM Multilat
eral Clearing Facility (CMCF)) occurred in the context of a 
pseudo-exchange rate union which delivered no fixed com
mitment on the part of participating members, to discipline 
defaulters. However, a reserves pooling arrangement under 
the umbrella of an independent monetary authority with well
defined operational rules can bring benefits to the member 
countries of CARICOM. 

1.2 Theory of Reserves Pooling 

1.2.1 The Dodsworth Model applied to CARICOM 

In order to analyse the possible contribution of reserves pool
ing to economic integration, this section draws on the frame
""{ork of Dodsworth (1975, 1978) and Dodsworth and Dia
mond (1980). This framework is in actuality a modification 
of the theory of Clubs developed earlier by Buchanan (1965) 
and Ng (1965). 

The model of Dodsworth assumes that members of a, regional 
group are faced in each time period t with a choice regarding 
the financing of payments. Payments, D t ' can either be fi
nanced from current receipts, Ct' if D t < Ct , or from a reserve 
pool, R, if D

t 
> Cf The size of the reserve fund reflects the 

dispersion of D
t 
above C

t 
as well as a risk factor, W, which is 

the probability that illiquidity will arise after a number of time 
periods, n. 
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If the time horizon, n, is arbitrarily fixed at unity, then a trade 
off curve, reflecting the distribution of payments, D t' around 
receipts, Ct' may be drawn between reserves held and the risk 
factor, W. These payments reflect, for CARl COM countries, 
recurrent fiscal expenditure especially on principal and debt 
payments. Receipts are derived primarily from exportation 
of one or two major products (e.g oil, bauxite and alumina). 

Several interesting and relevant conclusions can be gleaned 
from an analysis of the Dodsworth model. First, benefits from 
the reserve pooling arrangement depend not only on reserve 
economies but also on the differences in the preferences (risk 
aversion) of member countries. The larger the differences in 
desired risk factors in a situation of pooling, the more infe
rior will the pooled state be to the unpooled state. Second, 
the savings in reserves will be affected by the choice of the 
common risk factor. If a conservative scheme is adopted that 
requires no member state's risk factor to be increased, then 
the reserve saving element will be reduced and, if there are 
wide differences between factors, may even be negative. This 
situation is more likely if a wide divergence in risk adversity 
is combined with greater correlation between member's us
age patterns (i.e similarity in seasonal and cyclical reserve 
behaviour). Third, the size of the reserve saving will be af
fected by the cost-sharing scheme. Cost sharing schemes 
should be inclined towards requiring the more risk averse 
members of the group to contribute more than a proportion
ate share to the common fund. 

The Dodsworth model provides a useful reference frame for 
analyzing reserve pooling in CARl COM but has some inher
ent limitations. The analysis focuses almost exclusively on 
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the variability of payments and the risk of illiquidity. These 
are, however, not the only factors which affect the demand 
for reserves in the member states of CARl COM although they 
do playa significant role.s Furthermore, the Dodsworth 
model implicitly assumes that future deficits/ surpluses of 
member states will be unaffected by the existence of the re
gional reserve pool. This may introduce a problem of moral 
hazard in which some member countries who are granted 
unlimited access to the reserve fund adopt a profligate ap
proach in their spending patterns. This signals the need for 
operating rules which employ some credit rationing devices 
to force likely" abusers" to exercise a more disciplined stance 
in their foreign and domestic expenditure decisions. The fol
lowing sections utilise insights from the Dodsworth model 
and the work of Medhora (1992a,b) to explore the case for 
reserves pooling in CARl COM. 

2. RESERVES POOLING AND THE RISK 
OF ILLIQUIDITY 

2.1 Potential for Reserves Pooling in CARICOM 

The pooling of reserves offers member states in CARl COM 
the potential to derive two sources of gains. The first of these 
is access to increased reserve holdings while the second is a 
possible reduction in reserve variability. Dodsworth (1978) 
and Medhora (1992a,b) have adopted a notion of coverage 
which incorporates these two sources of gain. This concept 
of coverage is defined as the ratio of reserve holdings to their 
variability. For a single country, coverage in a situation with
out pooling is :-

elf = R; = R; 
, Varb( R;) C7 

(2) 
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where Ri is the reserve holdings in a member state and 
Varb(R) is the variability of reserves proxied by the standard 
deviation of reserves. Suppose that the N member states of 
CARICOM decide to pool a proportion of their reserves by 
establishing a reserves fund. Let Ri (i=1 to N) be random vari
ables which represent foreign exchange earnings of the vari
ous member states. R. is assumed to have mean, ". and vari-, 1"', 

ance, efj' The reserve fund, RP
N

, can be expressed as a linear 
combination of the Rs as follows:-, 

N 

R~ = L4>iRi (3) 
i-I 

where 4>i (0<4>i<1), i= 1,2 .... N, are parameters which denote 
the proportion of reserves that will be committed to the fund 
by each member state. The mean of the reserve fund can be 
written as follows:-6 

[ 

N 1 N N JI.~ = E ttfiRi = ftfiE(R i ) = ttfiJli 

The variance of the pool can be written as 
N 

C1'i/ = L <P; C11+2 II <Pi<PjPij C1iC1j 
i-J i j 

(4) 

(5) 

while the standard deviation of the pool of reserves is:-
N 

C1~ = L<P: 07 +2I, L<Pi<PjPij C1iC1j 
i-J i j 

where 

COV(Ri .Rj) 
Pij= 

UtUj 

(6) 

(7) 

H the R,s are mutually independent so that the Cov (R(R)=O, 
(iifj), the standard deviation of the reserve fund is simply 
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~'I.I/J?C1? . In any given period the coverage that is available to 

a member state of CARICOM under partial reserve pooling 
can be defined as follows:-

tP;R;+(I-tP;JR;+ 2, tPJRJ 
C P = j(;"'J) 

I varb[tP;R;+(1-tP;JRI+ 2,tPJRJ] 
}(/"'J) 

(8) 

The numerator in the above expression represents the reserves 
which each member state has at its disposal. This consists of 
the contribution to the reserve pool, ¢jRj' plus reserves in hand, 
(l-¢)Rj, plus the sum of the contributions of the remaining 
member states, I¢R.. The formulation in equation 8 reduces 
to the following e~p~ession:-

Ri+LCPjRj 
j(i~j) 

Cf=--~~~~-----= 

varb[Ri + L CPj Rj] 
j(i~j) 

(9) 

If reserve pooling is to afford any gains to member states then 
OJ> CUi' The necessary conditions for this to occur are (1) 
{I¢R. } > 0.0 and (2) Varb[R

j
+ I¢R. ] < YarbeR). Coverage 

undef reserve pooling, therefore,J~i1l be higher than that in 
the autonomous state if the variability of the pool is lower 
than the variability of the reserves of each member state sepa
rately, or if increased access to reserves outweighs the higher 
variability of the pool. It should be emphasised at this junc
ture that in this formulation each country has unrestricted 
access to the resources of the pooP As a result, the drawing 
of reserves from the pool by any single member country will 
reduce the coverage that any other member of the pool will 
have at its disposal. 

The pattern of reserve holdings and their variability in each 
member state of CARICOM is indicated in Table 1. The first 
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MEAN STD. COEFVAR 
US$ DEV 

1975 .1991 

ANTIGVA & BARBVDA 16.17 9.76 0.605 
BARBADOS 93.86 42.44 0.452 
BAHAMAS 114.42 52.83 0.462 
BELIZE 22.40 20.79 0.928 
DOMINICA 6.99 5.91 0.845 
GRESADA 13.-13 5.40 0.402 
GUYANA 25.34 33.42 1.319 
JAMAICA 100.61 44.20 0.439 
ST. KITTS & NEVIS 7.18 5.22 0.727 
ST. LlJCIA 17.83 14.78 0.829 
ST. VINCENT & THE 12.96 8.42 0.650 
GRENADINES 
TRINIDAD AND TOBAGO 1241.02 1009.15 0.813 
AVERAGE 139.35 104.36 0.71 

1975·1985 

ANTIGUA & BARBUDA 9.54 3.66 0.384 
BARBADOS 78.71 43.51 0.553 
BAHAMAS 87.33 41.90 0.-180 
BELIZE 9.00 3.29 0.366 
DOMINICA 3.31 2.70 0.816 
GRENADA 10.39 3.74 0.360 
GUYANA 22.40 26.63 1.189 
JAMAICA 82.82 39.74 0.480 
ST. KITTS & NEVIS 3.79 1.54 0.406 
ST. LUCIA 7.87 2.82 0.358 
ST. VINCENT & THE 7.32 3.39 0.463 
GRENADINES 
TRINIDAD AND TOBAGO 1777.26 850.44 0.479 
AVERAGE 174.98 85.28 0.53 

1986.1991 

ANTIGUA & BARBUDA 28.33 2.28 0.080 
BARBADOS 121.62 23.46 0.193 
BAHAMAS 164.10 29.05 0.177 
BELIZE 46.97 15.53 0.331 
DOMINICA 13.74 3.54 0.258 
GRENADA 19.01 2.78 0.146 
GUYANA 30.73 45.86 1.492 
JAMAICA 133.32 33.47 0.251 
ST. KITTS & NEVIS 13.39 3.23 0.241 
ST. LUCIA 36.09 8.10 0.224 
ST. VINCENT & THE 23.29 2.40 0.103 
GRENADINES 
TRINIDAD AND TOBAGO 257.90 140.95 0.547 
AVERAGE 74.03 25.89 0.34 
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column displays average reserve holdings of each member 
state while the second and third columns display the stan
dard deviation of reserve holdings and the coefficient of varia
tions, respectively. This coefficient is a statistical measure of 
the degree of variability of reserve holdings. The variations 
in reserves are analysed for the sub-periods, 1975-1985 and 
1986-1991 and the overall period, 1975-1991. For the overall 
period, 1975-1991, the results indicate wide dispersion in the 
mean reserve holdings of the various member states. For in
stance, the mean reserve holdings of Trinidad and Tobago 
were almost three times that of the combined earnings of the 
other member states. Moreover, the coefficient of variation 
reveals that Guyana, Belize, Dominica, St. Lucia and Trin
idad and Tobago had comparatively higher levels of variabil
ity than the other member states of CARICOM over the pe
riod 1975-1991. When the data is disaggregated into sub-pe
riods an interesting contrast emerges in respect of reserve 
variability. Reserve holdings displayed much greater vari
ability in the first sub-period than in the second for most coun
tries of CARICOM with the exception of Trinidad and To
bago and Guyana. 

Coverage ratios for the members states of CAruCOM were cal
culated based on the expressions for 0i and CUi and are reported 
in Table 2. The first column displays the coverage ratios (CUi) 
that each member state would have enjoyed had it not belonged 
to the reserve pool. The remaining columns show coverage ra
tios under varying pooling configurations. During the first sub
period, 1975-1985, Antigua and Barbuda, Belize, Grenada and 
St. Lucia woulci have enjoyed lower coverage under pooling 
than they would have experienced autonomously. These re
sults demonstrate that even increased access to pooled reserves 
would have been insufficient to compensate these countries for 
accepting the higher variability of other countries in the pool. 
However, the majority of countries would have experienced 
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1975·1991 

ANTIGUA" BARBUDA 1.65315 2.14396 1.87923 1.86115 
BARBADOS 2.16567 2.69552 1.96163 1.89686 
BAHAMAS 2.21116 3.33074 2.02441 1.92299 
BELIZE 1.07778 2.28213 1.89517 1.86797 
DOMINICA 1.18470 1.97073 1.86125 1.85348 
GRENADA 2.48650 2.01030 1.86575 1.85541 
GUYANA 0.75813 2.17011 1.89278 1.86719 
JAMAICA 2.27616 3.01879 1.99020 1.90870 
ST. KITTS" NEVIS 1.37500 1.97564 1.86169 1.85367' 
ST. LUCIA 1.20581 2.19606 1.88514 1.86368 
ST. VINCENT" THE GRENADINES 1.53922 2.07805 1.87257 1.85831 
TRINIDAD AND TOBAGO 1.22976 1.28699 1.52635 1.65208 

1975·1985 

ANTIGUA" BARBUDA 2.60931 2.58876 2.47690 2.46888 
BARBADOS 1.80932 2.66188 2.50776 2.48298 
BAHAMAS 2.08401 3.04090 2.55608 2.50363 
BELIZE 2.73235 2.52025 2.46944 2.46569 
DOMINICA 1.22902 2.47567 2.46439 2.46352 
GRENADA 2.77795 2.51143 2.46849 2.46528 
GUYANA 0.84114 2.99938 2.52594 2.48990 
JAMAICA 2.08384 3.02998 2.55200 2.50179 
ST. KITTS" NEVIS 2.45873 2.50184 2.46723 2.46473 
ST. LUCIA 2.79168 2.53540 2.47096 2.46634 
ST. VINCENT" THE GRENADINES 2.19574 2.54091 2.47169 2.46665 
TRINIDAD AND TOBAGO 2.08981 2.12898 2.28186 2.35572 

1986·1991 

ANTIGUA" BARBUDA 12.41822 6.45008 5.43949 5.36142 
BARBADOS 5.18335 10.51115 6.45238 5.78765 
BAHAMAS 5.64908 7.68914 6.21088 5.71502 
BELIZE 3.02462 4.85877 D0273 5.30612 
DOMINICA 3.88354 5.72658 5.36043 5.32758 
GRENADA 6.83166 7.07524 5.48356 5.37954 
GUYANA 0.67010 2.22744 4.68294 5.03708 
JAMAICA 3.98000 5.93055 5.92252 5.59872 
ST. KITTS'" NEVIS 4.03050 D4635 5.31183 5.30658 
ST. LUCIA 4.45630 5.42168 5.33823 5.31878 
ST. VINCENT'" THE GRENADINES 9.69400 5.99693 3038792 5.33929 
TRINIDAD AND TOBAGO 1.82975 2.24221 3.74522 4.40933 
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higher ratios if reserves were pooled than if they were left un
der autonomous control. For the second sub-period, 1986-1991, 
despite the fact that reserve holdings of most member states 
displayed relatively little variability, there were still gains to be 
made from pooling on account of the increased access to addi
tional reserves. Only two countries - Antigua and Barbuda and 
St. Lucia - displayed coverage ratios under pooling that were 
lower than in the unpooled state. For the entire period 1975-
1991, all countries with the exception of Grenada would have 
benefited from a reserve pooling scheme. In examining cover
age ratios under pooling an attempt was also made to discern 
the extent to which coverage ratios differed under a full pooling 
arrangement than under a partial pooling scheme. The results, 
based on the pooling formula utilised, indicate that a full pool 
delivers lower reserves gains and coverage for the majority of 
countries than a partial pooling arrangement. This is not to sug
gest, however, that a full pool is not beneficial since it does af
ford countries the potential to realise increased coverage. 

To understand the beneficial impact of pooling one need only 
ascertain the level of reserves each country would have had to 
hold in an autonomous state to enjoy the level of coverage af
forded by pooling reserves. Following Medhora (1992a), this 
level of reserves can be computed as follows:-

R*j is the hypothetical level of reserves that each member state 
would have to hold to enjoy the pooled level of coverage, OJ" 
Table 3 presents reserve savings computed if a 10% partial pool
ing scheme had been adopted in CARICOM. In the sub-period, 
1975-1985, the reserve gain, as a percentage of unpooled reserves, 
ranges from 1.87% in Trinidad and Tobago to 256% in Guyana. 
The large percentage gain figure for Guyana is not surprising 
since this country had, throughout the period, a very low level 
of reserves coupled with the highest level of own-reserve 
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1975 -1991 

AN'DGUA & BARBUDA 16.17 
BARBADOS 93.86 
BAHAMAS 114.42 
BELIZE 22.40 
DOMINICA 6.99 
GRENADA 13.43 
GUYANA 25.34 
JAMAICA 100.61 
ST. KITTS & NEVIS 7.18 
ST. LUCIA 17.83 
ST. VINCENT & TIlE GRENADINES 12.96 

1975-1985 

AN'DGUA 
BARBADOS 
BAHAMAS 
BELIZE 
DOMINICA 
GRENADA 
GUYANA 
JAMAICA 
ST. KITTS & NEVIS 
ST. LUCIA 
ST. VINCENT & TIlE GRENADINES 

GUA 
BARBADOS 
BAHAMAS 
BELIZE 
DOMINicA 
GRENADA 
GUYANA 
JAMAICA 
ST. KITTS & NEVIS 
ST. LUCIA 
ST. VINCENT & TIlE GRENADINES 
TRINIDAD AND TOBAGO 

9.54 
78.71 
87.33 
9.00 
3.31 
10.39 
22.40 
82.82 
3.79 
7.87 
7.32 

28.33 
121.62 
164.10 
46.97 
13.74 
19.01 
30.73 
133.32 
13.39 
36.09 
23.29 
257.90 

20.97 
114.40 
175.96 
47.45 
11.65 
10.86 
72.53 
133.43 
10.31 
32.46 
17.50 

9.47 
115.82 
127.41 
8.29 
6.68 
9.39 
79.87 
120.41 
3.85 
7.15 

14.71 
246.59 
223.37 
75.46 
20.27 
19.67 
102.15 
198.50 
17.27 
43.92 
14.39 
316.04 

4.80 
20.54 
61.54 
25.05 
4.66 
-2.57 
47.19 
32.82 
3.13 
14.63 
4.54 

-0.07 
37.11 
40.08 
-0.71 
3.37 
-1.00 
57.47 
37.59 
0.06 
-0.72 
1.29 

-13.62 
124.97 
59.27 
28.49 
6.53 
0.66 
71.42 
65.28 
3.88 
7.83 
-8.90 
58.14 
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variability among the member states. Belonging to, the pool 
therefore would have conferred on Guyana the double ben
efit of increased access to reserves plus a lower level of vari
ability. Dominica, like Guyana, would also have experienced 
a large gain (101.9%) while Barbados and the Bahamas would 
have experienced relatively moderate gains of 47.15% and 
45.90%, respectively. Trinidad and Tobago and St. Kitts and 
Nevis would have gained the least from the partial pooling ar
rangement. In respect of the losses from pooling, these are rela
tively small ranging from -0.68% in Antigua and Barbuda to 
9.6% in Grenada. A similar pattern (i.e. of large gains and small 
losses) emerges when the entire period 1975-1991 is considered 
except that only one country, Grenada, experiences a relatively 
large loss from pooling. 

Two important points emerge from the pooling analysis pre
sented above. First, countries that are likely to gain the most 
are those which display relatively low levels of own reserves 
availability coupled with high levels of variability. Second, 
pooling will not deliver equal reserve gains to all the mem
ber states: there is likely to be some asymmetry in the distri
bution of gains but most countries in CARl COM will derive 
benefits. 

2.2 Risk of Illiquidity 

An evaluation of risk is critical to the success of a reserves 
pooling strategy in CARl COM since recent experiences have 
indicated that large payment imbalances are more than likely 
to be continuing features of these economies. There is, conse
quently, a strong likelihood that claims on the reserve pool 
can be frequent and substantial for the more depressed econo
mies which are unable to access funds from the multilateral 
institutions. It is useful, therefore, to attempt an evaluation 
of the risk of illiquidity for various member territories. 

---------------- Caribbean Centre for Monetary Studies 
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Consider, therefore, a reserve pool in CARICOM which is 
comprised of some proportion of the foreign exchange earn
ings of the individual member states of CARICOM. The risk 
of illiquidity of the pool or the probability that the payment 
deficits of countries will exhaust the holdings of the pool can 
be expressed as follows: 

"" 
Pr[b; >R~]= J p(b;~(b;) 

R~ 

where D, - payment deficit of country i 

R~ - reserve holding of the pool 

or for all member states collectively as :-
"" 

Pr[D~ > R~] = J p(Dfv)d(Dfv) 
R~ 

where D~ - payment deficits of all members 

(11) 

(12) 

whereD~ = L(b; -c;), p(DN),p(bd are probability density 

functions and C
i 
represent current receipts. The calculation 

of the risk of illiquidity hinges, therefore, on appropriate speci
fications of the probability density functions. For instance, if 

p( D;) is Gaussian then 

[ - ] J"" 1 I(D-Ji)2 (-) Pr D· > RNP = e -' - d D 
, R~cr~(21r) 2 cr ' 

(13) 

or alternatively, 

Pr[D; > R~] = 1- Pr[b; :5 R~] (14) 

where 

00 ( _ )2 - liD· - Ji -Pr[D :5 RN
P

] = J e - -' - d(D) 
, R~cr~(21r) 2 cr ' 

(15) 

Problem. and ChaUenge. in Modelling and Forecasting Caribbean Economi .. -------



~Sh~.h~D"~N~k=hD~lg~ ______________________________________ ~l 

A transformation to standard normal form can be utilised to 
enable computations of the risk of illiquidity for each mem
ber territory. Recourse to the Central Limit theorem would 
suggest for equation 15 the following inequality:-

Pr[ Vi ~ R~]=l-a (16) 

where 

A Vi - Jl D A R~ - Jl R' .q= ',R~=--~ 
0' D. 0' R' 

- mean of D. 
I 

- mean of RP 
N 

(17) 

This inequality indicates at a given probability level, the size 
of the reserve fund that the regional monetary authority must 
have on hand to meet the net deficit of each member state. 

Thus the probability that each member state of CARl COM 
can make the pool insolvent can bt:: calculated for given val
ues of D; and RP N" Whereas the normal density may be an 
appropriate characterisation for the deficits of some member 
states in CARl COM, it may provide an inadequate represen
tation for other members whose payment deficits exhibit more 
probability mass in the tails of the density function. For these 
countries, density functions which allow for longer tails and 
a greater degree of skewness may be more appropriate. The 
choice of an appropriate representation of the density must, 
however, involve an examination of the empirical moments 
of the main sources of payment imbalances which arise in 
the member states. Empirical moments utilising these data 
are reported in Table 4. A cursory look at the data indicates 
relatively small skewness coefficients for most of the mem
ber states of CARICOM with the exception of St. Kitts and 

---------------- CaribbeanCenlreforMonetuyStucli .. 



252 TtlUJtmh II F""""",,,,* tor R"..",,,. POD/till in CAR/COM 

BARBADOS 307.48 265.83 0.261 -1.'lO3 

BeJlE 72.66 57.41 0.136 -!.S08 

DOMMCA 3248 31.62 0.696 -1.047 

GRFNADA 0.04 0.03 0.758 .{).633 

GUYANA 975.71 648.51 0.190 -!'s29 

JAMAICA 2748.10 1403.52 0.222 -1.772 

ST. KITIS & t+:VIS 12. 71 12.69 1.335 0.965 

ST.UX:JA 22.52 24.39 1.214 0.269 

ST. V1NC1M'& 0.03 0.05 3.563 14.424 
TIIE<JREIIADtffiS 

1RINDAD& 1052.25 818.81 0.259 -1.432 
TOBKiO 

Nevis, St. Lucia and St. Vincent and the Grenadines. Exter
nal payments outstanding for these countries display a greater 
degree of asymmetry with coefficients of 1.33, 1.21 and 3.56, 
respectively. The coefficients of kurtosis which give a mea
sure peakedness of the data are relatively small for most coun
tries with the exception of St. Vincent where the value of the 
kurtosis coefficient is 14.424, indicating a greater degree of 
leptokurtosis. Nevertheless, the empirical moments suggest 
that the normal distribution may be a relatively good approxi
mation of risk for most of the CARl COM member states with 
the exception of St. Kitts, St. Lucia and St. Vincent and the 
Grenadines. 

Table 5 presents results of the risk of illiquidity among the 
various member territories of CARl COM based on the stan
dard normal form. In calculating these probabilities, it was 
assumed that R~ represents the total reserves of all 
CARICOM countries. Data on External Debt and Reserves 
Problems and Challengeo in Modelling and Forec:aatingCaribbean Economies --------
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COUNIRY 

BARBADOS 

BEUlE 

DOMINICA 

GREN-\DA 

GUYANA 

JAMAICA 

ST. KITTS & r-EVlS 

ST.WCIA 

ST. VlNCENf & 1HE 
GREN-\DlNES 

TRIN.DAD& lOBAGO 

AVGPROB. 
(73-83) 

0.65670 

0.68381 

0.62442 

0.74164 

0.8:J043 

0.60678 

0.59760 

0.69327 

AVGPROB. 
(84.1)1) 

0.93111 

0.94183 

0.90905 

0.96521 

0.98759 

0.89744 

0.89104 

0.94620 

AVGPROB. 
(73.1)1) 

0.77224 

0.79245 

0.74426 

0.83577 

0.89660 

0.72916 

0.72115 

0.79976 

were converted to standard normal form and utilised to com
pute the probability expression in equation 15 for each year 
over the period 1971-1991. The risk of illiquidity was esti
mated by simply subtracting these probabilities from unity 
and averaging across various time periods. The results re
veal marked differences in the risk of illiquidity between the 
various member states of CARICOM during different phases 
of the integration effort. If a pooling strategy were adopted 
in the first decade of the integration movement (1973-1983), 
then the risk of illiquidity would have been substantially 
higher for Jamaica and Guyana than for most of the other 
territories. These countries had estimated risk probabilities 
of 0.830 and 0.742 respectively, compared for instance to val
ues of 0.597 and 0.657 for St. Lucia and Barbados, respectively. 
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For the period 1984-1991, the risk probabilities are much 
higher for all the member states while the deviation between 
the risk estimates is relatively minor. This is indicative of an 
increase in payment difficulties in all the member territories. 
The risk probabilities for the overall period 1973-1991 sug
gest that the larger territories with sizeable external debt pose 
a greater risk of making the reserve pool insolv(;''1t. 

These member countries in any pooling arrangement may 
therefore be required to make proportionately larger reserve 
contributions to the regional fund. 

3. INSTITUTIONAL STRUCTURE FOR 
RESERVES POOLING 

The success of the strategy of pooling will depend critically 
on the environment under which it is adopted as well as on 
the rules and regulations which are crafted to govern its op
eration. In the context of CARICOM it is useful to discuss 
these considerations under the following headings: 

1. Institutional Environment for Pooling; 

2. Objectives and Functions of a Regional Monetary Au
thority; and 

3. Operational Rules, Moral Hazard and political con
straints of a Pooling Scheme. 

3.1 Institutional Environment For Pooling. 

The pooling of reserves needs to be undertaken in an envi
ronment in which there exists a definite commitment to closer 

ProblelN and Challenge. in Modelling and Forecasting Caribbean Economi .. --------



_Sh_~ ___ N_jm_ol_~______________________________________ ~ 

co-ordination of exchange rate, fiscal and monetary policy. 
These conditions represent the rudiments of a monetary 
union. Such a union presumes that a Regional Monetary 
Authority (RMA) will be established to oversee the opera
tions of the reserve pool. This authority should be headed by 
a board of directors which comprises the governors of the 
national central banks as well as finance ministers from the 
participating member territories. The composition of the 
board is important since it creates an atmosphere in which 
central bank governors and national governments can work 
towards the effective co-ordination of policies. It would also 
serve to partially diffuse some of the antagonisms which can 
arise between national finance ministers and their governors, 
since both parties would now have a stake in achieving com
mon objectives. The board of directors sh~uld report to the 
CARICOM Secretariat and should be directly accountable to 
its Council of Ministers.8 

Another matter to be decided relates to the method of voting 
among board members. The issue of weighted versus 
unweighted voting will have a significant impact on the de
cisions of the RMA. Depending on the absolute size of the 
contributions of member states to the pool some countries 
may wish to exercise a greater degree of influence on the de
cisions of the RMA. A system of ' one country, one vote' may 
be needed to ensure a more democratic stance to decision
making which can ultimately be decided by a simple major
ity voting rule. 

To function effectively, the RMA must be an independent en
tity. It should therefore be reasonably insulated from the 
political directorate of the various member territories so that 
it can carry out its task without fear of reprisals. One fonner 
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governor of the Central Bank of Barbados underscores this 
point by noting that too often Central Bank governors in the 
Caribbean and the developing world are confronted with dif
ficult tradeoffs. They must either bow to political pressure or 
face the prospect of losing their jobs when they pursue a tight 
monetary policy stance which runs counter to the spending 
plans of their political bosses. 

A major difficulty with the establishment of the RMA revolves 
around infrastructural provisions for its effective operation. 
The execution of its function would require administrative 
staff, equipment, offices and the like. Whereas this issue can 
only be adequately addressed in the medium term, a short
run solution would involve housing the RMA in one or more 
of the national central banks until provisions can be made for 
a permanent site. The financing of the RMA should be drawn 
from foreign exchange contributions of national central banks 
although the board of the RMA should be allowed to source 
funds from multilateral institutions to boost its resource base. 

3.2 Objectives and Functions of the 
Regional Monetary Authority 

The overall objectives and functions of the RMA will be dic
tated by the form of monetary integration being contemplated. 
In our analysis special emphasis was placed on the impor
tance of the notion of reserves pooling. This is but one activ-
ity in a monetary union in which exchange rates bear a fixed 
relationship with each other and where the national central 
banks submit exchange rate and reserve management to the 
RMA. The RMA will therefore have as its broad mandate, (1) 
to lend assistance to member territories so that they could 
maintain the value of their respective currencies and (2) to 
assist members to undertake sound fiscal and monetary 
PrabI_UId a..u..p.1Il MDIIeIIIna ... d~ ... CarIbbeaa~. -------
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policy. To discharge this mandate, a number of specific func
tions may have to be undertaken. These are listed as follows:-

Collect reserve contributions from member territories. 
Allocate reserve credit to member states. 
Co-ordinate exchange rate and monetary policy. 
Manage the external debt of members. 
Design methods for fiscal harmonisation. 
Collate, analyse and present fiscal, monetary and exchange 
rate data on the member states. 

In respect of the broad objectives outlined, it will be neces
sary to ensure that appropriate boundary rules are laid so 
that no conflict of interest arises between the national central 
banks and their regional counterpart. 

3.3 Moral Hazard, Operational Rules and 
Political Constraints of a Pooling Scheme 

The elimination of situations of moral hazard is of paramount 
importance if the reserve pool is not to become illiquid. Moral 
hazard generally refers to situations in which the actions of a 
fully insured" party" cannot be effectively monitored by the 
insurer. Thus, a relaxation in "due care and attention" can 
occur on the part of the insured party after the insurance cover 
has been granted. In the context of the reserves pool in 
CARl COM, the fact that some countries are granted access to 
an additional source of funds may mean that individual mem
ber states experiencing payment deficit problems may not see 
the need to actively pursue corrective policies since they can 
expect an appropriate level of "insurance cover" from the 
pool. Indeed, the incentive to pursue "inappropriate infla-
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tionary type policies" or to draw down the pool during times 
of economic stress may rise since the member knows that 
belonging to the pool will cover some of the effects of its ac
tions. The likely development of situations of moral hazard 
will depend on the extent to which the Regional Monetary 
Authority can effectively ensure that countries adopt poli
cies which would moderate the size and frequency of claims 
on the reserve pool. If this problem is to be effectively ad
dressed then the following policies9 may have to be actively 
considered:-

1. The employment of rationing devices to prevent any 
single member from becoming a drain on the resources 
of the pool. 

2. Imposition of an upper limit on credit extended to any 
of the given member states. 

3. The granting of credit beyond certain prescribed limits 
on a discretionary basis, conditional on the adoption of 
sound fiscal and monetary policy in the member state. 

4. The use of differential interest charges on varying lev
els of withdrawals from the pool. 

5. Mandating member states to supply information relat
ing to budget deficits, debt accumulation and reserves 
earnings on a timely basis. 

If these suggestions are adopted, then a series of operational 
rules relating to contributions to the pool, credit allocations 
and penalties will need to be developed. In respect of contri
butions, a decision will have to be made on the percentage 
contribution that each member state should commit to the 
regional pool. In the hypothetical pooling scenario presented 
Problema and CIWleapeln ModelJins and FoncHlinSCuibbean Economieo --------
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above, a range of possible pooling configurations was exam
ined. The optimal contribution for each country is likely to 
depend on several factors including the level of reserves 
earned, existing foreign exchange commitments and the de
gree of reserve variability of the member state. The member 
states may therefore elect to contribute varying proportions 
of their foreign exchange earnings to the pool depending on 
their individual circumstances. 

The allocation of credit by the RMA should be based on the 
joint needs of the member territories rather than on the single 
requirements of any individual member. This will ensure 
that no single country can continuously draw from the pool 
without gaining the approval of the other members. The RMA 
will also be required to impose a statutory limit on the level 
of credit that can be extended to any single member in a given 
year. In the event that a member country experiences a re
serves crisis (Le. its reserves fall below tolerable limits), the 
RMA should permit it to draw down its own holdings from 
the pool and may advance additional credit subject to strict 
repayment conditions. 

The RMA will also need to devote resources to ensure that a 
body of enforceable penalties is established. These penalties 
should encompass terms for principal and interest repayments 
on outstanding debt as well as targets for the size of the trade 
and budget deficits in each member state. However, even if 
a body of such penalties is established, it is possible for sev
eral member states to experience major payments crises in 
the same time intervals which may force them to access the 
reserve fund almost simultaneously. A situation should only 
be deemed a crisis for the reserves pool if its holdings of re
serves fall below a prescribed threshold and not when the 
reserves of any single member or group of members fall be
Iowa prescribed minimum. If the former circumstance de-
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velops, the regulations of the RMA should allow it to access 
additional funding from regional, bilateral, and/ or multilat
erallending institutions. 

Several politico-economic considerations can, however, sur
face if such strict operating rules are devised to lessen situa
tions of moral hazard. First, some of the more powerful mem
ber states of CARl COM may be unwilling to leave the deter
mination of credit limits entirely to an independent Regional 
Monetary Authority. Indeed, given the existing pattern of 
debt accumulation in some of the weaker economies, the stron
ger and more powerful economies may wish to be in a posi
tion to lobby for rules to ensure that no large transfers of for
eign exchange are made to the weaker members of the group. 
Second, there is no guarantee that member states will fully 
accept guidelines on expenditure reducing measures in or
der to qualify for additional credit from the pool. Third, the 
use of differential interest rates may convey the wrong signal 
to members - in particular, that the terms and conditions of 
their access to resources to the pool is dependent on their eco
nomic and political status. 

Reserves pooling, therefore, by itself is unlikely to guarantee 
success. If the pooling scheme is part of a regional monetary 
union with the attendant institutional structures encompass
ing an independent Regional Monetary Authority and co
ordinated fiscal and monetary policy, then it may be easier 
for member states to accept the ground rules for the success
ful operation of a pooling arrangement. 

Probl_ ... d ChalIenpa In ModelliD& U\d F_MliDac.ribbua I!amomIea --------



.Sh .. ," .. OII .. N .. i' .. ho .. II._.. ___________________ 261 

CONCLUSION 

This paper has sought to demonstrate that a strategy based 
on the pooling of reserves would have conferred benefits, pri
marily through reserve savings, to the individual economies 
of CARl COM. In particular, those members who enter the 
pooling arrangement with a relatively low supply of reserves 
and a high degree of reserve variability would tend to derive 
greater overall benefit. If the creation of a reserve pool for 
CARl COM is to provide long-term benefit to the region then 
greater effort should be devoted to setting up the right insti
tutional environment for the pool to operate successfully. In
deed, the failure of the CARl COM Multilateral Clearing Fa
cility (CMCF) was due, in part, to the absence of an appropri
ate institutional environment. Such an environment requires 
an institutional structure which encourages monetary and fis
cal policy co-ordination as well as well-defined operational 
regulations for over-seeing the day to day management of 
the fund. 
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ENDNOTES 

1 This paper is an excerpt from Chapter 7 of the author's 
Doctoral Thesis, (See Nicholls (1995». I wish to thank 
Professors Victor Bulmer-Thomas, Chris Milner and Brian 
Hindley for incisive comments on the earlier drafts. Drs. 
Oli Haltia, Penelope Forde, Delisle Worrell and Professor 
Compton Bourne also made useful suggestions. 

2. See Farrell and Worrell (1994) for a fuller exposition of these 
issues. 

3. See Blackman (1981) and John and Forde (1995) for further 
discussions on reserves management. 

4. In Caribbean economies, the United States (US) dollar is 
. the major reserve currency. 

5~ . Attempts have been made in other empirical studies to 
analyse the main detenninants of the demand for reserves. 
(See Bahmani-Oskooee (1985) for a useful survey). 

6 ... SeeRogg and. craig 
. for details on l·e Sl·~dleri~ .. atliot'ls. 
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VOLATILITY PERSISTENCE ON 
JAMAICAN STOCK RETURNS 

Hyginus Leon 

INTRODUCTION 

Stock markets in emerging economies playa vital role in con
stituting markets for the issue of new shares and facilitating 
the transfer of assets and the sale of state-owned enterprises. 
The International Finance Corporation (1993) states that, as a 
group, emerging stock markets had nearly tripled their share 
of world equity market capitalisation in 1992 from 2.5% to 
7%, and provide attractive risk-adjusted returns. Trading 
volume increased twenty five times 1982 levels and listed 
companies account for 40 percent of the listed companies 
worldwide. 

These emerging stock markets are typically characterised as 
fragmented and thin. They generally have high transactions 
costs (especially high minimum commissions) which tend to 
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deter small investors and leave the market under the opera
tion of a small number of large, dominant operators who can 
affect market prices substantially. Bourne (1988) argues that 
these markets tend II to exhibit stock price volatility, stock price 
manipulation and market inefficiency in that some investors 
have a systematic tendency to gain from stock price move
ments". Some of the net effects of market imperiections and 
inefficiencies include reduced mobilisation of small savings, 
the financing of low return investments and inadequate risk 
reduction through diversification. 

An ability to predict variations in stock price movements 
would be important for valuation models which depend on 
some measure of risk or volatility (Chou (1988)), and for port
folio management (for example, hedging strategies (Baillie 
and Myers (1991)). Since Mandelbrot (1963) and Fama (1965), 
researchers have attempted to characterise the stochastic pro
cesses that may be consistent with the observations from de
veloped equity markets that asset returns are approximately 
uncorrelated over time and exhibit volatility clustering. Re
searchers seeking to explain the observed leptokurtosis in 
returns have focussed on the appropriate specification of the 
distribution (stable. student-t, mixed normal - see Blattberg 
and Gonedes (1974:) and Bookstaber and McDonald (1987)) 
characterising the stochastic properties of stock prices. A more 
recent development seeks to exploit non-linear dependence 
in stock returns. The ARCH model (Engle (1982)) and its 
GARCH generalisations (see Bollerslev (1986), Engle, Lilien, 
Robins (1987)) specify the temporal dependence of the condi
tional variance as a linear function of past squared errors; these 
models do not explain the non-linear dependence as a func
tion of other explanatory variables. Despite the voluminous 
literature on ARCH models in finance, applications have fo
cussed on developed equity markets (see Bollerslev et al (1992); 
also, Booth et al (1992) and Stenius (1991)). 
ProblelN and Challenges in Modelling and Forecasting Caribbean Economies --------
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This paper applies the GARCH modelling technique to ex
plain the non-linear dependence in stock returns on a devel
oping country's equity market. It extends the international 
evidence on the applicability of GARCH models, and comple
ments earlier research investigating market efficiency on the 
Jamaican Stock Exchange (see Agbeyegbe (1994), Jackson 
(1986), Kitchen (1986), Koot et al (1989)). In addition, the pa
per provides an initial attempt at modelling the time-varying 
volatility of returns as a function of economic variables. 

The results show that the GARCH technique, wh.ich 
recognises that both conditional means and variances may 
be time dependent, is capable of predicting stock return vola
tility on the Jamaica Stock Exchange. The data support the 
hypotheses that stock returns are correlated and that estimated 
volatility increased over the estimation period. In addition, 
the incorporation of the treasury bill rate and traded volume 
as explanatory variables in the mean return and variance func
tions helps reduce the estimated persistence of the standard 
GARCH model and improves predictive ability. 

Section 1 provides a brief institutional perspective and the 
model structure is described in Section 2. -The empirical re
sults are discussed in Section 3, with conclusions and direc
tions for further research following in Section 4. 

1. INSTITUTIONAL OVERVIEW 

The Jamaica Stock Exchange began trading on February 2, 
1969. Traded securities include common shares, preference 
shares and corporate bonds. Trading is undertaken by bro
ker-members. There are twelve brokerage houses qualified 
to conduct business through the Exchange. The number of 
listed companies has grown from 34 in 1969 to 50 at the end 
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of 1993. The common stock index is a weighted index of shares 
listed on the Exchange based on closing prices and firm 
capitalisation. From a base of 100 in June 1969, the index rose 
to an all time high of 32,421.71 at the end of January 1993. 
The all time low of 35.84 was recorded in February 1978. 

During the first two decades of stock market operations, the 
Jamaican economy experienced long periods of both declin
ing and growing investment climates as the administrations' 
ideological stance shifted from predominantly socialist to 
predominantly private enterprise regimes. There was a pro
longed decline in output growth, general economic uncer
tainty, high inflation, financial sector regulation and a series 
of economic stabilisation programs with the International 
Monetary Fund (see Bank of Jamaica (1985) and Sharpley 
(1984)). As a result, the market experienced periods of both 
large and small price changes. 

At the end of 1993, the Jamaica Stock Exchange had a market 
capitalisation of J$41.9 billion. Total trading volume in 1993 
was 567.45 million (value J$8.35 billion) compared with 395.61 
million (value J$4.69 billion) in 1992. The stock index had 
plunged from a 1992 year-end high of 25,745 to 13,100, a 49 
percent fall compared to the over two hundred percent in
creases in both 1991 and 1992, and market capitalisation de
clined 45.6 percent. In terms of greatest dollar gains, Jamaica 
had moved from the world's best performer in 1992 to a rank 
of 72nd in 1993. A cursory look at returns on the Jamaican 
stock market indicates substantial fluctuations throughout the 
history of the Exchange (see Figure 1). 

2. MODEL SPECIFICATION 

Let DLR be the rate of return on the market portfolio from 
time t-l to t for an information set of past realisations up to t-
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1. In a general model, the rate of return is modelled as a func
tion of a vector of explanatory variables, X, and a disturbance 
term 11. The disturbance term is assumed to follow a moving 
average process, and the innovation, conditional on the in
formation set, follows a specified distribution with variance 
specified as an augmented GARCH process (see Baillie and 
DeGennaro (1990). 

DL~I<l>t-1 = g(X;9)+ Ilt 

J.Lt =£t -Ij=IYj£t-j 

Et\<t>t_1 -n(O,ht) 

ht =f(Et_j,ht_j)+;'Z 

( 1) 

Typically, it is assumed that the mean process is linear and 
the disturbances are innovations which follow a normal dis
tribution. Z is a vector of additional variables explaining the 
variance of the innovation process. Alternative formulations 
of f, the variance function, exist. Subset restrictions on the 
parameters of the general structure define special cases and 
ensure finite variance and stationarity. The above specifica
tion shows that critical components in the modelling process 
include the conditioning sets and the functional forms (j and 
g) of the variance and mean functions, and the distribution of 
the innovation process (see Pagan and Schwert(1990)). 

The GARCH model hypothesises that the conditional vari
ance can be modelled as a function of the unexpected returns 
prior to time t. Bollerslev (1986) defines the GARCH(p,q) pro
cess as: 

(2) 
;=1 ;=1 

whereal""aq' /31 ''''/3p' and a o are constant parameters. The 
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model is well defined if the coefficients of the infinite 
autoregressive representation are all non-negative, and the 
roots of the moving average polynomial of squared innova
tions lie outside the unit circle. In the GARCH(l,l) model, 
the effect of a shock on volatility declines geometrically over 
time. 

Nelson (1991) argues that returns may exhibit asymmetrical 
conditional variance behaviour in that positive and negative 
shocks generate an unequal impact on volatility (see also, 
Black (1976). He proposed an exponential GARCH or 
EGARCH(p,q) model to capture that asymmetry: 

where W j ,f3 j ,y, and a are constant parameters. The terms 
in the equation ensure asymmetry through their coefficients. 
If a coefficient is negative, the variance increases (decreases) 
when the error innovation is negative (positive). Stationarity 
requires the roots of the autoregressive polynomial to lie out
side the unit circle. Since information flows affect portfolio 
selection, different models of predictability of market volatil
ity will have different implications for asset pricing or strate
gic decisions. 

The above variance models are augmented to include the ef
fects of both the treasury bill rate and traded volume on the 
variance of returns. Fischer (1981), Fama and Schwert (1977), 
Campbell (1987) and Glosten, Jagannathan and Runkle (1993) 
use nominal interest rates to predict future volatility. Since 
short-term rates incorporate inflation expectations, they could 
be good predictors of stock return volatility. Booth et al (1992) 
point out that observed distributional and dependency prop
erties of stock returns can be caused either by a non-linear 
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stochastic process or a mixture of independent distributions. 
Karpoff (1987) argues price changes are related to traded vol
ume and that the relationship provides not only insight into 
the structure of financial markets but has implications with 
respect to discriminating between the stable Paretian and the 
mixture of distributions explanations of the observed distri
butional characteristics of speculative prices. The mixture of 
distributions hypothesis suggests that the conditional vari
ance of returns is proportional to volume, with volume 
proxying for some notion of information flow (see also Ross 
(1989». Lamoureux and Lastrapes (1992) found evidence that 
trading volume, as a proxy for a stochastic mixing variable, is 
a significant explanatory variable in the variance equation. 

In this case, Peart (1994) has identified structural change (a 
potential mixing effect) as having occurred in the Jamaican 
financial sector from the mid-1980s. Financial reform from 
the mid-1980s accompanied the structural adjustment and 
macroeconomic (SAM) stabilisation programme initiated by 
the Government of Jamaica in the early 1980s. During that 
period, the Government raised the ceiling on Treasury bills 
from $0.5 bn in 1984 to $7.5 bn in 1993. Further, market par
ticipation increased significantly: mean traded volume in the 
post-1984 period increased to 14.7 million per month from 
0.6 million in the pre-1984 period, and the standard devia
tion in the post-1984 period was 23.1 million compared to 1.0 
million in the pre-1984 period. 

For the mean process, two models are considered: the base 
model is a first-order autoregression in the stock returns, and 
an extended model hypothesises that stock returns follow an 
error correction process with a GARCH error strucutre (ECM
GARCH), reflecting interaction between the equity and trea
sury bill markets. Cutler, Poterba, Summers (1991) argue that 
short term rates are negatively correlated with excess returns 
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on other assets, while Mills (1991) found evidence of interac
tion between equity prices and gilt yields in the UK. Peart 
(1994) states that the principal objectives of financial reform 
in Jamaica from the mid-1980s were "the separation of mon
etary and fiscal policies, elimination of distortions in the fi
nancial market, and the creation of a fiscal and institutional 
environment which would strengthen the capital market". He 
argues that the elimination of the secondary reserve ratio (con
sisting of treasury bills and local registered stock with 
maturities of 90 days or less) requirement facilitated an in
creased role for treasury bills as a deficit financing instrument. 
Treasury bills of different maturities became more widely 
available and rates were market determined, resulting in an 
expanded asset base and promoting a competitive interest 
rate structure. 

In an attempt to capture the interaction between the treasury 
bill rate and equity prices, and between equity prices and 
traded volume, both the treasury bill rate and traded volume 
are incorporated in a unified framework that seeks to iden
tify short-run dynamics, long-run tendencies and volatility 
behaviour. The treasury bill rate and volume are used as prox
ies for mixing variables in the variance function; in particu
lar, the absolute value of changes in the treasury bill rate is 
used to indicate that volatility may be influenced by both 
positive and negative contemporaneous changes in the trea
sury bilI rate. Given the open nature of the Jamaican economy, 
a more general model could incorporate international influ
ences from world financial and commodity markets by fo
cussing on the expected risk of financial distress, and on the 
effects of the structural adjustment in the latter part of the 
estimation period. 

This study compares volatility predictions for four standard 
and four extended models, assuming a linear mean process 
Probl .... and Challenp.1n Modelling and Forecaotlng Caribbean Economleo --------
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and uncorrelated normally distributed disturbances. The 
variance models span non-linear, symmetric and asymmet
ric variance functions. Differences among the various mod
els can be obtained by comparing their news impact curves. 
Engle and Ng (1993) define the relation between the lagged 
unexpected return and the conditional variance as the news 
impact curve since it measures how past news affect current 
volatility. The GARCI-I model is a quadratic function centred 

at f t-I = O. The EGARCH has its minimum at f t-I = 0, and 

MEAN PROCESS 

DLRt = 00 + Lf-I 0jDLRt _ j + J.1t 

GARCH(l,l) 

EGARCH(l,l) 

1 h) f3 1 h Ct_1 [ Icr-d f27] - og( r = a\l + . og( r-I) + Y' ,-;::-- + a ,-;::-- - "';7,. 
...;ht _ 1 ...;hr - I 

VGARCH(l,l) 

NLGARCH(l,l) 
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increases exponentially in both directions with good and bad 
news having differential impacts on volatility. Similarly, the 
nonlinear asymmetric GARCH model (NLGARC1) and the 
VGARCH model are symmetric about £t-I =-y. ht _l , with 
y > 0 implying an axis of symmetry left of the origin. It is 
clear that predictions of volatility will be dependent on the 
model specification chosen. The models (see Table 1) are esti
mated by maximisation of the log likelihood fUllction, using 
the Berndt, Hall, Hall and Hausman (1974) algorithm. For 
the sample period the likelihood function is given by: 

T 

L(¢) = I)I (¢), where II (¢) = -OSloght -o.S£;hl-
1 (4) 

1=1 

3. EMPIRICAL RESULTS 

The data are monthly closing indices for the Jamaica stock 
market index spanning the period 1974:01 to 1994:5. Table 2 
provides descriptive statistics and Figure 1 graphs of the loga
rithm and first difference of the logarithm for the stock price 
index (LR), the treasury bill rate (LTB) and traded volume 
(LVOL). The individual series are approximately normal in 
the levels and non-normal in the first differences. The graph 
of the logarithm of the composite monthly stock price index 
suggested non-stationarity, possibly with drift. The distinct 
cut off after a value of 0.99 for the first sample partial 
autocorrelation and the smooth and slowly declining 
autocorrelation function (value of 0.89 at lag 10) suggested 
first order non-stationarity. The Dickey and Pantula (1987) 
test indicated that the null hypothesis of two unit roots is re
jected for the stock price, the treasury bill rate and traded 
volume, and conditional on that rejection of two unit roots, 
each of the series has one unit root. 
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Mean 6.10 2.11 0.07 0.65 7.01 0.02 

Median 5.70 1.43 0.02 0.20 6.57 .{).OO6 

Maximum 10.39 30.55 1.14 32.21 11.78 3.96 

Minimum 3.61 -26.03 '{).61 -36.96 2.94 -3.24 

StdDev 1.98 7.79 0.50 5.98 1.97 1.04 

Skewness 0.42 0.79 0.29 '{).43 0.41 0.24 

Kurtosis 1.96 5.58 1.90 12.95 2.26 4.40 

Jarcpe-Bcn 18.05 9291 15.87 1014.84 12.52 . 22.23 

InitialOLS regressions of the stock returns on lagged returns, 
monthly dummies and a first-order moving average term in
dicated no significant monthly effects and an insignificant 
moving average term. The partial autocorrelation function 
of the log change of the price index indicated a first-order 
autoregression. The residuals from the first-order 
autoregression revealed no evidence of serial correlation, but 
the absolute and squared residuals had si~ificant first par
tial correlations, suggesting non-linear dependence (see 
Akgiray (1989)). For a covariance stationary series, the un
conditional variance is constant over time. Figure 2A plots 
the recursive estimates of the unconditional variance of stock 
returns for the period. It suggests relative constancy up to 
1984 and an increasing trend for the post 1984 period; alter
natively, the the figure can be interpreted as reflecting a non
linear trend process for the entire period. Non-normality, 
mainly due to leptokurtosis, was also evident. The Jarque
Bera normality statistic decomposed to values of 9.10 and 
192.45 for skewness and kurtosis, respectively, the 5 percent 
critical values being 3.84. The linear dependence in the con
tinuously compounded monthly returns indicates that the 
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reaction of share prices to new information is not immediate, 
and the peakedness in the distribution suggests changing 
variances, possibly related to uncertainty about future gov
ernment policy and economic fundamentals, and the current 
and expected corporat~ decisions. The above statistics con
firm that a model of the observed stock price returns must 
explain the observed autocorrelation in the returns and the 
dependence in the squared returns. 

Given that the series are integrated of order one, the Johansen 
(1988) procedure was used to test for cointegration· between 
prices in the equity and treasury bill markets. One 
cointegrating vector was obtained. The residuals from the 

0.008,...-__________________ ...., 
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vector error correction model indicate an approximately di
agonal covariance matrix, the contemporaneous correlation 
between the two equation innovations being -0.09. The im
pulse response functions (see figure 2B) show that shocks to 
the treasury bill market, reflecting changing economic condi
tions, have a delayed impact on the equity market and are 
completed within eighteen months. Adjustments in the trea
sury bill market are completed in about twelve months. Over 
a two year period, equity prices are largely determined by 
the treasury bill rate, and the effects of treasury bill innova
tions show after the initial interaction between the equity and 
treasury bilI markets have subsided. 

The maximum likelihood estimates for the standard (non
augmented) GARCH mvdels for the period 1974:01 to 1994:05 
are shown in Table 3. The parameters are well determined 
and significant at the 5 per cent level. The lagged condi
tional variance term is significant and positive in every model. 
The magnitudes indicate stable variance functions. The Ljung
Box test for serial correlation in the standardised residuals 
and their squares are not significant at the 5 percent level, but 
the squared residuals indicate some significant 7th and 8th 
lag autocorrelations. All parameters are positive and the con
ditional variances are positive. The VGARCH has the high
est log likelihood. The positive gamma coefficient in the 
EGARCH is small and insignificant indicating that shocks 
have a symmetrical effect on the volatility, but suggests posi
tive return shocks generate more volatility than negative re
turn shocks. 

Engle and Ng (1993) suggest tests of the asymmetrical effects 
of unpredicted errors on volatility. Specifically, the sign bias, 
negative sign and positive sign tests were used. The sign bias 
test indicates whether positive and negative innovations af
fect volatility differently from the models prediction; the nega-
Probl ....... d ChaUenpe III Modellla, ... d Forecuti ... cm ....... EtonomI .. --------
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GARCH(l,l) 

DLRt = 019+ 054 DLRt _, - 031 DTBt_3 - 0.02 ECMt _ , 
(451) 01.49) (4.82) (4.29) 

ht = -D.002+0.04ht_ 1 +056e;_1 +0.02IDTB, 1+0.0005 LVOLt (293) (052)) (4.74) (259) (3.70) 

L = 368.10 5 = 0.32 K = 1.86 Q, (8) = 0.68 Q, (8) = 0.73 Mn =.0003 Mx=.071 

DLR, = 0.005+ 057 DLR,_, 
(1.69) (laSI) 

h, = 0.0004+039 h,_, + 0.81 £;_1 
(2.84) (6.48) (7D9) 

L=350.95 5=U36 K=149 Q,(8)=U65 Q2(8)",0.49 Mn=.0008 Mx=.I09 

VGARCH(l,l) 

DLR, = 017+ 055DLRt-I -0.32DTB'_3 -0.01 ECM,_I 
(4.38) (I a89) (5.67) (4.1 n 

h, =--D.002+0.24ht _ 1 +O.OOIS(E,_I/.,fiC; _0.10)2 + O.02IDTB,1 + 0.0004 LVOL, 
(2.53) (1.91) (445) (0.62) (230) (2.99) 

L=37U2 5=0.18 K=153 Q,(8)=0.32 Q2(8)=0.57 Mn=.o005 MX=.023 

DL~ = 0.007+ 059 DL~_1 
(2.26) (1146) 

h( = 0.0001+ 0.55ht-l + 0.002(Et _ 1/..Jh:; + 0.28)2 
(0.26) (8.14) (6.23) (2.88) 

L=357.18 5=0.28 K=128 (4(8)=0.47 Q2(8)=O.l8 Mn=.0004 Mx=.029 
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EGARCH(l,l) 
DLR, = 0.13+ 0.59 DLR'_I - 028 DrB,_3 - om ECM ,-1 

(3~2) (1207) (4") (3.3~ 

f,_1 ~ IE,-" Iv] I I Inh, =-4.62+0.441nht-l +0.04 r.;- +0.9 r.;- -,,7n +4.33 DTB, +0.17 LV04 
(4.47) (3.49) (0.49) "h,_1 (8.89) ,,11,-1 (2.27) (3.43) 

L=377.01 S=0.21 K=1.48 ~(8)=0.58 Q2(8)=038 Mn=.0005 Mx=.076 

DLR, = 0.006+ 0.60 DLR,_I 
(2.10) (1211) 

-lnh, = -1.30+ 0.761nh'_1 + 0.09~ + 1.08f I~ -E] 
(3.53) (11.78) (1.21) ",ht-l (12.13>1. ",hr-I 

L=354.36 S=0.32 K=137 QI(8)=059 Q2(8)=0.55 Mn=OOO7 Mx=.l42 

NGARCH(l,l) 

DLR, = 0.19+ Oj3 DLRt-l - 0.32 DTB,_3 - 0.02 ECM ,-I 
(454) (I L04) (4.93) (433) 

h, = -0.002+ 0.02h,_, + 052 (c,_1 - O.lOJiCY + O.o2IDTB,1 + 0.0005 LVo.4 
(3.1~ (0.191 (4.20) (0.6$ (2.4ll (3.87) 

L = 36823 S = 0.33 K = 1.83 QI (8) = 0.70 Q2 (8) = 0.76 Mn =.0002 Mx =.062 

DLR, = 0.007 + 0.60 DLR,_, 
(2.34 (1157) 

h, =0OOO4+035h,_1 +0.81(c,_1 +o.nJiC;l 
(2.71) (5.3$ (7.55) (2.78) 

L=353.6O S=0.26 K=I.42 =0.74 =022 Mn=.OOO7 Mx=.124 

1. DLR io the otock return, DTB is the change in the "'eooury bill rate, and LVOL is the "'aded volume. Lis 
the value of the log-likelihood functlon'and S and K are skewn ... and excess kurtosis in the residuals. 
Q,(8) and Q,(8) are the prob-values for the ljung-Box test statistics applied to the residuals and squared 
residuals, reopectlvely; they provide testa for the presence of autocorrelation and Arch effects up to 
eight lags. Mn (Mr) is the minimum (maximum) valu. of the conditional variance, and t"tatistics are in 
parentheses. HCM is the residual of the cointegrating regr ... ion from the Johansen procedure, LR + 5.78 
-4.52"LTB. 

2. The Tr .. oury BUI and EeM coefficients in the m..n function are almost equal to coefficients from equiva
lent OLS models; however, the OLS equation displays significant ARCH heteroscedaaticity and exceoo 
kurWm •. 

3. A flnt order moving average model for the disturbances WOO aloo estimated but had an insignificant 
coefficient. To facilitate comparioono, the alternative GARCH models were estimated on the same infor
mation_. 
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tive (positive) size bias test shows whether large negative 
(positive) innovations are correlated with large biases in pre
dicted volatility. No evidence was found for bias in any of 
the models. An encompassing test of the GARCH versus 
EGARCH was conducted by estimating a conditional vari
ance function that nests both the GARCH(1,l) and 
EGARCH(l,l)) models (See Engle and Ng (1993)). The 
GARCH specification was rejected in favour of the EGARCH 
model. Further, a likelihood ratio test rejects the GARCH 
model against the NLGARCH. The news impact curves for 
both the VGARCH and NLGARCH models attain their 
minima at negative shocks. Except for the NLGARCH (prob
value 0.5), the standardised residual are skewed; however, 
the unconditional variance and kurtosis of the conditional 
variance are significantly lower than the variance and kurto
sis of the squared conditional mean for all models. In each 
case, some excess kurtosis is evident. The standard GARCH 
and NLGARCH models indicate processes that are integrated 
in the variance with trend, thus indicating that shocks to the 
system persist for a long time. The VGARCH and EGARCH 
models do not indicate persistence. 

Table 3 also shows the estimates for the extended models. 
Maximum likelihood estimates of the cointegrating vector, 
obtained from the Johansen (1988) procedure, were used to 
generate the error correction variable. The results show that 
the lagged change in the monthly treasury bill rate (DTB) is 
negatively related to the expected mean of the stock return 
(DLR); also, the absolute value of the change in the treasury 
bill rate and traded volume both have positive effects on the 
variance of stock returns for all models. In each case, the ex
tended model cannot be rejected against the more restricted 
standard model. In contrast to the standard VGARCH and 
NLGARCH models, which have axes of symmetry to the left 
of the origin, the corresponding extended models show im-
Problema and Challeqn III ModeIlIIIsand Forecattl", Cuibbean E<ollllllli .. -------
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pact curves that have axes of symmetry shifted to the origin. 
Therefore, the models only differ in their relative impact re
sponses, that is their slopes at the point of interest. In par
ticular, the GARCH model cannot be rejected against the 
NLGARCH. Further, the persistence factors are reduced sig
nificantly so that the pure autoregressive parameterisations 
of the GARCH models are stable. The reported models show 
no size or sign bias, and both the standardised residuals and 
their squares do not depict any serial dependence. Some 
leptokurtosis remains in each case but at a significantly lower 
level than that of the corresponding conditional means. The 
treasury bill rate and error correction terms are significant in 
the mean function for each model, with the adjustment to
wards the long run relationship being sluggish. The extended 
EGARCH model seems to fit well; the residuals are symmet
ric and have the lowest excess kurtosis. Figures 3a-3d and 4a-
4d show the estimated conditional volatility for the standard 
and extended models, respectively. 

The return variance ratio is a statistic commonly used to indi
cate the amount of return accepted per unit of risk. Since the 
variance and mean functions are time dependent, the time 
varying nature of this statistic may be preferable to the more 
common five year average. Figures 3e-3h and 4e-4h show 
the ratios for the estimation period. The ratios are on aver
age positive but have varied significantly over the period. 

4. CONCLUSION 

This paper provides supporting evidence that stock returns 
on the Jamaica Stock Exchange are autocorrelated and exhibit 
time varying volatility. The linear dependence of the returns 
indicates imperfect utilisation of information flows. A first 
order GARCH process fits the data adequately. It is shown 
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that the predictive content of the models can be improved by 
the incorporation of the treasury bill rate and traded volume 
as explanatory variables in the mean and variance specifica
tions . The results suggest that integratedness in the variance 
of standard GARCH models may be indicative of 
misspecification in the model structure. 

Further research is clearly needed to explore the relationships 
among the stock returns and other monetary and price ag
gregates, to estimate alternative distributional assumptions 
and to question whether international financial and commod
ity market fluctuations have greater impact than internal 
monetary and fiscal policies. In conclusion, the results sug
gest that in the emerging equity market context, a stable 
macroeconomic environment may help reduce some of the 
volatility in the equity market. 
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NOMENCLATURE FOR ECONOMIC STATISTICS 

Christopher Martin Clarke l 

INTRODUCTION 

The main mission of the Research Department of the Central 
Bank of Trinidad and Tobago (CBTT) is that of informing the 
decision making process of the monetary authorities in the 
areas of monetary and exchange rate policy. To this end, the 
Research Department performs the various functions: 

1. continuously monitors developments in the economy; 

2. undertakes basic economic research; 

3. produces forecasts, projections and policy simulations; 
and 

4. disseminates a number of statistical publications to the 
public. 
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These activities are facilitated by a time series repository 
which covers traditional areas such as the national accounts, 
the balance of payments, financial and monetary statistics, 
international trade, labour market statistics and so on. 
Additionally, because of the importance of the petrochemicals 
and petroleum industries in the Trinidad and Tobago 
economy, the Research Department also maintains a relatively 
large database of international price and production trends 
for petroleum, petroleum products and petrochemical 
commodities such as methanol, urea and ammonia. In some 
of these areas (balance of payments, financial and monetary 
statistics) the Research Department is the country's primary 
compiler of the data and also maintains the micro-data sets 
associated with compiling statistics in these areas. In other 
areas (for example, labour force statistics, domestic prices and 
national accounts), the Central Statistical Office (CSO) of 
Trinidad and Tobago is the major compiler while the Research 
Department maintains more aggregate level time series. 

The traditional approach to repository management has been 
to set up and maintain independent production and 
dissemination environments to support each area of 
specialisation. These sub-systems were custom built utilising 
different software tools (for e.g. Dbase IV, Excel/Word) and 
were distributed across different hardware platforms such 
as mainframes, minis and personal computers. The practical 
result was that each domain in the repository functioned as 
if it were an isolated island of information; there was little 
co-ordination and considerable duplication of effort. 

In an effort to deal with the technological aspects of the 
problem, the decision was taken to centralise the 
Department's time series repository in the Forecasting 
Analysis Modeling Environment (FAME). The new system 
called the Central Framework for Economic Statistics (CFES) 

Problemsllld ChaIl<DResln Mocklllnsaad Fom:a!llnRCoribbtaa Ec:_ ----------
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is expected to yield the following benefits: 

1. greater coordination among the specialised units in the 
Research Department; 

2. more extensive automation and integration of data 
capture, processing and reporting activities, 

3. an improved quality control regime; 

4. greater transparency and accessibility to data by end 
users; and 

5. the integ!ation of routine data processing operations 
with "value added" activities such as forecasting and 
econometric modeling 

With such a concentration of data there is always the potential 
for chaos. If the promise of the new environment is to be 
realised, then data must be properly documented and 
organised. In this regard, standard nomenclature, domain 
formation (the grouping of related time series) and 
documentation standards have been identified as critical success 
factors. This paper is primarily concerned with the role of 
standardised nomenclature as a data organisation tool. It is 
divided into four main sections. Section 1 outlines the data 
model which underlies the CFES nomenclature and presents 
an example of its application. Section 2 examines some of 
the problems encountered in applying standardised 
nomenclature to economic statistics in Trinidad and Tobago. 
The final section of the paper outlines the current status and 
the future development of the CFES project. 

----------------- CarlbbeaaCmlftforM'-IIrfStudia 



1. A DATA MODEL FOR ECONOMIC 
TIME SERIES 

Standard nomenclature organises time series data by ensuring 
that while unique names are assigned to each object in the 
repository, they contain common fragments or dimensions 
which identify how they are statistically related to the other 
objects in the repository. A prerequisite for such a 
nomenclature is the assumption that common elements or 
properties can be identified in the information being 
transmitted in time series data. 

Traditionally, this was a rather strong assumption to make. 
However, in recent times, the international statistical agencies 
(United Nations Statistical Commission, the International 
Monetary Fund (IMF), EUROSTAT, Organisation for 
Economic Co-operation and Development (DECO) etc.), have 
been devoting considerable efforts towards the harmonising 
of various types of economic statistics. These efforts have 
resulted in a more unified approach to, and a common view 
of the objectives of all systems of economic statistics. This 
unified approach also ensures that specialised systems of 
economic statistics do not stand by themselves, but rather can 
be viewed as "satellite" systems, unfolding a given set of 
interrelationships, while still remaining closely integrated to 
a common framework" 

The unified approach starts with a re-examination of the 
question "What are economic statisticians really trying to 
measure?". The answer is of course, the effects or results of 
economic inter-relationships. The effects of economic inter
relationships are observable because they result in the 
creation, transfer or extinction of economic value. This means 
that the information carried in an economic time series must 
represent information about the value, price or quantum of 
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either flows (these refer to actions and the effects of events 
taking place within a given period of time) or stocks (these 
refer to a position at a point in time). 

However, the measurement of economic inter-relationships 
is complicated by the fact that economic life generates an 
immense array of elementary flows and stocks. Thus, apart 
from quantifying economic inter-relationships, systems of 
economic statistics also seek to categorise flows and stocks 
so that a clearer picture of economic behaviour would emerge. 
A logical starting point for categorising inter-relationships is 
the question "Who does what with whom?", where who refers 
to the economic agent performing the action - the TRANSACfOR, 
what; refers to the type of action being undertaken - the 
TRANSACfION; and whom refers to the CORRESPONDENT in the 
transaction. 

This classification alloW's one to represent any economic time 
series as an identity or semantic object (see Figure 1). In this 
representation, the Time Series Object has nine properties, 
the first seven which are non-object properties are generally 
standard to the FAME environment while the remains two 
will be the focus of this discussion. In this model the REALNAME 
is an object property which uniquely identifies and relates of 
the Time Series Object to other Time Series Objects in the 
repository. 

The REALNAME object has eight properties. The first is a non
object property called Series Type, which describes whether 
the time series carries information about stocks or flows. In 
fact, the domain for the Series Type property includes 
categories such as stocks, real commodity flows, real non
commodity flows, financial flows, prices and interest rates. 
This is followed by the TRANSACTOR, TRANSACTION and 
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In this model the TRANSACTOR property is defined by three 
non-object properties. The first of these properties, Institutional 
Sector, characterises TRANSACTORS on the basis of the major 
functions that they perform in the economic system i.e., 
consumption, financial intermediation, production, regulation 
and so on. TRANSACTORS classified by function can then be 
grouped into major institutional sectors namely households, 
non-financial corporations, financial corpontions and 
government. The Industry property describes the major 
economic activities that the TRANSACTORS may be engaged in, 
for example, agriculture, retail sales and manufacturing. 
Finally, the Survey Unit property allows for the identification 
of entities such as corporations or establishments. 

THE TRANSACTION object is defined by the following properties 
namely: 

1. Position - This refers to the stock position affected by the flow; 

2. Transaction Type - This refers to the nature of the flow itself 
and determines whether the flow involved the production 
or use of goods and services, was distributive, involved 
financial instruments or could not be classified in any of 
these categories; 

3. Goods and Services - This refers to the goods and services 
exchanged in the course of transacting, and; 

4. Purpose - The purpose of the transaction. 

Finally, the CORRESPONDENT object essentially has the same 
properties as the TRANSACTOR object; however, it is important 
to note that the statistician often does not have as much 
information about the CORRESPONDENT as he has about the 
TRANSACTOR. Thus, in Figure 2 the Unit property has been 
excluded from CORRESPONDENT object. 
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Whereas the first four properties of the REALNAME are 
concerned with categorisation, the final four non-object 
properties in Figure 1 are all concerned with describing how 
the information recorded in the time series was measured or 
acquired. These properties allow for the identification of: 

1. Transaction Specifics - Refers to transaction currencies for 
flows and stocks; 

2. Valuation Basis - Specifies whether the flows were valued 
at market prices or producer prices; 

3. CFES Observed - Describes how the information in the time 
series was observed. For example, a base year -1985 vs. 
1990 - distinguishes constant price series, whereas, "high", 
"low", "median", or "weighted average" can be used to 
identify interest rates or exchange rates; and 

4. Inter Domain Management - Refers to time series on the basis 
of whether they contain entered data (raw or unadjusted 
data from a survey, external publication or another 
statistical agency) or derived data (data that has been 
aggregated or adjusted or seasonally adjusted). 

It should be stressed that the full articulation of these 
properties is not necessary in every area of statistics. For one, 
the statistician may not have all the required information. 
However, in other cases the statistical system itself may de
emphasise certain properties. For example, the main accounts 
of the System of National Accounts (SNA) de-emphasise the 
CORRESPONDENT. In contrast, the CORRESPONDENT property is 
critical to the analysis of monetary, financial and Balance of 
Payments (BOP) statistics. 

This gives rise to a discussion of the AUAS object property. 
This property may be represented as a 'generalisation' object 
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with sub-types specific to the different domains of 
specialisation. The relationship between the REALNAME and 
ALIAS properties is illustrated in Figure 3. The REALNAME has 
fifteen (15) dimensions each of which represents the properties 
of economic time series as discussed above. The alpha
numeric characters in each dimension represent a unique 
coding scheme. As far as possible, the coding system utilised 
in each dimension is derived or based on a well established 
coding system. For instance, the institutional sector coding 
of the system of National Accounts can be utilised for the 
institutional sector; the International Standard Industrial 
Classification (ISIC) can be utilised for industry while the 
Harmonised System (HS) or Standard International Trade 
Classification (SITC) for Goods and Services.

3 

In Figure 3, the series description is "All Foreign Currency 
Loans by a doml:stic commercial bank to foreign central 
governments". The REALNAME provides a lot more information 
about the time series. It is a stock series resulting from the 
actions of financial intermediaries in the commercial banking 
industry. It records an individual commerciaJ bank's 
outstanding balance or position in loans. Note that since it is 
captured in a balance sheet format, the specific transactions 
and services exchanged in arriving at the position are 
unknown. The correspondents in the transactions are non
resident central governments and the Correspondent-Industry 
dimension has been left empty on the basis of parsimony. 
The series covers loans in all foreign currencies without taking 
into account provisions for loan losses. The outstanding 
balance has been recorded in the Trinidad and Tobago dollar 
(TI$) equivalent of the foreign currency. The time series is 
an" entered" series that comes from a survey instrument called 
the CB20.4 

In creating the ALIAS, the domain manager chooses from the 
REALNAME those properties which are relevant only to the Time 
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Series Objects in the domain of interest. Thus, in the example, 
the Survey Unit property proves sufficient to represent the 
TRANSACTOR property because, sector specialists prefer to use 
a dynamic classification system based on factors such as asset 
size and legal status rather than one based on institutional 
sector or industry. In other words, the domain manager is 
constrained to construct REALNAMES for objects by considering 
the generalised statistical context. However, in building the 
ALIAS, the domain manager only considers those properties 
that allow for the management of objects in the domain. In 
this context, issues such as facilitating the aggregation of series 
and sub-series are considered paramount and the ALIAS will 
be constructed with this goal in mind. This implies that the 
dimensions chosen for the ALIAS as well as the ordering of 
these dimensions would change with the different domains. 

The typical end user is not expected to work directly with 
the REALNAMES or ALIASES, or even the dimension coding 
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systems. Special routines will be developed to l:\ide the 
technical details from the user and present a consistent and 
logical view of the data in the repository. This will permit 
users for example, to locate all time series covering particular 
sectors and transactions, and compare price, volume and 
value representations of these series. From the perspective 
of the managers of the repository, the CFES names and 
ALIASeS identify both aggregate and sub-components series. 
Moreover, the coding systems utilised generally wmply with 
national and international standards. This permits the 
development of generalised aggregation and reporting 
procedures that can meet both national and international 
requirements. 

2. NOMENCLATURE IN PRACTICE 

The CFES nomenclature relies heavily on the assumption that 
systems of economic statistics generally have a common view 
of economic actors, their actions and interactions. Indeed, 
complete harmonisation requires all systems of economic 
statistics to define institutional sectors, industries, 
transactions, etc. in the same way. Furthermore, the same set 
of accounting rules and valuation standards should underlie 
all areas of economic statistics. Obviously, taken to its logical 
conclusion, complete harmonisation would do away with 
specialised areas of economic statistics altogether. This is 
unlikely to occur in practice. However, recent guidelines -
the System of National Accounts (1993), the Fifth Balance of 
Payment Manual (1993) and the Manual on Financial and 
Monetary Statistics Annotated Outline 1993) - issued by 
international statistical agencies go a long way towards 
establishing a more coherent approach to traditional 
economic statistics. Even in non-traditional areas such as 
sociat environment and human development indicators, the 
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concepts of social accounting matrices and satellite accounts 
have allowed for the development of new kinds of data which 
still remain closely linked to the generalised framework. 

While considerable progress has been made in the 
harmonisation of economic statistics, domain managers are 
still faced with a number of incompatibilities. In some areas 
the problems are relatively minor; for example, in the Balance 
of Payments (BOP) vs. the Central Product Classification 
(CPC) for service transactions or the SNA vs. IMF treatment 
of financial assets. In these cases, clear mapping rules have 
been established which make the task of the domain manager 
more tractable. In other areas, harmonisation efforts have not 
gone very far and the task of developing appropriate 
classification systems, coding and mapping rules must be 
addressed. 

The task of applying standard nomenclature is further 
complicated by the frequent revisions of standard coding 
systems which form the basis of the nomenclature. In most 
areas, the revision process is well documented and major 
efforts are made to reconcile the "old" and "new" coding 
systems. Unfortunately, this problem is particularly acute in 
areas such as tariff statistics. Tariff classifications tend to be 
arrived at through a process of international negotiations. In 
many instances, statistical agencies are not privy to these 
negotiations and may be the last to be infonned about changes 
in tariff schedules. The compiling agency is then faced with 
an enormous re-coding problem. This situation also limits the 
capacity of agencies, like the Research Department of the 
CBIT, to maintain consistent time series on trade and tariffs. 

These kinds of problems are considered to be fairly uniyersal. 
However, in the specific context of statistics Trinidad and 
Tobago, the application of data management techniques like 
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standardised nomenclature is complicated by data deficiency 
problems.5 Forde (1989), noted that there were serious gaps 
in the country's ability to produce timely, accurate and 
relevant statistics and attributed these problems to severe 
resource constraints and, more importantly, to the lack of 
coherent national policies on information and statistics. The 
end result of this situation is a high level of disorganisation 
in the way in which some types of economic statistics are 
conceived, collected, compiled and disseminated. In some 
cases, different agencies may be responsible for particular 
types of statistics. Often, little effort is made to harmonise 
the definitions for institutional sectors, industries, accounting 
rules and valuation standards. The problem is most acute 
when the agency producing the" statistics" is really meeting 
some statutory requirement to publish administrative data. 
In other cases, severe resource constraints mean that 
compilation and dissemination guidelines are often woefully 
out of date and totally at variance with the concepts 
underlying the nomenclature. 

Even when the agencies concerned are more sophisticated, 
the existence of "islands of information" can create serious 
disharmonies between the various production environments. 
This is best illustrated with a specific example. In the 1970s, 
the Trinidad and Tobago System of National Accounts 
(TTSNA) was developed to address concerns that the structure 
of the domestic e ... onomy was not being adequately 
represented by the System of National Accounts (1968). One 
of the negative innovations of TTSNA, was the fact that it led 
to the development of a system of industrial classification 
which was incompatible (at the four digit level) with ISIC 
(Revision 2). At the same time, statistics on industrial 
production continued to be compiled, disseminated and 
analysed using an ISIC-based classification (see in particular 
the Trinidad and Tobago System of Industrial Classification -
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1985). Thus, in an effort to meet the demands of all end-users, 
two sets of four digit level industrial production time series 
have to be set up and maintained. This unfortunate situation 
has been repeated in many other areas and can only be 
resolved though more effective co-ordination. In a bid to 
resolve such problems, the Research Department has entered 
into dialogue with a number of other agencies. 

3. CURRENT STATUS AND FUTURE 
DEVELOPMENTS 

The FAMEjCFES project commenced earnestly in January 
1995 as a joint undertaking of the Research and Management 
Information Systems (MIS) Departments of the Central Bank 
of Trinidad and Tobago. The project group has been able to 
achieve the following: 

1. Migration of over 20,000 monetary time series from the 
mainframe based Financial Returns System (FRS) to the 
F AMEj CFES environment; 

2. Migration of over 3,000 /I domestic production" time 
series from EXCEL; 

3. Development of basic data processing systems for the 
CBrr Monetary Surveys which cover: 

(i) Data capture - Both ASCII file data capture and 
traditional data entry screens are supported. The 
ASCII file loading programs have been developed 
using the FAME 4GL while the data entry screens 
have been developed using FAME Windows; 

(ii) Editing - The availability of the time dimension 
has enhanced the scope of the editing process. 
Routine consistency (zero sum) and range checks 
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now span the twelve periods instead of a single 
period in the traditional edit reporting system. 
Graphical elements have also been added to the 
reporting of some range edits. This graphical 
view has greatly added to our ability to spot 
outliers in the data; 

(iii) Imputation - The availability of extrapolation and 
time series forecasting techniques (such as Linear 
Extrapolation, ARIMA, Leading Indicators, etc.) 
in the FAME environment means that 
sophisticated procedures can be easily developed 
to treat with the problem of non-response; 

(iv) Reporting - These reports, developed using 
FAME Postscript reporting, take the form of 
"workbooks" and are designed to show 
information at both the industry and institution 
level. 

4. Development of prototype applications that support 
querying, ad-hoc tabulations and graphing. 

The Research Department's medium term plans (to the first 
quarter of 1996) for the FAMEjCFES environment include: 

1. The automation of the domain building and multiple 
dimensional space management; 

2. Implementation of solutions to permit multiple users 
to update FAME databases; 

3. Migration of Quarterly Real Gross Domestic Product 
system from EXCEL to FAME and implementation of 
FAME - X11- ARIMA link; 

4. Production of the Research Department's publications 
using FAME and FrameMaker. This will allow the 
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Department to develop and disseminate electronic 
versions of its publications to meet the needs of its 
internal readership; 

5. Linking of F AMEj CFES with econometric modelling . 
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SEASONAL ADJUSTMENT SYSTEMS 
FOR PRACTITIONERS IN THE CARIBBEAN: 

LESSONS FROM THE TRINIDAD AND TOBAGO ExPERIENCE 

Christopher M. Clarke 
and 

Michelle Francis 

INTRODUCTION 

Seasonal adjustment is done to simplify data so that they may 
be easily interpreted by statistically unsophisticated users 
without significant loss of information. (Bell and Hillmer 
(1984), p.301). 

The Central Bank of Trinidad and Tobago's (CBIT) experi
ence with seasonal adjustment dates back to the late seven
ties. Indeed, the study by Farrell and 500 Ping Chow (1983) 
is probably the most comprehensive of those on seasonality 
that have been produced so far in the region. The CBIT was 
also among the first official statistical agencies in the region 
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to regularly publish seasonally adjusted numbers (over the 
period 1981 to 1992). Yet, an examination of the CBIT's cur
rent economic reporting reveals that systematic use and analy
sis of seasonally adjusted data are confined exclusively to the 
reporting of the Bank's Quarterly Real Gross Domestic Prod
uct (QGDP).l The publication of seasonally adjusted mon
etary numbers was discontinued in December 1992. Indeed, 
this was the second time that the CBIT stopped publishing 
its seasonally adjusted monetary numbers on /I technical" 
grounds. The latest interruption in the CBIT's seasonal ad
justment program represents a critical gap in the country's 
statistical database, given the increased demand for timely 
short term analysis of economic developments brought about 
by the requirements of managing structural adjustment and 
liberalisation programs. In the absence of officially sanctioned 
seasonal numbers, policy makers have been bridging the gap 
with ad-hoc methods and techniques. Past experience tends 
to show that such an approach usually fails to provide very 
reliable data. Consistent, reliable and plausible seasonal num
bers can only be developed within the context of a systemic 
approach to the issue of seasonal adjustment. 

This paper addresses the critical success factors for seasonal 
adjustment systems. In this context /I success" is achieved 
only if as large a group of interested parties as possible - that 
is, not only central bank economists or trained statisticians, 
but also government officials, journalists, students and even 
politicians - have the confidence in and are able to analyse 
the numbers intuitively. Thus, Section 1 comments briefly 
on a number of practical issues which should be addressed in 
seasonal adjustment systems. These include the basic pro
cesses that need to be put in place, the type of data process
ing environment and quality control regime required and fi
nally the important but often overlooked issue of marketing 
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the seasonally adjusted data. Section 2, examines the issue of 
choosing an adequate seasonal adjustment technique from 
among the numerous techniques available. A number of 
simple tests were applied to six time series drawn from key 
areas of economic reporting. The final section of the paper 
presents a summary of the major findings and some sugges
tions for future research. 

1. STRUCTURING SEASONAL ADJUSTMENT 
SYSTEMS 

This section of the paper draws heavily on insights gleaned 
from an earlier study by Clarke and Francis [1994] which ex
amined why CBIT's seasonal numbers failed to win wide
spread credibility and acceptance by the user community. 
Aside from pointing to a number of environmental factors 
and technical weaknesses in the previously published sea
sonal numbers, the major finding of this study was that these 
efforts had failed not because of a lack of technical sophisti
cation, but rather because the statisticians did not appreciate 
the scope of the seasonal adjustment process. These earlier 
efforts tended to approach the issue as a " one shot" academic 
exercise so that while the initial investigations may have been 
of high quality, the work was usually confined to relatively 
few time series, and even fewer of these were actually pub
lished. This meant that analysts never had the critical mass 
of seasonally adjusted data required to examine short trends 
in the economy. Moreover, once the initial studies had been 
completed, the Bank did not devote sufficient human or com
puter resources to the seasonal adjustment programme. In 
addition, no quality control systems were put in place to en
sure that the seasonal numbers remained plausible in light of 
structural changes in the economy. The net result was that 
the reliability of the seasonal numbers and eventually the rel-
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evance of the whole exercise were called into question. The 
requirements of a successful seasonal adjustment system es
sentially flow from this analysis. The basic processes involved 
in seasonal adjustment are presented in Figure 1. 

The most fundamental process in the seasonal adjustment 
system is retrospective analysis. In this process, the analyst 
determines the major components and charactedstics of the 
series, chooses the best available adjustment technique or 
model, and obtains one year ahead seasonal factors to utilise 
in the current analysis process. The major inputs into this 
process include:-

1. The time series over a defined time interval including any 
sub-series; 

2. Any related series (such as weather for series covering 
the production of agricultural commodities) and if avail
able micro time data (i.e. weekly or daily data on the se
ries); 

3. Metadata or data about the series itself. Basic time series 
meta data covers information on sources, units of measure
ment and so on. In historic analysis, the scope of the 
metadata set is extended to include information on issues 
such as special conditions related to the collection, pro
cessing and reporting of the economic surveys which 
underlie the data. Experience has shown that these pecu
liarities (e.g., changes in methodology or rebasing) tend 
to cause discontinuities in the data. Additionally, a chro
nology of the events which may have affected the time 
series over the period and the analysts' knowledge of the 
characteristics of the series under investigation should also 
form part of the metadata set. The net result is that the 
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reasons for the fluctuations in economic activity over the 
months of any given year are fully described; 

4. An appropriate set of seasonal adjustment techniques or 
models for testing or experimentation. 

The major outputs of this process include estimates of the 
behaviour of the components - Seasonal (5), Trend (T), Irregu
lar (I) - of the series (and sub-series) over the historical pe
riod. In some cases it may prove useful to segment the series 
into homogeneous intervals to distinguish the effects of un
usual events and to examine the characteristics of the compo
nents in these periods. Also, the most appropriate adjust
ment technique and forecasts of seasonal factors for the one 
year ahead period are obtained. The latter are major inputs 
into the current analysis process. In Section II, a number of 
simple tests which may assist in the choice of the most appro
priate adjustment technique are presented. However, it 
should be noted that choosing among the more well-estab
lished techniques (such as, Census XU, XU- ARIMA or 5ABL) 
is not likely to be a simple matter, because some techniques 
perform better on some tests than others. It may thus be im
portant to attach weights to the tests that best represent the 
statistical agency's philosophy on its published statistics and 
its evaluation of the sophistication of the user community. 
For official statistical agencies like Central Banks, the relevant 
questions to ask of any seasonal adjustment method include:-

1. Is the software commercially available? How easy is it to 
program? 

2. Is it easy to explain to non-technicians? 

3. Is it widely used by other statistical agencies? 
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4. Are the estimates of the seasonal components stable when 
new data is added? 

5. Does it work well on a number of series from different 
areas of the economy without major prior adjustment? 

1.1 Current Analysis 

This represents the routine aspect of the seasonal adjustment 
program. Data is continually generated for the series and its 
components in each month or quarter. These data are sea
sonally adjusted using either the one year ahead seasonal fac
tors generated from the retrospective process or /I concurrent" 
seasonal factors based on the new data. If the latter method 
is chosen, then revision analysis must be conducted every 
reporting period. It is important to analyze both the adjusted 
and unadjusted series to examine period to period changes 
or changes over longer periods. Furthermore, the analyst 
needs to determine whether the behaviour of the series is in 
line with current events and conditions and also whether any 
similarities (or differences) to the past exist. This serves as an 
initial quality control measure designed to trap short term 
shifts in the seasonal patterns as well as to identify unusual 
periods, outliers and the like. 

1.2 Updating 

This builds on the initial quality control checks established in 
the current analysis by repeating retrospective analysis from 
time to time, usually after a complete year of data is avail
able. An important aspect of this process is revision analysis 
which is critical if periodic reporting is chosen. In periodic 
reporting, the seasonal factors are revised on an annual basis 
and historic seasonally adjusted data are also revised in light 
of updated seasonal factors. In such a system revision analy-
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sis serves to illuminate the adequacy of the initial model cho
sen for seasonal adjustment. In the case of concurrent report
ing, updating is actually built into the current analysis pro
cess as seasonal factors are revised every reporting period 
(i.e. there is no reliance on year ahead seasonal factors). Con
current adjustment is only practicable in the context of a highly 
integrated and flexible environment since the processing cycle 
is reduced to a single period. 

1.3 Data Processing Environment 

It should be quite evident from our discussion of processes in 
a seasonal adjustment system, that such a system would re
quire either a large cadre of analysts or statisticians or, alter
natively, a very sophisticated, automated processing environ
ment characterised by a high degree of integration. In such 
an environment, primary data capture, the aggregation of time 
series data, seasonal adjustment and routine reporting and 
analysis are tightly integrated. Ideally, this system should 
also be linked to time series forecasting or econometric mod
elling systems. It is only within such a context that the pro
ducers of the seasonal numbers can obtain feedback on the 
plausibility of the results of the seasonal adjustment process, 
as well as apply it as widely as possible. Moreover, formal 
quality control systems can be more easily implemented in 
such an environment. In other words, an integrated produc
tion, reporting and analysis environment will involve an op
timallevel of interaction between the practical and the theo
retical and is likely to result in a very responsive program of 
seasonal adjustment. 

1.4 Marketing Seasonal Numbers 

The success of the seasonal adjustment program is measured 
by the degree to which policy makers and other non special-
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ists like journalists and government ministers have the confi
dence to use the seasonal numbers intuitively. Given the rela
tive lack of statistical sophistication of this client base in the 
Caribbean context, any statistical agency producing seasonal 
numbers will have to actively stimulate the demand for these 
data. In this regard, the following steps should be given ac
tive consideration. 

First, seasonal adjustment should be applied to key data in as 
many areas as practicable. The availability of reliable sea
sonal numbers across all areas of economic statistics will con
tribute to the improvement of the in-house technical analysis 
of the economy; also other interested parties (the press, stu
dents etc.) will be better informed about the short run move
ments in the economy. 

Second, aside from the choice of an adjustment technique, 
other technical issues should be given careful consideration 
such as the timing of revisions (which should be standardised 
across the system); direct vs indirect adjustment; and the" add
ing up" problem. With regards to the latter, while additivity 
is a desirable quality of seasonally adjusted monetary data, 
this may be less relevant in the analysis of seasonally adjusted 
retail price data. 

Third, statistical agencies should change the way economic 
data are tabulated or presented. Consideration should be 
given to the presentation of both seasonally adjusted and 
unadjusted series in the same table once there are marked 
seasonal patterns in the data. Such a presentation would serve 
to clarify the analysis. Additionally, where relevant, 
annualised growth rates and moving average growth rates 
based on de-seasonalised data should also be presented, as 
these measures serve to highlight the trends in the series un
der investigation. These tables should be supplemented with 
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"indicator" tables which contain movements in the major sea
sonally adjusted indicators. Clarity may also be improved if 
charts highlighting the trends in the series are presented along 
with the statistics. These practices have been successfully 
adopted by several other le<tding statistical agencies such as 
the Bank of Canada, the Federal Reserve Board and Her 
Majesty's Statistical Office (HMSO) in the United Kingdom. 

Finally, an effective regime of quality control is a critical com
ponent of a seasonal adjustment system and indeed all statis
tical processing systems. It is important to note that while 
the diagnostic assessment performed by seasonal adjustment 
software is an important quality control tool, experience has 
shown that more is required. Rizki (1993) notes the reliabil
ity of any system of published economic statistics can be as
sessed by its revision performance. This is so because good 
statistical systems are continually engaged in updating and 
revising past data. These revisions arise from a number of 
causes such as, receipts of more comprehensive data, changes 
in estimating procedures, revisions due to seasonal updating 
and so on. Thus, if the statistical data is continually being 
revised for these reasons and these revisions are relatively 
small then it can be assumed that the level of quality assur
ance is high. Indeed, one can argue that the initial estimates 
of the economic indicators were unbiased. When this is not 
the case then decision makers will be misled about develop
ments in the recent past and soon lose faith in the seasonal 
numbers. 

2. TESTING SEASONAL ADJUSTMENT 
METHODS 

Over the years several seasonal adjustments programs have 
been developed for detecting and isolating seasonal varia
............ CWJaopaID ...................... CorIIJbtaa __ ----------
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tions in economic time series. In this paper six of these meth
ods have been chosen for testing based on the availability of 
the software and the popularity of the method. The methods 
examined in this section are :-

1. Fixed Additive Method 

2. Fixed Multiplicative Method 

3. Census Method 1 (or Ratio - to - Moving Averages 
Method) 

4. Census Xll 

5. Xll-ARIMA 

6. SABL (Seasonal Adjustment Bell Laboratories) 

With the exception of the Xll-ARIMA, all these techniques 
are mechanical in nature and therefore adjustment of the vari
ous series by these methods is carried out in conformity with 
the same rules, without the specific characteristics of the in
dividual series playing a part. Indeed, most of these meth
ods represent improvements to the simple ratio to moving 
average method. By contrast, in the Xll- ARIMA method, an 
appropriate ARIMA (p,d,q)x(P,D,Q) serves as a starting point 
for the analysis. This method is simply an extension of the 
basic Census Xll framework in which an ARIMA model is 
used to provide symmetrical weights to the observations at 
the beginning and at the end of the series. Moreover, when 
large numbers of time series must be adjusted, it is common 
to leave the choice of the ARIMA model up to the software 
package. In other words, Xll-ARIMA as applied in practice, 
has a lot more in common with the mechanical adjustment 
methods than the model-based or structural approaches. The 
heuristic nature of the mechanical models means that the sta-
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tistical properties of the techniques are not fully determined, 
so that these methods cannot be judged unambiguously by 
sharply defined formal statistical criteria. In what follows, 
each method is described briefly and this is followed by a 
discussion of its application to three actual Trinidad and To
bago macro-economic series. 

2.1 Methods of Seasonal Adjustment 

2.1.1 Fixed Additive Method 

In this method seasonal adjustment is based on the following 
additive model:-

where Tij is the centered 12-month moving average trend cycle 
component of the series Yii and i,j represent the year and 
month, respectively. The means of the difference between 
the trend-cycle component and the original series is calcu
lated for each month to determine the preliminary seasonal 
component Sj'. The seasonal components are then derived 
from the preliminary component as follows:-

, , 12 ' 
Sij =Sj --LSi 

12 i=1 

12 
where LSi = 0 

i=j 

The irregular component is then derived as I.. = y .. - T.. - S .. and sc I) I) I) I) 

the seasonally adjusted series y.. is calculated as 
I} 
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2.1.2 Fixed Multiplicative Method 

This method assumes the following multiplicative form:

Yij = Tij,sij.iij 

where again Tjj (the trend-cycle component) is the 12-month 
moving average of the series Yi" ' as it is in the {i.(ed additive 
method. However in multipli~ative adjustment, the size of 
the seasonal as well as the irregular component is propor
tional to the trend value of the data. This relationship be
tween the seasonal component and the series is expressed by 
the seasonal index s .. , where 

IJ 

Sij =[1-~lYij 
sij 

Like the fixed ~dditi:e metho~, for each month i, the preIX'.. '
nary seasonal mdex IS determmed as the mean of Sij.iij = Yq T .. 

1/ 

This seasonal index can be expressed as:-

Sij = S; = S; , for all ij 
1 12 

-LS; 
12 ;=1 

12 
where LS; = 12 

;=1 

The seasonally adjusted index is calculated as 

sc S %if Y = y .. - . = ij 1/ I Sj 

and the irregular component is given by 

J.. = Y~c - T·· = (1-XJ%if 1/ I) I) J.. S. 
I) I 

where iij = Yij/( ., .) /(T,),s, 
------------------ Carib ...... CeDlICfo<M_IIryStucIIa 



1.2.3 Census Method 1 

This method was first developed at the Bureau of Census in 
1954 to seasonally adjust economic time series. The seasonal 
and error variance is removed by calculating moving aver
ages whose number of terms equals the periodicity of the time 
series under investigation. This procedure removes season
ality and reduces the unsystematic error throughout the se
ries. This moving average is used as an estimate of the trend
cycle component. The ratio of the original series to the trend
cycle component is then calculated so that the seasonal and 
error components can be isolated by a process of averaging 
to obtain the pure seasonal component. 

1.2.4 Census X 11 

The XU variant of the Census Method II as outlined in Shiskin 
et. al. (1967), was developed at the U.S. Bureau of the Census, 
and was adopted since 1965 as their standard seasonal ad
justment program. Like previous methods, this method is 
based on the ratio-to-moving average technique. The Cen
sus XU method offers a choice between additive and multi
plicative models and can be applied to both monthly and 
quarterly time series. Moreover, the procedure contains op
tions for adjusting for trading-day variations and provides 
for the treatment of outliers. Despite the extensive options 
available, calculations in practice are based on standardised 
procedures. 

The Census XU method is widely used in practice because it 
can be easily applied to a variety of economic time series. 
However, in spite of its ease of maneuverability, some criti
cisms have been leveled against the method:-
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First, the procedure is not based on any statistical model 
or method. The absence of an underlying model is thought 
to be a serious deficiency as it prevents clear statistical 
interpretation of the results. Cleveland and Tiao (1976) 
have attempted to provide a stronger statistical base for 
the method. 

Second, the Census Xll Method tends systematically to 
underestimate the changes in the seasonal patterns at the 
beginning and at the end of the series. 

2.1.5 Xll-ARlMA 

The Statistics Canada Xll-ARIMA method of seasonal ad
justment was first developed by Dagum in 1975 and updated 
in 1978 and is an extension of the Census Xll method. This 
method is thought to have two major advantages over other 
linear smoothing techniques, namely:-

(a) it offers an ARIMA model for the series; 

(b) it minimises the revision of the seasonal in mean square 
error. 

The Xll-ARIMA models the original series by fitting an 
ARIMA (p,d,q)x(P,D,Q) model, and extends the series at both 
ends by , forecasting' and 'backcasting'. Two options are avail
able in the software package for model selection. The first 
utilises an automatic model selection, while in the second, 
the analyst can determine his own ARIMA model. This pa
per adopts the first option i.e. automatic model selection. The 
X11-ARIMA software mechanically tests the following three 
alternative models: 
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(0,1,1) x (O,l,l)s 
(0,2,2) x (O,l,l)s 
(2,1,2) x (O,l,l)s 

For each of these models the program checks whether the 
model yields an adequate description of the series and 
whether reliable out of sample forecasts were generated for 
the last three years of the sample period. The ARIMA model 
is rejected if the mean absolute forecast error is more than 5 
per cent for normal series or more than 12 per cent for vio
lently fluctuating series. The usual Box-Pierce test is con
ducted on the residuals to test for independence of the error 
terms. The method of automatic model selection has been 
criticised by Fase and Den Butter [1991], largely because it 
has been unsuccessful in the majority of cases. Moreover, in 
many of the time series, examined, the best automatic model 
differed substantially from the best judgment based selection. 
However, Fase and Den Butter noted that in these instances 
the seasonal factors based on automatic selection were always 
more stable than those obtained by judgment selection. In
deed, where statistical agencies use the Xll-ARIMA for ad
justing a large number of time series the judgment option is 
only resorted to if the automatic option fails. These points 
may be taken as a weak justification for the use of the auto
matic option in this paper. 

Whatever the option chosen, the ARIMA model is simply used 
for extrapolation and the resulting series is then seasonally 
adjusted by applying various linear filters of the Xll type. In 
addition, the software also provides an option for applying a 
centered 24-term filter instead of a 12-term filter to estimate 
the preliminary trend-cycle component. This new filter gives 
better results for series strongly affected by short cycles or 
sudden changes in trend . 
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2.1.6 SABL Method 

The SABL procedure, like the Census Xll method employs 
the technique of repeated filtering, to decompose the original 
series into its usual three components. Unlike the Census 
Xll method however, its filters are more robust, thereby 
avoiding over adjustment at the beginning and end of the 
series. An important difference in the SABL method is that it 
employs moving medians rather than moving averages. The 
SABL method incorporates an option to apply the Box-Cox 
(1964) power transformation which allows for intermediate 
forms of adjustment (i.e. between an additive and a multipli
cative specification). In this paper however, in order to en
sure that no method is given undue advantage over the other, 
the optimal transformation option was not selected. Instead 
a log transform was applied to all series that were adjusted 
multiplicatively and no transformation for those series ad
justed additively. Another important feature which distin
guishes SABL from Census X11 is its extensive use of graphic 
displays as tools for analysis and diagnosis. This proves par
ticularly useful when analyzing seasonality in a small num
ber of series.(see Butter and Fase (1991), p. 75). 

2.2 Description of Time Series 

The seasonal adjustment methods described above were ap
plied to three different macro-economic series, one of which 
was chosen from the monetary sector. The other series were 
chosen from the real sector. The three series considered for 
analysis were:-

1. Broad Money Supply M2 (TI$Mn), monthly (1982:1 
1993:12) 
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2. Local Sales of Cement ('ODD tonnes) monthly (1982:1 
1993:12) 

3. All Items Sections of the Index of Retail Sales (Avg. 1979 
= 100), quarterly (1982:11993:4) 

As a first step in assessing the effects of the application of the 
various seasonal adjustment techniques on the series, the 
original series were first plotted and an attempt was made to 
identify any distinct seasonal fluctuations in the data., Chart 
1.1 presents the broad money supply (M2) for selected years. 
During the period 1982:1 to 1993:12, consistent seasonal highs 
were recorded in September and December and to a lesser 
extent in June. In addition, between 1984 and 1993, seasonal 
highs were also observed in March. Seasonal lows occurred 
in October in the earlier years of the series (1982 -1989) and 
thereafter shifted to November. The December high reflects 
the corresponding high in the currency series. The year 1988 
appeared to be an abnormal one; in that year an uncharacter
istic seasonal low was recorded in December. This probably 
reflects the fact that in that year, Trinidad and Tobago was in 
the midst of a deep recession, which may explain the atypical 
pattern of low consumption in the holiday season. 

The other seasonal variations in the series reflect the move
ments in the commercial bank deposits series. For instance, 
the March high possibly reflects the accumulation of demand 
and savings deposits in the period of low rates of private con
sumer spending. The June, July high could occur because of 
increased loan demand to finance holiday travel abroad. The 
October, November troughs reflect the slower rate of deposit 
accumulation as private spending begins to accelerate and 
loan demand begins to rise in anticipation of Christmas. 
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The real sector series - local sales of cement - is presented in 
Chart 1.2. Examination of the graph shows the presence of 
marked seasonal stability. Distinct seasonal peaks normally 
occur in the dry months of May and October (the petit careme) 
and seasonal troughs usually occur in September and Decem
ber. This series is highly correlated with construction activ
ity in Trinidad and Tobago. The declining trend in local sales 
of cement appeared to have varied directly with the decline 
of the construction industry during the recession. In Trin
idad and Tobago construction is highly dependent upon 
weather conditions. Construction activity usually peaks in 
the dry months of April, May, June and October. 

The All Items Sections of the Index of Retail Sales (Average 
1979=100) is a quarterly series. Chart 1.3 shows a character
istic seasonal pattern; there is a seasonal peak in the fourth 
quarter as anticipatory consumption for the holiday season 
increases and a seasonal trough usually occurs in the first 
quarter. 

Tables 1 to 3 present the characteristics of the series in tabular 
form. Table 1 shows the means of the series for the whole 
period 1982 to 1993, and the means computed for the first 
and second half of the sample periods respectively i.e. 1982 
to 1987 and 1988 to 1993. An examination of Table 1 reveals 

1982 to 1993 
1982 to 1987 
1988 to 1993 

8377.05 
7764.89 
8989.22 

Local Sales of 
Cement (tonnes) 

25279.42 
31657.75 
18901.08 

152.15 
157.91 
146.39 
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that of the three series tested, the mean of the broad money 
supply series was the only one larger in the second half of the 
sample period. 

The average monthly and quarterly deviations of the series 
from their trend value is shown in Table 2. This measure 
provides a first indication of the size of the seasonal compo
nent. Table 2 shows that the local sales of cement series has 
the largest seasonal variations when compared with the other 
series. In addition, the table corroborates the presence of a 
definite seasonal high in May and a seasonal trough in De
cember for the local sales of cement series. The broad money 
supply series, according to this measure, has a seasonal high 
in June and a trough in October. For the Index of Retail Sales, 
a seasonal high occurs in the fourth quarter and a trough in 
the first quarter. 

TABLE 2 
.. 

MEAN MONTIiLY AND QUARTERLY DEVIATION 
FROM TIlE TREND 

Broad Money Local Sales of Index of Retail 
Supply M2 Cement Quarterly Sales 

Monthly Series (TIS Mn) (tonnes) Series (Avg. 
1979=1(0) 

January -30.91 -3:Zj9.57 
February -45.60 -2516.42 
March 34.95 361.15 Qtrl -12.43 
April 10.50 2716.93 
May 83.35 6611.65 
June 112.32 1936.12 Qtr2 -6.59 
July 1.33 851.10 
August -30.52 -1037.68 
September -13.45 -1709.18 Qtr3 -3.24 
October -56.40 354.12 
November -44.32 -647.25 
December 14.82 -3745.96 Qtr4 18.82 

Note: The mean of the actual deviation from the trend is calculated, not the 
mean of the absolute value from the trend 
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Finally, to determine whether the series in question were more 
suited to additive or multiplicative adjustment a trend regres
sion was fitted to the individual series. The choice among 
the two types of adjustment was made on an ad-hoc basis by 
using a simple regression between the preliminary trend and 
the absolute value of the preliminary seasonal component of 
a series. This regression is of the form: 

Iy-YTI = a+/3YT 

where y is the value of the original series and Y
T 
the centered 

moving average of Y over the period of one year. If the com
ponents are not correlated, i.e., if f3 does not differ signifi
cantly from zero, additive adjustment would probably be 
appropriate. If f3 is significant, a multiplicative method may 
be best. Series with negative values must be adjusted addi
tively since the multiplicative method is based on the log of 
the series. In practice, this approach was less than satisfac
tory and tended to be very sensitive to outliers in the series. 
Alternatively, the power transformation tests can provide 
similar information. Table 3 presents the least squares esti
mates of the coefficients a and f3, together with their corre-

TABLE 3 
IDENTIFICATION OF MULTIPLICATIVE 

OR ADDITIVE ADJUSTMENT 

Power Choice of 
Alpha Beta Trans fonnation Adjustment Method 

Broad Money Supply M2 324.90 ·0.03 None Additive 
(mMn) (4.97) -(3.58) 
local Sales of Cement ·1182.63 0.16 ·0.25 Multiplicative 
(tonnes) -0.53) (5.67) 
Index of Retail Sales 5.94 0.04 0.5 Additive 
(Avg. 1979 =100) (0.55) (0.54) 

Note: Identification according to I Y - MA VEC(Y) I = Alpha + Beta * Y, t - values 
in parentheses 
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sponding t-values; the results of the transformation tests, and 
finally the choice of adjustment method adopted. However, 
our analysis does not concern itself with intermediate adjust
ment techniques. Observation of the table suggests that the 
local sales of cement series should be adjusted multiplicatively 
while the remaining two series should be adjusted additively. 

2.3 Application of Seasonal Adjustment Methods 

2.3.1 Differences in Seasonal Components 

In this section an evaluation of the performance of the six 
methods is undertaken for each of the three series. In par
ticular, differences in the components produced by each 
method are analysed and this is followed by an assessment 
of the comparative performance of each method based on a 
series of objective criteria outlined by Fase and Den Butter 
(1991). 

(a) Fixed Additive vs. Fixed Multiplicative Methods 

For all series concerned, the seasonal component according 
to the fixed additive and fixed multiplicative method were 
analysed on a yearly basis (Chart 1.4). The fixed multiplica
tive method yields seasonal components, which, when com
pared with the fixed additive method, deviate more widely 
from each other at the beginning and end of the sample pe
riod but otherwise follow each other quite closely. An excep
tion here is the broad money supply series (M2) whose sea
sonal components according to the additive method appear 
to lag about a half-period behind the seasonal components of 
the other series. 

----------------------------------- ~~--~~ 
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(b) Census Method I vs. Census XlI Method 

Chart 1.5 reveals that for the Census Method 1, shifts in the 
seasonal pattern are reflected in changes in the size of the 
seasonal component. The estimated seasonal pattern pro
duced by Census X 11 appears to be stable and changes little 
over the years. For instance, the application of the Census 
Method 1 (additive variant) to the broad money supply se
ries, rendered seasonal components which changed very little 
over the years, even though seasonality in this series was ob
viously changing. The multiplicative variant of the Census 
Method 1, appears to be more sensitive to changes in the size 
of the seasonal component, even though it still fails to reflect 
changing seasonal patterns. 

In contrast, Chart 1.5 seems to suggest that the Census X11 
method (whether additive or multiplicative variant) is more 
sensitive to the changing seasonality of the series than the 
Census 1 method. Although this method tends systemati
cally to underestimate the changes in the seasonal pattern at 
the beginning and end of the series, the application of the 
method to the series renders better seasonal components than 
the other methods previously considered. 

(c) Census XII vs. XII-ARlMA 

Chart 1.6 shows that adjustment of the individual series by 
these two methods yields very similar seasonal components. 
For the broad money supply series, the X11-ARIMA method 
appears to be more sensitive to the changing seasonality in 
the series than the Census Xll method. The difference be
tween the two methods are larger at the beginning and end 
of the sample period, but otherwise the differences in the size 
of the estimated seasonal components are small. 
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(d) Xll-ARlMA VS. SABL Method 

The difference in seasonal components and seasonal patterns 
produced by the two methods are very apparent (see Chart 
1.7). For the broad money supply, the SABL method tended 
to overestimate the changes in the seasonal components at 
the beginning and end of the series. For the local sales of 
cement series, the SABL method was much better than X11-
ARIMA in detecting the changing seasonal pattern. 

Table 4 summarises the differences obtained from applying 
the six adjustment methods using the average periodic 
(monthly or quarterly) absolute percentage change in the 
original and seasonally adjusted series. This statistic repre
sents a measure of smoothness of the series. Generally, sea
sonally adjusted data should be smoother than the original 
series. From an intuitive standpoint therefore, the value of 
the statistic for the seasonally adjusted data should be smaller 
than the original data. This proved true in all instances. 
Additionally, in all instances, except for the All Sections In
dex of Retail Sales series where the Census XU method 
yielded the lowest statistics, the statistics produced by the 
XU-ARlMA method were always the lowest. 

Unadjusted data : 

Fixed Additive 
Fixed Multiplicative 
Census Method I 
Census XII 
XII ARIMA 
SABL 

0.98 12.33 

Seasonally adjusted data 
0.85 9.98 
0.86 9.53 
0.83 9.49 
0.80 8.41 
0.79 8.33 

12.31 

4.89 
4.59 
4.95 
4.58 
4.61 
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The Theil's Inequalities Coefficient (IC) was also employed 
to determine the extent to which the estimated seasonal com
ponents differed from each other. 

Ie .... = ~;';""'--'-N--
Ls'·)' 
I-I 

If IC = 0, then the two methods m and n have produced 
identTc~1 seasonals. However, if IC equals one, then the 
seasonal components according to ori~ method differ on av
erage as much from the other, as they would have if the other 
series were not seasonally adjusted. Table 5 shows that the 
values of most of these coefficients were close to zero, indi-

Fixed Fixed Census Census Xll SABL 
Aditive Multipli. Method I Xll ARIMA 

cative 
Broad Money Supply 
Ml (TT$Mn) 
Fixed Ackitive 0.00 0.07 0.18 0.33 0.32 0.32 
Fixed Multiplicative 0,07 0.00 0.22 0.35 0.35 0.35 
Census Method I 0.18 0.22 0.00 0.30 0.30 0.32 
Census XII 0.33 0.35 0.30 0.00 0.10 0.19 
XII ARIMA 0.32 0.35 0.30 0.10 0.00 0.16 
SABL 0.32 0.35 0.32 0.19 0.16 0.00 

Local Sales or 
Cement (tonnes) 

Fixed Adltive 0.00 0.16 0.16 0.20 0.19 0.23 
Fixed Multiplic.ative 0.16 0.00 0.05 0.15 0.13 0.17 
Census Method I 0.16 0.05 0.00 0.15 0.13 0.18 
Census XII 0.20 0.15 0.15 0.00 0.04 0.09 
XII ARIMA 0.19 0.13 0.13 0.04 0.00 0.10 
SABL 0.23 0.17 0.18 0.09 0.10 0.00 

Index or Retail Sales 
(AVIL. 1979 =100) 

Fixed Aditive 0.00 0.06 0.01 0.06 0.06 0.05 
Fixed Multiplicative 0.06 0.00 0.06 0.06 0.06 0.07 
Census Method I 0.01 0.06 0.00 0,07 0.06 0.04 
Census XII 0.06 0.06 0.07 0.00 0.01 0.05 
XII ARIMA 0.06 0.06 0.06 0,0( 0.00 0.04 
SABL 0.05 0.07 0.04 0.05 0.04 0.00 
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cating that in most instances the various methods produced 
similar seasonals. 

An examination of the extent to which the various adjust
ment methods attribute fluctuations in the series to seasonal
ity was also attempted using the average size of the seasonal 
component (AS) defined as 

AS=.! i IStl 
n t=1 

Table 6 suggests that for local sales of cement, the average 
size of the seasonal component according to the fixed addi
tive method, is larger than those produced by the other meth
ods. For the broad money supply (M2), the fixed multiplica
tive adjustment method produced the largest AS statistic. This 
indicates that these methods probably overestimated the av
erage size of the seasonal component and are probably not 
the most appropriate methods to smooth these series. For 
the other series, the average size of the seasonal component 
varied little from one seasonal adjustment method to the next. 

Fixed Additive 44.22 11.59 2420.75 
Fixed 48.62 10.80 2153.60 
Multiplicative 
Census Method 1 38.41 11. 76 2105.58 
Census XII 40.29 10.77 2140.90 
XU ARIMA 40.62 10.81 2141.89 
SABL 41.78 11.22 2128.37 

CIrIIbta Cmlle (arll-..ry StudIoa 



Table 7 utilises the average change in the seasonal compo
nent to ascertain the extent to which the adjustment methods 
correctly identify changes in the seasonal pattern. This sta
tistic is calculated as follows: 

12 

1 0-1 l:ISi.12+i - S(j-Il.12+i! 
AC=-l: "",;-.... 1 ....."..12----

n-l i-I ~ Is ! 
~ i.12+/ 
/-1 

where AC = Average Change in the Seasonal Component 

Fixed Additive 0.00 0.00 0.00 
Fixed Multiplicative 0.04 0.16 0.09 
Census Method 1 0.00 0.17 0.00 
Census X1l 0.67 0.32 0.06 
Xli ARIMA 1.58 0.34 0.06 

SABL 1.29 39 o. 

The results from this table show, as expected, that with re
spect to the more sophisticated seasonal adjustment meth
ods, relatively large changes in the seasonal components were 
calculated for the broad money supply and local sales of ce
ment; for the fixed additive method, the calculated seasonal 
components do not change. Of the more sophisticated ad
justment methods, Census Xll, Xll-ARIMA and SABL, the 
latter, by comparison, computes relatively large changes in 
the seasonal components, except for the Index of Retail Sales 
series. On average, the Census Method 1 produced the small
est average absolute percentage changes in its seasonal com
ponents. From examination of this table, one can conclude 
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that the SABL method is probably the most sensitive to 
changes in the seasonal patterns of local sales of cement se
ries. For the broad money supply series, the Xll-ARIMA 
method is the most sensitive to changes in the seasonal pat
tern, and for the Index of Retail Sales the fixed multiplicative 
method was best. 

2.3.2 Comparative Analysis 

Fase and Den Butter (1991), outline the ideal properties for 
seasonal adjustment procedures. They suggest that any sea
sonally adjusted series should satisfy basic axiomatic prop
erties of orthogonality, idempotency and symmetry. In prac
tice, though, an important criterion for the assessment of any 
seasonal adjustment technique is the stability of the seasonal 
estimates when new observations are added. This is very 
important, as the more stable the seasonal components ren
dered by any seasonal adjustment technique, the more likely 
are policy makers to use seasonal figures in their analysis. 

(a) Orthogonality 

Ideally, in assessing the strength of any particular seasonal 
adjustment method, orthogonality of the seasonal and trend
cycle components should not exist, Le. the seasonal compo
nents and the seasonally adjusted series should not be corre
lated. Table 8 shows that the correlation coefficients of the 
seasonal components and the seasonally adjusted series are 
relatively small for all series across the various methods un
der review. As such, this test does not really discriminate 
between the various methods. 
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Fixed Additive 0.00 0.02 -0.07 
Fixed Multiplicative 0.01 0.08 -0.05 
Census Method -0.00 0.08 -0.08 
Census Xll 0.01 0.10 -0.02 
XII ARIMA 0.01 0.10 -0.03 
SABL -0.00 0.13 -0.06 

(b) Idempotency 

Idempotency of a time series exists if repeated applications 
of the method yields exactly the same seasonally adjusted 
series as the first application. The statistic used to test for 
idempotency (ID) is calculated as follows: 

100 12 n 15; -5;:11 
10 = - I I'--'---'--..l. 

12n i=lj=l y; 
where yfI = seasonally adjusted series 

sf I = estimated seasonal component 
n = number of years in the sample period 

Where idempotency exists ID equals zero. Table 9 indicates 
that the fixed additive method, by definition, is fully idem
potent. Application of the Census Method 1 to the index of 
retail sales and the broad money supply produced ID's of 
zero. 
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Broad Money Local Sales of lorex of Retail Sales 
Supply M2 Cement (tonnes) (Avg. 1979 =1(0) 

Fixed Additive 0.00 0.00 0.00 
Fixed Multiplicative 0.02 1.76 0.83 
Census Method 1 0.00 1.70 0.00 
Census XII 0.13 2.23 0.37 
XII ARlMA 0.13 2.20 0.39 
SABL 0.26 

(c) Residual Seasonality 

Residual seasonality exists when the irregular component of 
a particular month still shows a seasonal pattern. This may 
be revealed by an examination of the autocorrelation func
tion for particular months or quarters over the years of the 
sample period. As such, the Box-Pierce Q statistic calculated 
for each period over the years of the sample provides an ad
equate summary measure. The Q statistic composed of the 
first K residual autocorrelations is denoted by 

K 2 
Q=TI/k 

k=1 

and is approximately distributed as au-square with k degrees 
of freedom. Tables 10.1 and 10.2 show the number of signifi
cant periods in the test for positive autocorrelation of the ir
regular components per month and per quarter respectively. 
Table 10.1 indicates that the SABL method produced the great
est number of significant months (i.e. where residual 
autocorrelation existed) among all the methods. For the quar
terly series, the Xll-ARIMA method produced the greatest 
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number of significant periods, indicating the possibility of 
some over adjustment in the respective series. Generally, for 
the well-behaved series, the number of periods that tested 
significant for residual autocorrelation were low. 

Fixed Additive 
Fixed Multiplicative 
Census Method I 
Census XlI 

11 ARIMA 

o 
o 
o 
2 
3 
1 

(d) Residual Trend Cycle Movements 

o 
o 
o 
2 
3 
1 

This occurs when the series has not been effectively decom
posed into its constituent trend cycle and other components. 
This was tested by an examination of autocorrelation of the 
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irregular component for the whole series over all the months 
and years. Again the Box-Pierce Q statistic served as a sum
mary measure. Table 11.1 shows that, on average, the X11-
ARIMA method performed best on this test for the monthly 
series while Table 11.2 shows that all methods produced simi
lar results. 

. ...... ...i .... ·.·.'l'ABLEIU· 
TESTON POSITIVE AtJTOCORRELA: . 

COMPoNIWrPER ... 

Broad Money Local Sales 
Supply M2 of Cement 
(TI$Mn) (tonnes) 

Fixed Additive * * 
Fixed * * 
Multiplicative 
Census Method I * * 
Census XII '" * 
XII ARlMA 
SABL * * 

ote: * Indicates significant positive autocorrelation 

TABLE 11.2 

2 
2 

2 
2 
o 
2 

TEST ON POSITIVE AUTOCORRELA nON OF TIlE IRREGULAR 
COMPONENTPER~OLESER~ 

I Total number of 
I Index of Retail Sales series with a 
I (Avg. 1979=100) significant test value 

Fixed Additive I * 1 
Fixed Multiplicative I * I 
Census Method I 

I 

* I 
Census XII * I 
XII ARIMA * 1 
SABL * 1 

~ote: * Indicates Significant positive autocorrelation 
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(f) Stability 

For official statistical agencies, the stability test is probably 
the most important criterion for assessing the suitability of a 
particular seasonal adjustment method. An adjustment pro
cedure is stable if the seasonally adjusted series is not unduly 
affected when updated with new data. This is an important 
requirement for decision-making pUlposes. Fase and Den 
Butter suggests that the stability of the estimates of the sea
sonal component can be determined by comparing the 
seasonals obtained from different, though overlapping, 
sample periods. The series concerned were adjusted succes
sively from 1982-1990, 1982-1991, 1982-1992, 1982-1993, to 
obtain the corresponding seasonal components for the above 
periods. For each pair of successive periods, the inequality 
between the relevant seasonals were measured. The stability 
measure is summarized as: 

I (9() 91 92) ST ="3 CRn + CP92 + CP93 

where CP summarizes the inequality between seasonals for 
the periods concerned. When ST equals zero, full stability 
exists. Table 12 presents the mean of the inequalities between 
seasonals and concludes that generally all STs are close to 
zero. The worst results were obtained by the application of 
the SABL method to all series. However, when the results of 
the Census X11 and the X11-ARIMA are compared, the X11-
ARIMA method produced in all instances, the higher statis
tic. This result is quite surprising since the raison d'etre for 
the ARIMA extension of the basic Cens us X11 is enhanced 
stability. Low STs were produced by all methods for the 
local sales of cement and the index of retail sales series indi
cating the relative stability of these series. Examination of 
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Table 12 shows that, on average, the Census XU procedure 
produced the most stable seasonal components. It should be 
noted that Fase and Den Butter obtained a similar result and 
for this reason the Census XII method was chosen by the 
Netherlands Central Bank for the seasonal adjustment of a 
large number of macroeconomic and financial data. 

Fixed Additive 0.12 0.04 0.01 
Fixed Multiplicative 0.13 0.04 0.02 
Census Method 1 0.11 0.04 0.02 
Census X11 0.11 0.03 0.02 
XII ARlMA 0.12 0.04 0.03 
SABL 0.16 0.09 0.05 

3. SUMMARY AND CONCLUSION 

The paper examined the major issues involved in the estab
lishment of successful seasonal adjustment programs for of
ficial statistical agencies. A number of critical success factors 
were identified including, the processes required, the role of 
an integrated processing environment and the need for the 
statistical agency to market the seasonal numbers. The paper 
also examined in some detail the issues that ought to be con
sidered when choosing among different seasonal adjustment 
methods. A number of tests were developed to discriminate 
among seasonal adjustment methods, and the performance 
of six commonly available seasonal adjustment methods were 
examined using a small number of actual Trinidad and To
bago time series. The results obtained are not meant to prove 
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conclusively that anyone technique is better than the other 
for recommendation to statistical agencies. The number of 
series tested was much too small to lead to such a conclusion. 
However, we believe our findings are interesting because they 
suggest that more exhaustive testing will not result in a clear 
winner as some methods are likely to perform well on some 
tests and to fare badly on others. This is particularly true of 
the Census XII and the X11-ARIMA methods which emerged 
as top contenders in our study. However, if stability was given 
the highest weight, the performance of the XU-ARIMA was 
quite disappointing as the Census XU method outperformed 
it in this area. 

Another major limitation of this study is the omission of the 
application of spectral methods. Granger and Newbold (1977) 
demonstrated how the adequacy of seasonal adjustment 
methods can be diagnosed by using spectral analysis. How
ever, as summary statistics for spectral analysis are not well 
developed, the inclusion of this type of analysis would have 
greatly added to the volume of diagrams and charts in this 
paper. In a forthcoming study, the tests developed, in this 
paper will be applied to a large number of macroeconomic 
time series. This will provide more definitive conclusions 
about the applicability of traditional seasonal adjustment tech
niques in the Trinidad and Tobago context. 
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MACRO FINANCIAL MODELLING: 
A PARAMETRIC VS NON-PARAMETRIC APPROACH 

Surendra Arjoon 

ABSTRACT 

Thisp~pereX~es macro-financial data to explain the behaviour 
of ~asuresoffinancial deepening it) Trinidad and Tobago. A 
non-Parametric approach is used to identify the shortcomings of 
theclasskalregression framework. The non-parametric model 
giveSsignifi~tly better overall fit than its parametric counterpart. 
Results show that nominal deposit rates are significant and have 
a positive infll,lence in explaining overall financial and monetary 
depth; savings in the form of accumulation of financial wealth is 
a key determinant of overall financial depth; inflation has a 
positive, though insignificant, influence on overall financial depth. 
The pace and diversity of developments in regression and 
econometric methods have rendered computer software pac:~ges 
inadequate for contemporary research methodologies. This is 
particularly the case for non-parametric regression teclmiquC::$. 
This paper also gives the derivation of simple formulae ()f$ome 
conunonly used non-parametric functionals' ... ... 
kernel. Results in this paper are intended to be illl,lstr~ltiv'e 
instructive in deriving other non-param$iC t1l'nlC'n{)nal~ 
which may not be commercially available. 
easily programnled ustng'f;;onlp'(ltterJa(~iJ.itlle$ 
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INTRODUCTION 

The nature and structure of the economies of most develop
ing countries make economic modelling based on traditional 
theories and methods a difficult task. Indeed, traditional eco
nomic theory has limited applications in economies that are 
characterised by imperfect competition, over-valued exchange 
rates, frequent devaluations, inefficient markets and institu
tional and other non-market factors, including behavioural 
and cultural factors. Researchers in developing countries of
ten require models that take these factors into account. Quite 
often, however, investigators spend a significant amout of 
time refining or adapting models to fit the environment in 
developing countries; justifying results that are inconsistent 
with the realities of the economy; or commenting on the in
adequacies of the models used and their assumptions. In most 
instances, there is a high degree of incompatibility between 
the data and the model. 

The financial system is especially important in developing 
countries since it provides intermediation services to an 
economy by co-ordinating resource flows between savers and 
investors. There is much evidence which suggests that for
mal financial systems with their economies in information 
processing and risk-pooling, are generally more efficient than 
informal systems. This paper utilises correlation, parametric 
and non-parametric analysis to analyse measures of financial 
deepening in Trinidad and Tobago. Several measures of fi
nancial depth are presented. The non-parametric approach 
is used to identify the shortcomings of the classical regres
sion framework in explaining the behaviour of measures of 
financial depth. 

The paper is divided into four (4) sections. Section 1 presents 
a brief literature review on the major applications of non-para-
Probltm. and Challmgesla MocltUiog and Forrc .. liog Caribbean EcODoml.. -----------
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metric methods. The advantages and limiatations of non
parametric regression methods are also discussed. Section 2 
compares the results of applying parametric and non-para
metric methods to analyse financial deepening in Trinidad 
and Tobago. The development of appropriate computer soft
ware packages has not kept pace with the recent develop
ments in non-parametric techniques. Researchers need to ac
quire, or at least to have access to, some programming exper
tise in order to develop or to modify existing and new com
puter routines to suit contemporary methodologies. Section 
3 gives the derivation of simple formulae of some commonly 
used non-parametric regression functionals using a normal 
kernel density estimation technique. In particular, those 
functionals considered in this paper are the estimators for the 
regression functional, response coefficients and their associ
ated variance-covariance, and the non-parametric residual 
vector. In each case, the one regressor model is derived and 
the corresponding multivariate case is given as an extension 
to the univariate case. These results are intended to be illus
trative and instructive in deriving other non-parametric 
functionals of interests which may not be commercially avail
able nor easily programmed with existing computer facilities 
in most institutions.1 For further details on non-parametric 
regression methods see Singh et al (1987), Devroye and Gyorfi 
(1984), Eubank (1988), HardIe (1990), and Silverman (1986), 
Prakasa Rao (1981) and Ullah (1989). The final section con
cludes with a summary of the results of the investigation. 

1. THE NON-PARAMETRIC APPROACH: 
A BRIEF SURVEY 

The advantages of non-parametric (and semi-parametric) 
models have been well documented in papers by Racine 
(1988), Rilestone and Ullah (1986), Singh et. al (1987), Ullah 
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(1988a, b), Ullah and Vinod (1988), and Vinod and Ullah 
(1988). These advantages include robustness with respect to 
the data and the functional form since the latter need not be 
specified; improved inference; avoidance of the problems of 
multicollinearity; and more meaningful interpretations of the 
response function. Non-parametric estimation essentially em
ploys approximations to an unknown density function and 
refers to any statistical procedure which does not make any 
assumptions regarding the underlying data generating pro
cess. A non-parametric approach is especially useful in pro
viding the appropriate functional form of a regression model; 
the distributive form of a disturbance random variable; and 
to guide in the choice of relevant explanatory variables (see 
Delgado and Robinson (1992)). Non-parametric regression 
methods can also be employed to gauge the goodness of par
ticular parametrisations of conditional expectations and the 
usefulness of candidate explanatory variables without speci
fying functional forms. Recent work on non-parametric re
gression analysis has focussed on inference - especially hy
pothesis testing (see, for example, Rilestone (1991) and 
Robinson (1991». 

Applications of non-parametric statistical estimation are vast 
and growing in a number of diversified areas. In the areas of 
consumer theory, Hausman and Newey (1993) examined an 
application to gasoline demand in order to look at the shape 
of the demand curve and the average magnitude of welfare 
loss from a tax on gasoline. Bierens (1990) demonstrated the 
usefulness of non-parametric regression analysis for func
tional specification of household Engel curves. Azzalini et al 
(1988) and Eubank and Spiegelman (1990) investigated the 
use of the non-parametric methodology to test the adequacy 
of parametric models . 
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With regards to policy analysis, Stock (1985) addressed the 
problem of estimating the benefits of cleaning up unsafe haz
ardous waste using housing value data. Triest (1987) used 
non-parametric regression estimators to investigate two is
sues which arise in estimating labour supply functions in the 
presence of income taxation, namely, whether there is suffi
cient information in available data sets to use the complete 
budget constraint estimation method; and whether the effec
tive marginal tax rate is less than the statutory marginal tax 
rate. Ahn and Powell (1993) also looked at estimating labour 
supply in a censored selection model while Pace (1993) ap
plied non-parametric methods to real estate valuation mod
els. McCaffrey (1992) has recently estimated the Lyapunov 
Exponent of a chaotic system with non-parametric regression. 

In the field of resource economics, Berck (1988) tested the 
hypothesis that the net extraction cost price of a natural re
source does not change with volume, which is a consequence 
of Hotelling's theory. The test rejected the pure form of the 
Hotelling theory and showed that it was necessary to adjust 
sales prices for volume sold. 

In the field of time series analysis, HardIe and Vieu (1990) 
have utilised kernel regression methods to smoothen time 
series data. In their study, a class of non-parametric regres
sion smoothers for time series was defined by the kernel 
method which allows flexible modelling without reference 
to a specific parametric class. These authors also demon
strated that the technique is also applicable to detect non-lin
ear dependencies in time series and to predict smooth regres
sion models with serially correlated observations. 

One area in which the application of non-parametric regres
sion techniques is growing is that of financial modelling. For 
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example, McCurdy and Stengos (1992) computed parametric 
estimates of a time-varying risk premium model and com
pared the one-step-ahead forecasts implied by that model with 
those given by a non-parametric estimator of the conditional 
mean function. The kernel estimator was used to assess the 
adequacy of the parametric model in capturing any structure 
in the excess returns. Arjoon (1993) has estimated financial 
models of the demand for money and savings in Trinidad 
and Tobago, using both parametric and non-parametric re
gression techniques. 

One of the difficulties in the application of non-parametric 
regression methods is the choice of window widths. The se
lection of window widths introduces an element of arbitrari
ness into the estimation process. No consensus on the method 
of selecting window widths has been reached. Too small a 
value, may undersmooth and induce bias. In addition, most 
distributions are characterized by few points in their tails, and 
consequently a different or variable window width may im
prove estimation in the tails for the said distribution. Nychka 
(1991) explores choosing a range for the amount of smooth
ing in non-parametric regression. One of the ways to ensure 
bias reduction for particular choices of the window width is 
to use "higher-order" kernels as proposed by Bartlett (1963). 
Robinson also (1988) discussed alternative bias reduction 
methods. 

The rate of convergence of the regression coefficients in the 
classical parametric framework is the square root of n, where 
n is the sample size. In the non-parametric case, it turns out 
to be (nhk+2) 1\2, where h is the window width and k is the num
ber of regressions. This slower rate of convergence implies 
that the standard errors of non-parametric estimates typically 
turn out to be larger than their corresponding parametric 
counterparts and the associated test statistics are less efficient. 
Problem .... CIIIIleaaaID 1IodoIlIai ............... CarIbIIaa l'.ccDJmIoo ----------



~~~~~m~A~~ __________________________________________ 367 

This so-called "curse of dimensionality II may be avoided. 
Andrews and Whang (1980) considered series estimates of 
Additive Interactive Regression (AIR) models. AIR models 
are non-parametric regression models that generalize addi
tive regression models by allowing interactions between dif
ferent regressors. AIR models were found to circumvent the 
"curse of dimensionality" that afflicts the estimation of fully 
parametric regression models. The kernel regression estima
tor is robust to specification error. However, the restriction 
that the conditional expectation of the residual be zero 
throughout the entire domain is often violated. Bradley (1992) 
proposed a correction for this violation through a limited in
formation two stage kernel regression. 

The multivariate kernel density estimation technique is used 
to estimate the conditional mean defined as 

-
E(y I x)= f y f(y I x)dy 

The underlying estimated model is assumed to be of the form 
y=E[ylxJ+e 

where e is a white noise error term 

The response coefficients and associated standard errors for 
the kth conditioning variable are evaluated holding the other 
(k-l) variables constant at their mean values. The jth response 
coefficient at observation i, is defined as 
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2. MACROFINANCIAL MODELLING: 
EMPIRICAL RESULTS 

The financial deepening literature and other mainstream mon
etary theory suggest that overall financial depth is influenced 
by policy variables, in particular, financial prices, and by in
stitutional factors including a country's overall level of de
velopment and wealth. Two policy variables, the nominal 
weighted average deposit rate (DR) and the inflation rate (INF) 
are included in the model specifications. Furthermore, real 
total assets (RTA) are also included in the specifications and 
can be considered as savings in the form of accumulated fi
nancial wealth. This variable may also be utilised as an indi
cator of development. 

Financial deepening should be positively related to overall 
economic performance and can also be influenced by institu
tional factors. The mix between monetary and non-monetary 
financial instruments varies with financial wealth, since rela
tive prices of these alternative instruments influence wealth 
holders and, consequently, the depth of the financial system. 
It is assumed that all monetary instruments pay no interest 
but non-monetary instruments have an interest rate equal to 
the deposit rate (DR). Correlation and regression analysis 
(parametric and non-parametric) are employed to develop a 
model to examine the determinants of the various measures 
of financial deepening. 

The data span the first quarter of 1982 through the second 
quarter 1992, and were taken from various publications of 
the Central Bank and Central Statistical Office of Trinidad 
and Tobago. The data include measures of Monetary Depth 
(MD), Financial Depth (FD), and Non-Monetary Depth 
(NMD) defined as the ratio of the stocks of money2 plus liq-
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uid liabilities3 plus quasi-liquid liabilities4 to the total assets 
of the financial system. 

2.1 Correlation Analysis 

Results of the Pearson correlation coefficients are presented 
below in Table 1. The significant negative correlation between 
monetary and non-monetary depth is not surprising since 
economic agents switch from holding money balances to hold
ing interest-bearing liabilities. Furthermore, the strong posi
tive correlation between financial and monetary depth indi
cates a preference to hold money balances rather than quasi
liquid financial instruments when there is financial deepen
ing. A counter-intuitive point to note is that the nominal de
posit rate is statistically significant, positively correlated with 

TABLEt 
PEARSON CORRELATION COEFFICIENTS 

FD MD NMD DR INF RTA RDR 

FD 

MD 0.74* 

NMD 0.10 -0.59* 

DR 0.48* 0.47* -0.11 

INF 0.26** 0.21 -0.01 0.19 

RTA 0.70* 0.70* -0.20 0.72* 0.22 

RDR 0.13 -0.10 -0.03 0.07 -0.96* -0.03 

* Significant at the 5% level 
** Significant at the 10% level 
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monetary balances, and negatively correlated, though insig
nificant, with non-monetary balances. As expected, overall 
financial depth and nominal deposit rates are significantly 
positively correlated. There is evidence, therefore, that in
creasing the nominal deposit rates results in increased hold
ings of money balances as agents move away from non-mon
etary instruments. 

The real deposit rates are weakly negatively correlated with 
all depth measures. Nominal deposit rates and inflation are 
weakly correlated which suggest that interest rate manage
ment by the monetary authorities has been passive. This is 
reinforced by the fact that financial depth and inflation are 
positively correlated at the 10% Significance level. The low 
level of inflation experienced in the last decade in Trinidad 
and Tobago has in fact stimulated growth and development. 
Financial wealth is positively correlated with financial and 
monetary depth, and negatively correlated with non-mon
etary depth. This indicates that augmenting domestic re
source mobilization through financial deepening comes 
largely through the increased holding of money balances. 

2.2 Regression Analysis 

In the first instance, both parametric and non-parametric re
gressions are used to explain FD, MO, and NMD with indepen
dent variables real deposit rate (RDR) and real total assets (RTA). 
The results are presented in Table 2 and Table 3. 

The parametric specification shows that RTA, INF and DR 
explain 50% of the variation in both FD and MO, respectively 
whereas only 1 % of the variation in NMD is explained by the 
regression. The corresponding figures for the non-paramet-
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ric regression are 65%, 72% and 35%, respectively. These re
sults indicate that the non-parametric model fits much better 
than their parametric counterparts. Furthermore, both the 
parametric and non-parametric results show that financial 
wealth (RIA) is significant in explaining FD and MD. 

The second set of specifications separates the real deposit rate 
(RDR) into an inflation component and the weighted nomi
nal deposit rate. This dissagregation allows the investigation 
of the separate influences of these two components. As in the 
previous parametric specification, 50% of the variations in 
FD and MD are explained by the regressors DR, INF and RIA 

..... 

TABLE 2 
PARAMETRIC REGRESSION RESULTS 

Dependent Variables 

Independent Variables FD MD NMD 

RDR -0.1606 -0.0012 -0.0004 
RTA 0.1051* 0.0013* 0.0003 
R2 0.50 0.50 0.01 

~lgmJlcant at me .:J';V eve! 

TABLE 3 .........................•.•...........•.•. 

NONPARAMEnuc R.£GREsSJONRllSbt 
Dependent Variables 

Independent Variables FD MD NMD 

RDR 0.0008 -0.0035 -0.0027 

RTA 0.0010* 0.0020* -0.0010 

0.65 0.72 0.35 

.. Significant at the 5% level 
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while only 1 % of the variation in NMD is explained by these 
variables. The non-parametric goodness of fit statistics for 
FD, MD and NMD are 77%, 80% and 58%, respectively. 

The parametric results show that financial prices are not the 
dominant factor in determining depth measures. This result 

Dependent Variables 

Independent Variables FD MD NMD 

DR -0.0027 -0.0055 0.0028 

INF 0.0016 0.0011 0.0005 

RTA 0.0011* 0.0014" -0.0003 

R2 0.50 0.50 0.01 

.. Significant at tile 5% level 

TABLES 
NONPARAMETRIC REGRESSION RESULTS 

Dependent Variables 

Independent Variables FD MD NMD 

DR 0.0167** 0.0309* -0.0141 

INF 0.0004 -0.0009 0.0013 

RTA 0.0003 0.0013· -0.0010· 

R2 0.77 0.80 0.58 

.. Significant at the 5% level 
,.,. Significant at the 10% ie1.1ei 
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is contradicted by the non-parametric results which suggest 
that the nominal deposit rate is significant in determining fi
nancial and monetary depth. In both methods, financial 
wealth is significant in the MD equation. This indicator of 
development is also significant in the FD parametric specifi
cation and in the NMD non-parametric regression. The non
parametric results show that inflation has a negative, but in
significant, influence on monetary depth. Results of both re
gression methods show that low inflation has contributed 
positively to overall financial and monetary depth. 

3. THE DERIVATION OF NON-PARAMETRIC 
FUNCTIONALS 

Due to the fact that very little work has been attempted in the 
Caribbean in the non-parametric vein, it is useful to indicate 
a few of the main derivations of the functionals (see Ullah 
1988a)) to facilitate efficient programming of the methods. 
Consider a (k+l) vector of random variables (Yi' Xli' ...• , Xk) = 
(Yjl X) = 01, x) with each element of size (nxl). In order to sim
plify long and complex mathematical relationships, the fol
lowing notation will be used throughout this paper: 

(_.!.w21 
Ew. = e 2') 

I 

(
X. - X) K=K ~ =k(wJ 
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x· -x w-' i--h-, 
hj - window width size or band size = h (for the one regressor case) 

Unless specified otherwise, summation notations are indexed 
by i, (i = 1, .... , n) and product notations are indexed by j, (j = 
1, .... k). The choice of kernels is usually any symmetric prob
ability density. In this case a normal kernel is used, that is, 

1 
K = r;:;:: Ew. 

-v2rr I 
(1) 

The kernel estimation used is that proposed by Rosenblatt 
(1956), who estimated the density, f, at a point (y, x) as 

f~( x)= 1 ~ K(Yi-Y Xi-X) 
y, k+1 £.oJ h.' h. 

nllhj " 

j=1 

1 
= k+1 LKI 

nllhj 

(2) 

j=1 

where h
j 

is the window width size or band size6. 

3.1 Regression Function 

The non-parametric regression model can be represented as 
Y = R(x) + e where R(x) is the non-parametric regression func
tion and e is the error vector. The regression function is in 
fact an unspecified conditional mean, if it exists, defined as 

R(x) = E(y I x} 
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= f y f(y I x)dy 

= fy f(y,x) dy 
g(x) 

where f and g are the corresponding joint and marginal den
sities respectively. Using equations (1) and (2) for the one 
regressor case (k=l), the estimated regression function can be 
rewritten as:-

R{x} = J yt~2 r.K / nIh r.k(w;)~y 
where W; =(xj-x)/h 

= Ly;k(w;)/Lk(w;) 

= Ly;(I/-J2n)Ew;/L(I/-J2n)Ew; 

= Ly;EwJIEw; (3) 

The extension to the multivariate case can be easily shown to 
be 

R{x} = Ly;EwJJLEwJ; (4) 

3.2 Response Function 

The response function estimator is simply the partial deriva
tive7 of the estimated regression function defined as 

a A 

f;{x} = ax. R(x} 
I 
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uJne k'(w;) = ~k(W;)= ~. (l/.J2ir)Ew; = (l/h.J2ir)w;Ew; (6) 
, I 

Using results (5) and (6), the response function estimator can 
be simplified as 

(7) 

For the multivariate case, the response function estimate for 
the 5th coefficient turns out to be 

3.3 Variance-Covariance of the Response Coefficient 

There are two cases to consider namely, the variance based 
on the assumption of fixed regressors and the unconditional 
variance. In the first case, the variance of the response func
tion estimator based on (5) is given by:-

[ 

12 
k' w· k w· I.k' w· VARr(x)=VAR(v/x)1: (,) (,) (')j 

. 1:k(w;) [1:k(w;)t 
(9) 

where the estimate of the (heteroscedastic) conditional vari
ance is given by 

YAR(v I x) = IY7 k(w;) - f/(x) 
. Lk(w;) 

L)'; Ew; '2() = -R X 
LEw, 
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and for the k-regressor case, 

VAR(y I x) = Is; Ewli _ fl(x) (10) 
LEwli 

Using equations (1), (6) and (9), the estimated conditional 
variance of the response coefficient estimate can be simpli
fied as follows: 

A A(} VAR(y I x} ~[ ( L wiEwi 112 
VARrx =[hLEwif£..J EWi Wi - LEwi 

(11) 

For the k-regressor case, both the variance and covariance 
terms need to be considered. The estimated conditional vari
ance of the sth response coefficient is given by 

VAR Ts(X) = VAR(y/x) {EWli(WSi - LWsiEwli )]2 (12) 
[hsLEwli] LEwli 

and the estimated covariance between the sth and tth terms is 

In the second case, the asymptotic unconditional estimate of 
the variance for k-regressors (See Ullah 1988(a)} is approxi
mated by:-

A VAR(y Ix) f 2 
AVAR r(x) == k+2 [k'(w)] dw 

j(x)nI1 hj 

(14) 

j=1 

and yields 

A A .J2vAR(Y I x) 
AVARr(x) = 4~ 

4h £..JEwli 
(15) 
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The corresponding estimates of the asymptotic unconditional 
variance for the multivariate case can be written as follows:-

AVAR ~ ( ) = VAR(y/x) r., x 2/k 
2 (4-t)/2 h2(nk h.j LEw]. 

., J , 

j=1 

(16) 

while that for the covariance term is:-

~ ~ ~ VAR(y/x) 
AC0v[rs (x)/i (x)] = 2/k 

2;r(4-k)/2h h (nk h.j I.Ewl. 
S I J , 

j=1 

(17) 

3.4 Residuals 

Another regression functional of considerable interest is the 
non-parametric residuals, evaluated as 

ei = Y; - R(x) (18) 

The computational form of e; is therefore given by 

• [ Ew; l f h (19) e; = y; 1 - ~ J or t e one regressor case 
£..JEw; 

and 

• - ,[ EwJ; j'" f h k e; - ,); 1-~ or t e regressor case 
£..JEwl; 
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The corresponding conditional variance of the non-paramet
ric residuals in the case of the single regressor can be com
puted using:-

(21) 

and for the k-regressor case with:-

4. CONCLUSION 

The non-parametric model gives significantly better overall 
fit than its parametric counterpart. Since macro financial data 
are generally quite reliable, the non-parametric approach al
lows the data to "speak for themselves" and better captures 
the true underlying data generation process. The evidence 
shows that the parametric regressions may be mis-specified 
resulting in inconsistent estimates. The associated test statis
tics may also be invalid. Results based on mis-specified equa
tions can have serious consequences when used for policy 
analysis. 

Notwithstanding the limitations of the parametric analysis, 
results of this study show that from a policy perspective, nomi
nal deposit rates are significant and have a positive influence 
in explaining overall financial and monetary depth; savings 
in the form of accumulation of financial wealth (real total as
sets) - an indicator of development - are a key determinant of 
all depth measures; inflation has a positive, though insignifi-
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cant, influence on overall financial depth. The last result sug
gests that a moderate level of inflation as experienced in the 
Trinidad and Tobago case which averaged 2.4% for the pe
riod under study, stimulates growth and development 
through the process of financial deepening. Boume(1988) in 
his study on financial deepening concluded that the inflation 
response was weak and that the nominal interest rate vari
able was not statistically significant. This finding, contrasts 
with the result in our paper which found the nominal inter
est rate to be a signficant factor over the period 1982-1992. 
The result of this paper also provides a framework to con
duct further macro-financial investigation . 
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6. 

'~<'<.:;" .:: ..... :: 

··· .. f>~g··th~ap-·. 
Pot-detailS see 

WlRd6wwldth 

7. One can also use the altematectefQ:U~9#{otthepamal 
derivative to evaluate the respo~£\1:nctionas 

=lim j x+~J- {x-~]· 
r(x) h 

" .... (J 
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