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Abstract

This paper examines the effects of liquidity on the demand for imports of non-durable con-
sumers’ goods in Trinidad and Tobago. A parsimonious vector equilibrium correction model
(VEqCM) is used to test the hypotheses that liquidity has both long- and short-run effects.
The multivariate cointegration approach of Johansen and Juselius (1990) is used to determine
long-run relations and general to specific (Gets) modeling, Autometrics in particular, to deter-
mine system dynamic specification. Cointegration analysis reveals a long-run relation among
consumers’ imports, output, liquidity and relative prices. Gets modeling also reveals significant
short-run liquidity effects and furthermore asymmetric short-run foreign and domestic price ef-
fects. The VEqCM seems a sufficient approximation of the underlying data generation process,
demonstrates desirable statistical properties and empirically constant parameters, encompasses

the findings of previous specifications and produces reliable forecasts.
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1 Introduction

Several studies in the consumers’ expenditure literature have documented significant liquidity ef-
fects on aggregate consumers’ expenditure, see for example Davidson et al. (1978), Hendry and
von Ungern-Sternberg (1981) and Campos and Ericsson (1988). Despite this, studies on consumers’
expenditure on imports have nonetheless abstracted from examining liquidity effects. This fact is
surprising given that in small open economies, such as the small island developing states (SIDS)
of the Caribbean and small non-renewable natural resource economies (SNRNRE), a large share of
consumers’ expenditure is likely to be imported. Given this potentially significant role of consumers’
expenditure on imports in aggregate consumers’ expenditure and the well-documented effects of
liquidity on the latter, it is plausible that liquidity also has significant effects on consumers’ expen-

diture on imports. These effects therefore appear natural hypotheses to be tested.

My research thus foremost examines liquidity effects, measured as start of period M2 money
supply, on the demand for imports of non-durable consumers’ goods, henceforth consumers’ imports.
The case of Trinidad and Tobago (TT) is examined as it is ideally categorized as both a SIDS and
a SNRNRE. A parsimonious vector equilibrium correction model (VEqCM) is developed for this
analysis and is used to test the hypotheses that liquidity has both long- and short-run effects on
consumers’ imports. The VEqCM is also used to test whether there are asymmetric foreign and
domestic price effects, strong and /or super exogenous dependent variables, the ability of the system

specification to account for the results of other models and the forecast accuracy of the system.

My research makes several contributions to consumers’ expenditure on imports literature. First,
it identifies significant long- and short-run liquidity effects on consumers’ imports. Notably, coin-
tegration analysis reveals a long-run relation among consumers’ imports, the deviation of output
from trend, liquidity and the ratio of foreign relative to domestic prices wherein liquidity serves
as an integral control mechanism. Second, it identifies asymmetric short-run foreign and domestic
price effects on consumers’ imports. Specifically, changes in foreign prices are estimated to have an
effect near three times that of changes in domestic prices. Third, it provides elasticity estimates
for an updated TT quarterly dataset spanning the post-liberalization flexible exchange rate era.
These elasticity estimates are generally in line with previous findings where applicable, with some
notable caveats. Fourth, analysis reveals that long-run weak exogeneity of relative prices is rejected
for consumers’ imports; and that strong exogeneity but not super exogeneity is rejected for income
and liquidity. Last but not least, the specification that incorporates liquidity effects is found to

parameter encompass previous specifications and thus contributes notable research progression.

Empirical import demand models have been developed in several studies for TT and the greater
Caribbean region, see for instance Watson and Teeucksingh (1997 and 2000), Modeste (2011),



Hilaire et al. (1990), Watson (1990) and Watson and Clarke (1997). Generally, these studies have
focused on modeling aggregate imports as a single endogenous equation in small macroeconometric
models and were written during the period when the Central Bank of Trinidad and Tobago (CBTT)
maintained a fixed exchange rate regime and before trade and financial liberalization led to TT

1" The fixed exchange rate would

becoming an economy characterized by high trade openness.
have, among other things, greatly mitigated exchange rate risk faced by domestic agents engaged
in foreign trade, particularly on the import side considering a notable share of T'T exports were
petroleum products traded in US dollars. The more closed economy setting, however, would have
significantly limited foreign trade. The policy decisions to switch to a “flexible” exchange rate
regime and to liberalize trade and financial markets are expected to have had opposing effects on

international trade and therefore potentially significant effects on import demand elasticities.?

The empirical model developed in this study has used the import demand equations of Watson
and Teeucksingh (2000) and Modeste (2011) as a logical start point. Using annual data from
1970—1996 Watson and Teelecksingh (2000) modeled the log-level of real imports of non-durable
of consumers’ goods, a single equation of a small macroecenometric model, as a function of its
lagged value and the contemporaneous value of real GDP. They found that consumers’ imports
were positively related to its lag and contemporaneous GDP, with coefficient estimates 0.56 and
0.84 respectively. Modest (2011) estimated the long- and short-run elasticities of the traditional and
disaggregated expenditure models of aggregate goods imports using annual data from 1968—2006.
The long-run relations in his analysis were determined using the bounds test for cointegration
and the short-run elasticities determined in an error correction model. In the traditional model,
he estimated imports of goods as a function of income and relative prices, where relative prices
were computed as the ratio of the price of imports to the price of domestic goods. His long-run
analysis revealed that income and relative prices were positively and negatively related to goods
imports respectively. His short-run analysis found that contemporaneous changes in income and
relative prices were positively and negatively related to changes in goods imports, with coefficient
estimates 1.20 and -0.34 respectively. Long-run disequilibrium was estimated to have an adjustment

coefficient of -0.21, suggesting roughly 20 percent was corrected each year.

The rest of this paper is organized as follows: Section 2 briefly describes the econometric method-
ology used to develop the VEqCM. Section 3 details the dataset and tests for integration and coin-
tegration among the variables. Section 4 presents the dynamic system model and discusses the

estimation results. Section 5 evaluates the dynamic system model and Section 6 concludes.

'Prior to April 13, 1993 when exchange rate controls were abolished and a flexible exchange rate regime was
introduced, the CBTT maintained a fixed exchange rate with the US dollar. The exchange rate was devalued twice
during the 1980s, the first was a 50 percent devaluation in December 1985 and the second was a lesser devaluation
in August 1988. See Worrell et al. 2000 for a richer discussion on the exchange rate policy of Caribbean economies.

2Measuring the magnitudes of the opposing effects is in itself an interesting empirical exercise.



2 Econometric methodology

The econometric analysis commences with the modeling of the joint density of the stochastic vari-
ables. Hendry and Doornik (1994) discuss ten inter-related reasons concerning the logical and
methodological basis for Gets modeling commencing from the joint density that include inter alia
cointegration being a system property, being able to test weak, strong and super exogeneity and
invariance, and being able to conduct multi-step ahead forecasts. The joint density of the vector

of variables z; is modeled as a vector autoregression (VAR) of the form

S
wy =Y Tz j + g + vy, (1)
=1

where v; ~ IN[0,2] and denotes an independent normal density with zero mean and covariance
matrix  assumed to be (symmetric) positive definite, x; is the vector of stochastic variables, ¢
are deterministic terms, 1I is the matrix of parameter estimates on lagged x;_; and ® is the vector
of parameter estimates on ¢;. The system can be represented in VEqCM form, which provides a
useful reformulation when x; are I(1) and retains the same basic innovation process v; as the VAR,

and is given by

s—1
Al’t = MTT¢+_1 +ZH]A$7§_] +q)qt+’l)t. (2)
j=1

Letting 7 = af’, where a is a matrix of feedback coefficients and f'z;—1 are 1(0) cointegrating

relationships, the VEqQCM which serves as the start point for the econometric analysis is given by

s—1
Azy = af'ai + ZHijtfj + ®qp + vy (3)
j=1

3 Data properties

The empirical analysis uses seasonally unadjusted quarterly data spanning 1996(1)—2011(4). Five
observations are lost due to differencing and lags resulting in an estimation sample spanning
1997(2)—2011(4). The CBTT and the Trinidad and Tobago Central Statistics Office (CSO), who
jointly publish the Annual Statistical Digest and the Economic Bulletin, are the data sources for
values of consumers’ imports (M), liquidity, which is measured by the end of period M2 money
supply (W) and output which is measured by the index of domestic production (Y'). Note that

liquidity is a stock variable measured as the end of period value, thus its one-period lag is used



to obtain the start of period value (W1). The International Financial Statistics (IFS) published
by the International Monetary Fund is the data source for both the TT and foreign (US) headline
consumer price indices (CPI) (P) and (P*) respectively. Values of consumers’ imports and liquidity
are in millions of nominal TT dollars per capita. The index of domestic production and both price
indices are in base year 2005 — the average of four quarters in 2005 = 100 — and the ratio of
relative prices is computed as (Pr = P*/P). Each series is converted to its natural logarithm for

use in estimation, with log levels denoted by lower-case letters.

Relative prices are an important series in the analysis of consumers’ imports, and so deciding
on appropriate measures for both the price index of consumers’ imports and of domestic prices
associated with non-durable consumers’ goods is an important decision in the modeling exercise.
Previous studies have used a measure of relative prices computed as the ratio of the imports price
deflator to the index of domestic retail prices, albeit with annual data, see for example Watson
(1990), Watson and Teelucksing (1997) and Maurin and Watson (2002) among others. Though
it is possible to construct both a retail price index and producers’ price index for a class of non-
durable consumers’ goods, this already arduous task is made only more so given data constraints.?
Furthermore, although the TT retail price index and the US personal consumption expenditures
index are available, these indices are not alike measures. Therefore, for the sake of consistency both

the US and T'T CPI are used in constructing the ratio of relative prices.

Several basic properties of the data series standout. Figure 1 displays graphs of the log-levels and
log first-differences of the series. Visual inspection suggests the consumers’ imports series displays
more seasonality than the other series and examination of the autocorrelation functions (ACFs)
and partial autocorrelation functions (PACFs) displayed in Figure 2 confirm this. Figure 1 also
shows that consumers’ imports grew at roughly the same rates as liquidity throughout the sample
whereas it initially grew at a slower rate than output. Last, the rate of change in the relative price

series increased mid-sample and is due almost entirely to the increased growth rate of the TT CPI.

3.1 Non-seasonal and seasonal integration

The preliminary univariate data analysis commences with an analysis of the seasonal properties of
the data. Two test procedures are applied, namely that of Hylleberg et al. (1990) and Osborn et
al. (1988). Hylleberg et al. (1990) (henceforth HEGY) propose a method to test for the presence

3Considering consumers’ imports are traded at borders, the producer price index would be the preferred price
index of domestic non-durable consumers’ goods.



of seasonal and non-seasonal unit roots in quarterly time series based on the auxiliary regression

O(B)xay = it + TT14-1 + ToTo 41 + T332 + T4T3 -1 + €, (4)

where ¢(B) is an AR polynomial of order p — S, u; is at most

3
e = g + Z astt + /BOta

s=1

and where

gy = (1— B4):17t = Ay,
z1; = (1+ B+ B*+ B®)x,
z9s = —(1— B)(1+ B?)ay,
x3p=—(1— B2)l‘t.

The HEGY auxiliary regression can be estimated by ordinary lest squares (OLS), where the
order of ¢(B) is usually determined by diagnostic checks such that the estimated error process, €,
is approximately white noise. The appropriate differencing filter for x; is determined by testing the
significance of 7;, for j = 1,2,3,4. When m = m3 = m4 # 0 there are no seasonal roots present.
When 7; = 0 then the presence of the non-seasonal unit root 1 cannot be rejected.* When my = 0
the presence of the seasonal unit root —1 cannot be rejected and when 73 = m4 = 0 the seasonal

unit roots & ¢ cannot be rejected.

Table 1 reports the test results of applying the HEGY test procedure to the series m, y, wl, p,
p*, pr, m — p* and wl — p. The test statistics are presented in the top panel and are evaluated
using critical values tabulated in Frances and Hobijn (1997). The bottom panel reports the sample
period, the number of lagged dependent variables and the impulse dummies used to whiten the
errors in each test regression. Test results indicate there are no seasonal unit roots in any of the
series; that the m, wl and p, p* pr, m — p* and wl — p series each have a non-seasonal unit root,

i.e. are I(1,0); and that the y series may be trend stationary, i.e. may be I(0,0).

Osborn et al. (1988) (henceforth OCSB) and later Osborn (1990) propose a method to test for
the presence two non-seasonal unit roots and seasonal unit roots. The primary distinction between

this and the HEGY procedure is that the OCSB approach does not consider seasonal unit roots

“Note the HEGY test of m; = 0 is similar to the Augmented Dickey-Fuller test.



separately. It is based on the auxiliary regression
d(B)A1Agz; = py +m1(1 — By + m(1 — B)zy_s + €, (5)

where

S—1 S—1
e = oo + Z astt + BOt + Z Bstst-

s=1 s=1

The method first proposed by OCSB considers the case where all the (g, ..., Bs_1 terms are equal
to zero. Frances and Koehler (1996) propose not setting these parameters equal to zero in order
to select between models for time series with increasing seasonal variation. The OCSB auxiliary
regression can be estimated by OLS, where similar to the HEGY procedure, the order of ¢(B) is
usually determined by diagnostic checks such that the estimated error process, €, is approximately
white noise. The appropriate differencing filter for x; is determined by testing the significance of
w1 and mo. When w1 = my = 0 the A1Ag filter is appropriate. When 71 = mo # 0 no differencing
filter is needed. When 7; = 0 and 79 # 0 the Ay, i.e. the (1 - B), filter is appropriate. And when
71 # 0 and my = 0 the Ag, i.e. the (1 - BY), filter is appropriate.

Tables 2 reports the test results of the extended OCSB procedure for the case where (i, ...,
Bs—1 are set equal to zero and Table 3 reports the test results for the case where no restrictions
are imposed on the g coefficients. Similar to Table 1, the top panels in Tables 2 and 3 report the
test statistics which are evaluated using critical values tabulated in Frances and Hobijn (1997), and
the bottom panels report the sample period, the number of lagged dependent variables and the
impulse dummies used to whiten the errors in each test regression. The test results in Tables 2 and
3 are similar apart for rejection of the null hypothesis of non-seasonal integration at the 5 percent
level in the m and m — p* series when the auxiliary regression contains seasonal trend dummies.
Overall, the results found by applying the OCSB procedure confirm the earlier results found using
the HEGY procedure, i.e. there are no seasonal unit roots in any of the series and the m, wl, p,
p* pr, m — p* and wl — p series each have a non-seasonal unit root. Furthermore, the OCSB test

results provide further evidence suggesting the output series, y, is trend stationary.

3.2 Cointegration

The multivariate data analysis commences with an investigation of the stationary cointegrating
relationships of the system. The empirical analysis follows the VAR approach of Johansen (1988,
1991) and Johansen and Juselius (1990). It commences with a fifth-order VAR in the 4 stochastic



variables (m — p*, y, wl — p, pr) with an intercept, trend, centered seasonal dummies and regime
dummies, Dc, Dg and Ds.5 The treatment of the deterministic variables, i.e. how they enter the
system, is critical to a successful empirical analysis. In the following analysis only the trend term,
t, was restricted to enter the cointegration space, leaving the intercept, centered seasonal dummies

and regime dummies D¢, Dg and Ds unrestricted to be included in the short-run dynamics.5

Simplification tests on the initial VAR system suggested that a VAR(1) was sufficient for the
present analysis, see Table 4 for reduction test statistics. The final VAR system thus uses 1 lag,
an intercept, trend, centered seasonal dummies and regime dummies. The lag order was selected
such that the system and single equation diagnostic tests indicated that the model specification was
a satisfactory approximation to the unknown data generating process (DGP). In particular, the
appropriateness of the specification was tested against the single equation and system variations
of the Portmanteau test, the AR 1-4 test, The Jarque-Bera test for normality, the ARCH test for
homoskedasticity and Ramsey’s test for regression specification (RESET). Figures 3 and 4 display

the system graphical diagnostics and recursive evaluation statistics respectively.

The determination of the number of cointegration vectors is based on the result of formal testing,
the interpretability of the obtained coefficients of the eigenvectors, and graphical examination of the
recursive eigenvalues. Table 5 reports the formal test results of the cointegration analysis, i.e. the
eigenvalues and the associated trace (Ayqce) and maximum (An,q.) eigenvalue statistics along with
the estimated eigenvectors and adjustment coefficient vectors, 8 and « respectively.” The result
of formal testing supports the hypothesis that there are three cointegration vectors. The first
eigenvector resembles an import demand relation with positive long-run effects from the deviation
of output from trend and liquidity and a large negative effect from relative price levels.® The
second eigenvector has most of its coefficient estimates near zero and appears to represent a trend
stationary output relationship. The third partly resembles a liquidity (money) demand relation
with a positive relation to the deviation of output from trend. The negative relation to relative
prices, however, suggests a positive long-run effect from domestic prices which does not align with
economic theories of money demand.? Interpretation of the coefficients of the eigenvectors therefore

suggests there are two cointegration vectors.

®De is zero except for unity in 2008(4), 2010(2) and 2010(3) and adjusts for the largest residual outliers attributed
to the recent financial crises. Dg is zero except for + unity in 2003(4) and 2004(1) respectively and is attributed the
the commencement of large scale production of liquified natural gas in T'T which led to the economy being re-classified
as a gas-based economy as opposed to an oil-based economy. Ds is zero except for unity in 2011(3) and 2011(4) and
is attributed to the policy imposed curfew that lasted from August 21st, 2011 to December 5th, 2011.

Setting the trend unrestricted yields similar cointegration results but the interpretation is not as straightforward.

"The multivariate stationarity test statistics indicate stationarity is rejected for all series save for output but
only when the coefficient on trend is allowed to enter the long-run relation unrestricted. These results reconfirm the
integration test results reported in Section 3.1.

8Several authors have found similar results regarding coefficient signs in studies examining imports, output and
relative prices among other variables, see for example Watson and Teelucksing (1997) and Modeste (2011).

9Note the trend stationary relation of the second eigenvector is also present in the first and third eigenvectors.



Figure 5 plots the recursive eigenvalues for the estimated long-run relations. The first recursive
eigenvalue is decreasing till mid-sample, but becomes constant and is clearly non-zero; the second
is also constant from mid-sample and is also clearly non-zero; the third, however, is non-constant
throughout the sample, near zero in the mid-sample and only increases at the end of the sample;
and the fourth is everywhere close to zero. Graphical examination of the recursive eigenvalues

supports the hypothesis that there are two constant cointegration vectors.

The test statistics, interpretation of the eigenvectors and graphical examination support hypoth-
esis that there are two cointegration vectors. Therefore, subsequent analysis, results and discussions
will be based on the assumption of two restricted cointegration vectors which are determined by

excluding the regime dummies, intercept and centered seasonal dummies, but including the trend.

The following identification restrictions, reported in Table 6, were imposed on the unrestricted
cointegration vectors: for long-run consumers’ imports the trend stationary output relation of
the second cointegration vector and an opposing effect from liquidity one-fourth that of relative
prices estimated by the model, i.e. for an order of 5’ = (m — p*,y,wl — p, pr,t) restrictions were
8" = (1, —a,—b,4b, ac); and for output zero restrictions on all stochastic variables leaving the trend
coefficient to be estimated by the model, i.e. 8/ = (0,1,0,0,—c). The estimated values for a, b and
¢ were 0.874, 0.299 and 0.023 respectively. Figure 6 displays the data mapped to the I(0) linear

combinations defining the error correction terms given by:
eecmly = (m — p*)y — (0.874y, — 0.020t) — 0.299(wl — p); + 1.197pry (6)
and

ecm?2; =y, — 0.023t, (7)

It is worth noting that the first cointegration vector as posited by hypothesis H; appears to be
the linear combination of two stationary processes, namely a stationary relation among consumers’
imports, liquidity and relative prices and the trend stationary output relation.'® Formal test results
reported in Table 6 support this claim. Specifically, hypothesis H,; for the consumers’ imports
cointegration vector wherein a = 0, i.e. the coefficient on output and by construction also the
coefficient on trend, is not rejected; and hypothesis H,o wherein the coefficients on the output and
trend variables enter the cointegration relation unrestricted yields a long-run relation identical to
that found when the trend stationary output relation is imposed. Interpreted individually, the first

cointegration vector proposed by hypothesis H,; suggests a positive long-run effect from liquidity

0Note that any linear combination of the stationary vectors is also a stationary vector and therefor direct inter-
pretation of individual cointegration vectors is not always interesting, see for example Johansen and Juselius (1992).



and a large negative effect from relative price levels but no long-run effect from output. This relation
does not appear very interesting on its own seeing as output has no long-run effect. Considering both
cointegration vectors jointly, however, suggests a more meaningful economic relation wherein both
error /proportional and integral control mechanisms influence economic behavior. Several empirical
studies on consumers’ expenditure found evidence of both error and integral control mechanisms,
see inter alia Hendry and von Ungern-Sternbeg (1981) and Campos and Ericsson (1988); and
it is reasonable to conjecture that both mechanisms would play important roles in cases where
consumers’ imports constitute a large share of consumer’s expenditure.!! Since the cointegration
relation which includes the trend stationary relation appears the more economically meaningful

stationary relation subsequent analysis will be based on this as the first stationary relation.

The restricted cointegration vectors were tested for lying in the cointegration space jointly with
testing for long-run weak exogeneity of (y,wl — p,pr) for the consumers’ imports function, i.e.
the long-run consumers’ imports relation not appearing in any of the other stochastic equations;
and (m — p*,wl — p,pr) for the long-run trend stationary output relation, which would suggest
the system could be reduced to a 3-dimensional system by conditioning on y if this hypothesis is
not rejected. The long-run weak exogeneity tests involved testing restrictions on the adjustment
coefficient vectors, /s, with the eigenvectors, 4’, identified as in (6)—(7). For example, testing the
long-run weak exogeneity of the consumers’ imports function on the remaining stochastic variables
had the form o/ = (%,0,0,0)’. Formal test results presented in Table 7 suggest the trend stationary
output relation is weakly exogenous for all other stochastic variables; and the consumers’ imports
relation is long-run weakly exogenous for output and liquidity but not relative price variables. The
result suggesting the consumers’ imports relation is not long-run weakly exogenous for relative prices
is in line with the findings of Primus et al. (2011) and Mahabir and Jagessar (2011) wherein foreign
prices Granger-cause domestic prices and there is imported inflation in TT prices. Altogether these
results suggest a conditional (single equation) model of consumers’ imports will not suffice, but

rather modeling the linear dynamic system would be appropriate, see Hendry and Doornik (1994).

4 General to specific modeling of the system

To establish a baseline innovation variance the system modeling exercise commences with estimating

the 6-equation system in (d(m—p*)s, dy, d(wl—p)s, dpry, ecm1y, ecm2;).'? Here, the error correction

Hntegral control mechanisms (ICMs) are most easily interpreted by introduction of a state variable defined by
using end-of-period definitions, such as liquid balances. In terms of the other variables in the system, the ICM
is the integral of past discrepancies between the choice variables in the error correction mechanism, for example
consumption and income/output.

12Given the long-run weak exogeneity of y and w1 — p for the parameters of the import demand equation it would
suffice to condition on dy and d(wl — p) in the dynamic system. The system is preserved, however, as this readily

10



terms are defined by identities as such a representation allows for a more interpretable model. The

identities for the error correction terms follow from their construction in (6)—(7) and are given by:
eemly = ecmli—q + d(m — p*)y — (0.874dy; — 0.020dt) — 0.299d(wl — p)y + 1.197dpry  (8)

and
ecm2; = ecm2¢_1 + dy; — 0.023dt, 9)

The available information set for system estimation therefore comprises ((d(m—p*);—;, dys—;, d(wl—
P)t—i, dp;_;, dpi—i, ecmly, ecm?2;)) for i = 1, ..., 4, together with an intercept, centered seasonal dum-
mies and regime dummies Dc, Dg and Ds. Recall the trend was restricted to enter the cointegration
space and so is not included in the current information set. During the short-run analysis the rel-
ative price variables dpr;—; were separated into dp;_;, and dp;—; to test for asymmetric effects of
domestic and foreign inflation and also as there was no a priori reason to impose these restrictions
in the short-run. Tables 8—11 display the system regression estimates and Table 12 the residual

correlations of the of the general unrestricted model (GUM).

Reduction from the GUM to the final parsimonious model occurs in two steps. First the Au-
tometrics algorithm of PcGive is applied equation by equation.'® Second, nonzero parametric
restrictions were imposed to arrive at a more parsimonious and economically interpretable specifi-
cation. In particular, the restriction of equality on the four lags of output growth in the consumers’
imports equation, which may be interpreted a statistical smoothing of output in order to extract
changes that are more permanent; and of equality on the first and third lags of foreign inflation
in the relative price equation that implies the term (de;f_l + dop}_5), which may be interpreted
as both a statistical smoothing of past and a data-based predictor of future foreign inflation. The

reductions result in the following system specification:

d(m-p*) = — 0.24 d(m-p*),_; + 0.7 day;_y — 1.1 d(wl-p),_4
(0.099) (0.21) (0.24)

+ 4.7 dp*,_o + 1.6 dp,4, — 0.24 ecml;_;

(1.6) (0.73) (0.093)
— 31 — 031 CS; — 0.056 CS;—1 — 0.045 CS;_o
(1.2) (0.031) (0.037) (0.029)

allows for testing strong and super exogeneity.

13The following Autometrics settings were used: target size was set to 0.10; no outlier and break detection; pre-
search lag reduction and pre-search variable reduction were turned on; search effort was set to 1; backtesting was set
to GUM 0; the tie breaker was the Schwarz Criterion; diagnostic test p-value was set to 0.01; and GIVE was set to
do the reduced form first. Note the fourth lag of the change in liquidity, i.e. d(wl — p);—4 was set unrestricted in the
liquidity equation, and lead to a more sensible final equation.

11



dy = — 025dy, 3 — 0.69 ecm2_; — 0.14 Ds

(0.098) (0.12) (0.022)
+ 25 — 0.013 CS; + 0.016 CS;—; + 0.014 CS;_»
(0.45) (0.013) (0.012) (0.012)
d(wl-p) = 0.069 d(m-p*),_, — 0.25 d(wl-p),_, — 1.1 dp*;_;
(0.035) (0.1) (0.65)

—0.043 D¢, + 0.1 Dg, + 0.026

(0.017) (0.021) (0.0058)
+ 0.031 CS; — 0.02 CS;—1 + 0.0073 CS;_2
(0.012) (0.011) (0.016)
dpr =  0.04 d(m-p*),_; — 0.087 dy,_, — 0.6 (d’p*;_1+dap™i_2)
(0.012) (0.027) (0.15)
— 0.044 ecml;,_1 — 0.049 Dc; — 0.55
(0.011) (0.0047) (0.13) (10)
+0.0047 CS; + 0.013 CS;_; — 0.012 CS;_»
(0.0032) (0.0039) (0.0037)

log-likelihood = 542.82  -T/2log|Omega| = 877.69
no. of observations = 59  no. of parameters = 35
LR test of over-identifying restrictions: x2(93) = 84.21 [0.731]

System summary statistics are reported under (10), Table 13 reports the correlation of structural
residuals, Table 14 reports system diagnostics using the reduced-form residuals and Figure 7 displays
the graphical system diagnostics. The summary statistics clearly indicate a good fit of the system,
with a system Likelihood Ratio (LR) test of over-identifying restrictions statistic of 84.21 (p-value =
0.731) and individual regression standard errors of 0.071, 0.030, 0.029, 0.008 for equations d(m—p*),
dy, d(wl — p) and dpr respectively. None of the diagnostic tests are rejected for the individual
equations or the system save for the heteroskedasticity test for the liquidity equation which is
rejected at the 5 percent significance level. Altogether, these results indicate that the VEqCM
given by (10) is statistically well specified. Moreover, the recursive estimates portrayed in Figure

8 depict empirically constant parameters and provide evidence of the model’s robustness.

Estimation results for the change in consumers’ imports equation indicate significant short-run
effects from consumers’ imports, output and liquidity growth, foreign and domestic inflation, and

moderate adjustment to long-run disequilibrium. Specifically, changes in consumers’ imports are
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negatively correlated with an estimated coeflicient of -0.24; positively related to smoothed output
growth and both foreign and domestic inflation, albeit at different lags, with estimated coeflicients
0.7, 4.7 and 1.6 respectively; and negatively related to liquidity growth with an estimated coeffi-
cient of -1.1. The estimated short-run elasticities for foreign and domestic inflation suggests that
consumers are more concerned with the former and also that it affects their decision making and/or
enters their information set sooner than the latter. The estimated long-run adjustment coeflicient
suggests that approximately 25 percent of long-run disequilibrium is adjusted each quarter. This
estimate is notably larger than those found in previous studies which are generally near 20 percent

per year, though only for a subsection of total goods imports, see for example Modeste (2011).

Estimation results for the remaining system equations also provide some explanatory power
but it is the relative price series that appears most interesting among them in the current analysis.
Output growth is negatively autocorrelated, responds strongly to deviations from its long-run trend
and as expected was influenced by the policy imposed curfew of the last two quarters of 2011, Ds.
Liquidity growth depends on lagged changes in consumers’ imports, liquidity and foreign inflation,
and was influenced by regime dummies associated with the financial crises, D¢, and the onset of
large scale production of liquified natural gas in TT, Dg. Changes in relative prices depends on
the term (dzpf;_l + dop}_,), somewhat on lagged changes in consumers’ imports and output and
very little to long-run disequilibrium in consumers’ imports. Note that domestic inflation is not
an explanatory variable for relative prices, which may seem surprising at first given that foreign
inflation is essentially an exogenous variable in the current analysis. Inspection of the CBTT
monetary policy decisions, however, indicate that expectations of US monetary policy is one of
the key factors taken into consideration when setting TT monetary policy and thus lends some

credence to this result.!?

5 Evaluating the model

5.1 Parameter constancy

Figure 8 reports for the latter part of the sample the recursive FIML coefficient estimates along
with the respective 1-step residuals, +2 standard error bands, and the 1-step ahead (lup) and
Break-point Chow statistics. Recursive coefficient estimates show little variation throughout the
available estimation period, and lup and Break-point Chow statistics are all insignificant. These

statistics all point to the empirical constancy of the model’s parameters.

'4See CBTT Monetary Policy Decisions.
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5.2 Exogeneity

The strong and super exogeneity of output and liquidity were tested for the parameters of the
consumers’ import equation. Specifically, the significance of parameter estimates on lagged output
and liquidity growth in the consumers’ import equation were evaluated to test the Granger non-
causality of these variables. Estimation results reported in (10) indicate statistically significant

feedback from these variables and hence strong exogeneity is rejected in both cases.

The significant impulse dummies found in the equations for output and liquidity growth were
tested for relevance in the change in consumers’ import equation. Estimation results reported in
(10) point to the irrelevance of the regime dummies significant to both output growth, Ds, and

liquidity growth, Dc and Dg, and thus super exogeneity is not rejected for either variable.

Together, the strong and super exogeneity test results suggest that multistep-ahead forecasting
of the consumers’ import equation is not recommended outside of a system specification and that
valid inference from counterfactual simulations may be drawn from those altering future paths of

both output and liquidity.

5.3 Encompassing

The model developed in this study was evaluated to determine its ability to account for the results
of the models of Watson and Teelucksingh (2000) and Modeste (2011). Watson and Teelucksingh
(2000) modeled the log of consumers’ imports as a function of its lagged value, contemporaneous
and lagged values of real GDP and the ratio of the import price index relative to the retail price
index using annual time series data for 1970—1996. Modest (2011) estimated elasticities for the
traditional and disaggregated expenditure models of import demand for three caribbean countries,
including TT, using the bounds test for cointegration and annual time series data for TT for
1968—2006.'% The unrestricted models estimated by Watson and Teelucksingh (2000) and Modeste
(2011), for the traditional model, are given respectively by:

k

k k
(m—p")e=ao+ Z oi(m —p*)e—i + Z a21Yt—i + Z Q3ipri—i + ¢, (11)
i=1 i=0 i=0

5The traditional model of import demand models imports as a function of income and relative prices, whereas
the disaggregated expenditure model models imports as a function of private and public consumption expenditure,
expenditure on investment goods, and receipts from exports.
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k

k k
dim —p*)e=Bo+ Y _ Budm —p i+ > Badyei+ > PBaidpri_i + Precmar g1+ (12)
i=1 i=0 =0

In the above equations, m — p* represents real consumers’ imports in (11) and real imports in (12),

y represents real GDP in (11) and real income in (12), pr represents relative prices and ecmpy; is

an error correction term.'® Estimation results reported in the respective articles were!”

m-p*, = — 5276 + 0562 m-p*_, + 0.838 y,,
(2.943) (0.146) (0.359)

6 =01513 R?>=0.749 Adj. R2 =0.724 RSS = 0.458  F-statistic = 29.807

and

d(m-p*), = —0.018 + 1.203 dy; — 0.343 dpr; — 0.207 ecmpsq -1,
(0.023) (0.326) (0.161) (0.066)

Adj. R =097  F-statistic = 9.861 AR = 4.024 [0.258]  Normality = 0.355 [0.830]

where the long-run elasticities for the error correction term ecmjs; were estimated as

m-p*, = 2383 + 1255y, — 0.384 pr,.
(0.908) (0.356) (0.09)

The models of Watson and Teelucksingh (2000), Modeste (2011) and the specification of the
consumers’ imports equation developed in this paper can be viewed as contending theories nested

in the general single equation model given by
k k
d(m —p ) =Y Nmid(m —p i+ > Y nuidzj_;+af (m—p )1 + g +ep,  (13)
i=1 z =0

where 2 = (y,wl — p,pr), n;; for j = m, z are parameter estimates on the stochastic terms, ¢; are
deterministic terms and @ is the vector of parameter estimates on ¢;. Using (15) as a start point,

it is now possible to perform encompassing and misspecification tests.

Equations (11) and (12) were re-estimated using the current quarterly dataset, including centered

16Watson and Teelucksingh (2000) compute real consumers’ imports as the nominal TT dollar value deflated by
the imports of non-durable consumer goods deflator.
"Note the diagnostic statistics reported under each equation were the statistics made available in each publication.
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seasonal dummies, and produced the following respective results:®

d(m-p*) = — 56 — 037 mp*_; + 027y,
(1.4) (0.096) (0.07)
— 0.29 CS; — 0.029 CSy;—; — 0.065 CS;_2,
(0.034) (0.036) (0.033)

T=59 6=0.090 R?=0.747 Adj. R? =0.724 RSS = 0.426

F(5,53) = 31.37%% [0.000]  AR: F(4,49) = 1.000 [0.417] ARCH: F(4,51) = 1.227 [0.311]
Normality: x?(2) = 0.790 [0.674]  Hetero: F(7,51) = 1.663 [0.139]

Hetero-X: F(14,44) = 1.333 [0.228] RESET23: F(2,51) = 0.894 [0.415]

and
d(m-p*) = — 6.2 — 0.048 dy, — 0.16 dpr; — 0.42 ecmpsy -1
(1.5) (0.29) (0.84) (0.1)
— 0.29 CS; — 0.023 CS;—1 — 0.066 CS;_2,
(0.036) (0.036) (0.033)

T=59 6&=0.08 R?2=0.754 Adj. R? =0.726 RSS = 0.414

F(6,52) = 26.59** [0.00]  AR: F(4,48) = 0.875 [0.486]  ARCH: F(4,51) = 1.216 [0.316]
Normality: x?(2) = 0.865 [0.649]  Hetero: F(9,49) = 1.305 [0.259]

Hetero-X: F(21,37) = 0.854 [0.643] RESET23: F(2,50) = 0.888 [0.418]

where re-estimation of long-run elasticities for ecmps; yielded!?»20

m-p* = —14.836 + 0.653 y, — 0.13 pr, — 0.709 CS; — 0.055 CS;—1 — 0.159 CS;_s.
(1.019) (0.231) (0.557) (0.236) (0.086) (0.087)

The consumers’ imports equation of the VEqCM was re-estimated as a single equation by OLS

¥ Note the estimated elasticities on lagged imports in Watson and Teelucksing (2000) and contemporaneous output
growth in Modeste (2011) have opposite signs to those found using the annual data samples in the respective studies.

9The long-run solutions were solved using a first-order ADL. Initially a fifth-order ADL that included an intercept
and centered seasonal dummies was estimated but reduction to the first-order ADL was preferred by the SC, HQ and
AIC.

20G8everal ADL specifications were estimated to derive static long-run solutions used to create the ecmas term, for
example without an intercept and/or centered seasonal dummies. The specification reported contains an unrestricted
intercept and unrestricted centered seasonal dummies. All specifications led to similar encompassing test results.
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and produced the following parameter estimates

d(m-p*) = —0.24 d(m-p*),_; + 0.75 d4y;_; — 1 d(wl-p),_4
(0.1) (0.23) (0.26)

+ 4.7 dp*,_o + 1.8 dp,_4 — 0.22 ecml;;

(1.6) (0.77) (0.097)
— 031 — 28 CS; — 0.05 CS;_1 — 0.046 CS;_o
(0.031) (1.2) (0.039) (0.029)

T=59 6=0072 R?>=0.850 Adj. R?=0.823 RSS = 0.252
F(9,49) = 30.91** [0.000]  AR: F(4,45) = 0.247 [0.910]  ARCH: F(4,51) = 1.034 [0.399]
Normality: x?(2) = 0.562 [0.755]  Hetero: F(15,43) = 1.165 [0.334]

Table 15 reports the encompassing and misspecification test results for the models of Watson and
Teelucksing (2000) and Modeste (2011) against the specification developed in this paper, labeled
WT, M and B respectively. In particular, the tests of Cox (1961), Ericsson (1983), Sargan (1980)
and a joint model F-test are used to test the encompassing results. Results suggest the specification
developed in this study encompasses the models of Watson and Teelucksing (2000) and Modeste
(2011) for the specified sample period.?! The specification developed in this study thus makes an

important contribution in the progressive research towards understanding consumers’ imports.

5.4 Forecasting

The VEqCM of consumers’ imports developed in this paper demonstrates desirable statistical prop-
erties and appears to be a sufficient approximation of the underlying DGP. These reasons make the
model a potentially useful tool for ex ante and ex post forecasts, and policy simulations at least
with respect to output and liquidity. 1-step ahead forecasting from this model is straightforward
given the current quarter change in the stochastic variables depends only on lagged information
and multistep-ahead forecasting is also possible given the system specification. Ex posts forecasts
which are often used to asses the constancy of a model, see for example de Brouwer and Ericsson

(1998) and Hendry and Doornik (1994), are however only considered for 1-step ahead forecasts.

2'The model developed in this study parameter encompasses the models of Watson and Teelucksing (2000) and
Modeste (2011). Given the quarterly dataset, versions of the latter models with enriched dynamics selected by Auto-
metrics were also estimated to test encompassing results with test results unchanged. Furthermore, abstracting from
the nonzero parametric restrictions applied to the model developed in this paper led to more favorable encompassing
test results.
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For the ex post forecasting exercise (10) is re-estimated over the subsample 1997(2)—2009(4) and
the re-estimated parameters are then used to produce forecasts over the period 2010(1)—2011(4).22
Figure 9 displays the actual, fitted and forecast values of changes in consumers’ imports, output,
liquidity and relative prices, with 4+ 2 standard error bars for each forecast. The forecasts track
the realized values of consumers’ imports well with all point forecasts falling within the standard
error bars and near the realized values. The accuracy of these forecasts are in spite of both the
financial crisis and policy imposed curfew regimes, and thus further attests to the constancy of the
model for consumers’ imports developed in this paper. Moreover, the model successfully predicts
the directional change of the point estimate in all but one forecast, specifically 2010(4) which is
the first point forecast after the end of the financial crisis regime. This result suggests the model
is well suited for forecasting consumers’ imports but that caution must be made when exiting and

possibly entering a regime that would affect the demand for liquidity and/or inflation.

The VEqCM also forecasts the remaining stochastic variables fairly accurately, with the caveats
that it does not anticipate the policy regime that affected output and that which initially signaled
the end of the financial crisis. As a result, forecasts for output fall outside the respective 95%
confidence intervals for the final two observations of the forecast period, i.e 2011(3) and 2011(4)
whereas they otherwise tracked the series well; and forecasts for relative prices fall outside the
confidence interval for the first period indicating the end of the financial crisis, i.e 2010(2). Notably,
the liquidity series does not encounter any of the issues that hinder the performance of the other
series as all forecasts fall within the confidence intervals though the forecast for 2009(1) sits virtually

at the confidence interval. Whether or not this last result is spurious, however, is untested.

6 Concluding remarks

This this paper examines liquidity effects on the demand for imports of non-durable consumers
goods. The case of Trinidad and Tobago is examined as it fits the description of both a small island
developing state and a small non-renewable natural resource economy, both small open economies
for which consumers’ expenditure on imports are likely to represent a large share of aggregate
consumers’ expenditure. A parsimonious vector equilibrium correction model (VEqCM) is used to
test the hypotheses that liquidity has both long- and short-run effects on consumers imports, and

whether there are asymmetric foreign and domestic price effects.

Liquidity, which is measured as the start of period M2 money supply, is found to have both long-

and short-run effects on imports of non-durable consumers’ goods. Cointegration analysis reveals

22Note, no location shifts are used in the forecasting exercise.
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a long-run relation among consumers’ imports, the deviation of output from trend, liquidity and
the ratio of foreign relative to domestic prices. Specifically, output and liquidity are found to be
positively related to consumers’ imports with elasticities near 0.9 and 0.3 respectively; and relative
prices negatively related with an elasticity near -1.2. Note that despite employing a measure of
income different from that commonly used in the literature, i.e. the domestic production index as
opposed to real GDP or real income, the long-run effects of income are still found to be significant.

In the short-run liquidity is found to have a lagged negative effect on consumers’ imports.

General to specific modeling reveals negative autocorrelation from consumers’ imports, asym-
metric foreign relative to domestic price effects, a significant role for income, and moderate dis-
equilibrium adjustment. Results indicate both foreign and domestic prices have lagged positive
effects on consumers’ imports, albeit at different lags. The previous four quarters of output growth
were found to be positively related to changes in consumers’ imports in a manner that may suggest
consumers are more concerned with output changes that are more permanent. Long-run disequilib-
rium adjustment was estimated at approximately 25 percent each quarter. This estimate is notably
larger than those found in previous studies, which were generally near 20 percent per year, albeit

for a long-run relation that abstracted from liquidity and that focused on total goods imports.

The VEqCM developed in this study improves on previous specifications, demonstrates desirable
statistical properties and appears a sufficient approximation of the underlying DGP. Recursive
estimates and 1-step ahead ex-post forecasts demonstrate the empirical constancy of the system’s
parameters. Strong exogeneity test results suggest valid inference on multi-step forecasting is only
possible in a system specification and super exogeneity test results suggest valid inference on policy
simulations may only be made regarding output and liquidity. Encompassing test results indicate
the specification developed in this paper parameter encompasses previous models and highlights the

important role of liquidity, and indirectly monetary policy, in understanding consumers’ imports.
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8 Appendix: Tables and Figures

Table 1: An application of the test regression of Hylleberg et al. (1990)
Computed with a constant, trend and seasonal dummies

Null m Y wl P Dk pr m—p*x*x wl—p
tm -1.73 -2.78 -1.91 -0.26 -2.01 -0.35 -1.73 -2.04
tmo -4.22%% -4.23%* -3.99%* -4.10%* -4.69%* -4.60%* -4.21°%* -4.79F*
F(m3,m4) 26.77%* 13.98%* 27.45%* 37.95%* 29.79** 22.76** 26.19** 19.72%*
F(mo, 73, mq)  23.01%* 15.55%* 26.10%* 28.49** 36.69** 40.36** 22.57%* 19.77%*
F(my,...,mq)  17.45%* 11.76** 21.23** 21.79%* 27.59** 30.96** 17.06** 16.36**
Sample 97:1-11:4 98:1-11:4 97:1-11:4 97:1-11:4 97:1-11:4 97:1-11:4 97:1-11:4 97:1-11:4
Lags 1 1 1 3 2 4 1 1
Dummies - 11:3, 11:4 04:1 08:3, 10:2, 08:2, 08:4 08:3, 08:4, - -
10:4 10:2, 10:4
Table 2: An application of the test regression of Osborn et al. (1988)
Computed with a constant, seasonal dummies and trend
Null m Y wl P Pk pr m—pxx wl—p
tmy -2.44 -4.41%% -0.36 -0.58 1.62 0.27 -2.57 -0.49
tmo -T.45%% -5.97** -8.62%* -8.84% -9.40%* -9,k -7.38%* -7.55%*
F(m,m)  44.30%* 40.35%* 51.92%* 79.43%* 54.76%* 72.16%* 44.33%* 41.35%*
Sample  97:1-11:4 98:1-11:4 97:2-11:4 97:1-11:4  97:1-11:4 97:1-11:4 97:1-11:4 97:1-11:4
Lags 1 0 1 1 2 3 1 0
Dummies - 11:3, 11:4 04:1 08:3, 10:2, 08:2, 08:4 08:4, 10:2, - -
10:4 10:4
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Table 3: An application of the test regression of Osborn et al. (1988)
Computed with a constant, seasonal dummies, trend and seasonally trend dummies

Null Y wl P D pr m —p* %
tmy 217 % -3.25%* -0.14 -0.01 2.22 0.33 -2.31°%
o -7.91°%+* -5.10%* -8.99%* -8.99%* -9.78%* -10.2%* -7.85%*
F(m,m)  48.30%*  24.64*%*  55.53** T7.55%* 58.32%* 76.68** 48.43** 61.46%*
Sample  97:1-11:4 98:1-11:4 97:2-11:4 97:1-11:4  97:1-11:4  97:1-11:4 97:1-11:4 97:1-114
Lags 0 1 1 3 3 1
Dummies - 04:1 08:3, 10:2, 08:2, 08:4 08:4, 10:2, -
10:4 10:4

Table 4: F and related statistics for the sequential reduction from a fifth to first-order VAR
The sample is 1997(2)—2011(4) for 59 observations
Computed with a constant, trend, centered seasonal dummies and regime dummies D¢, Dg and

Ds.
Null Maintained
System  k A SC/HQ/AIC VAR(5) VAR(4) VAR(3) VAR(2)
VAR(5) 112 583.97 -12.06/-14.46/-15.99
+
VAR(4) 96 568.43 -12.63/-14.70/-16.01 1.01
[0.45]
3 (16,86)
VAR(3) 80 550.49 -13.13/-14.85/-15.95 1.18 1.35
[0.26] [0.18]
i (32,104) (16,98)
VAR(2) 64 536.73 -13.77/-15.15/-16.03 1.18 1.26 1.14
[0.24] [0.18] [0.33]
i (48,109) (32,119) (16,110)
VAR(1) 48 531.15 -14.69/-15.72/-16.38 1.01 1.01 0.82 0.49
[0.47] [0.46] [0.74] [0.95]
(64,111) (48,125) (32,134) (16,122)
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Table 5: Cointegration analysis of time series data

The sample is 1997(2)-2011(4) for 59 observations

Computed with a constant, trend, centered seasonal dummies and regime dummies (D., D, and
Dy). All deterministic terms except the trend are set unrestricted in the cointegration space.

Hypotheses r=1 r=2 r=3 r=4

FEigenvalues 0.462 0.410 0.356 0.082
Atrace 98.82** [0.00] 62.22** [0.00] 31.05** [0.01] 5.06 [0.60]
A ace 92.12** [0.00] 58.00** [0.00]  28.95* [0.02] 4.72 [0.64]
Amaz 36.60* [0.01]  31.17*%% [0.01] 25.99** [0.00] 5.06 [0.60]
Al 34.12* [0.02]  29.05* [0.02] 24.23%*% [0.01] 4.72 [0.64]

max

FEigenvectors (8

m — px 1 0.075 -0.302 -0.224
Y -0.913 1 -0.457 -0.442
wl —p -0.307 -0.027 1 -0.525
pr 1.228 -0.069 1.239 1
t 0.021 -0.023 0.010 0.038
Weights o
m — px -0.362 0.364 0.251 0.128
Y 0.016 -0.697 0.046 0.015
wl —p 0.081 0.034 -0.194 0.034
pr -0.037 -0.053 -0.068 -0.005

Table 6: Structural hypotheses in the cointegration space

Hypotheses Eigenvector(s) Likelihood ratio (df) p-value i =a,b,c
Hi: (1, -a, -b, 4b, ac) 1 0.008 (1) 0.929  a=0.874, b= 0.299
Hy: (0, 1,0, 0, -c) P 0.011 (2) 0.994 ¢=0.023
Hy: Hy + Hy 1,2 0.016 (3) 0.999 -
Ha: (1,0, -c, 4c, 0) 1 0.001 (2) 0.999 ¢ = 0.302
Hao: (1, -*, -c, de, **) 1 0.008 (1) 0.929  ¢=0.306, * = 0.885,
* =0.021

25



Table 7: Long-run weak exogeneity tests (tested jointly with hypothesis Hs)

Hypotheses

Feedback Vectors
1

1
1
1
2

Likelihood ratio (df)

19.154** (6)
13.344* (5)
6.653 (5)
17.884%* (5)
2.776 (6)
9.543 (8)

p-value
0.004
0.020
0.248
0.003
0.836
0.299

é[,

(-0.49, 0, 0, 0)
(-0.45, 0, 0.10, 0)
(-0.36, 0, 0, -0.04)
(-0.50, -0.05, 0, 0)

(0, -0.74, 0, 0)
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Table 8: An unrestricted VEqCM of consumers’ imports in TT 1997(2)-2011(4): Eq’n d(m-p*)

Variable lag(y)
0 1 2 3 4
d(m-p*) - -0.292  -0.083 -0.195 -0.185
(0.226) (0.210) (0.188) (0.145)
dy - 0.512 0.659 0.196 0.603

(0.746)  (0.623) (0.559) (0.421)

d(wl-p) - 0.150 0.279  -1.031 0.051
(0.371) (0.350) (0.330) (0.375)
dp* - 0.071 5.939 0.962  -0.828
(2.233) (2.551) (2.682) (2.671)
dp - -0.108 1.367 0.395 1.344
(1.583) (1.264) (1.312) (1.136)
ecml1 - -0.133 - - -
(0.185)
ecm?2 - 0.430 - - -
(0.826)
Dc -0.064 - - - -
(0.068)
Dg 0.050 - - - -
(0.071)
Ds 0.020 - - - -
(0.079)
constant  -3.323 - - - -
(3.210)

CcS,  -0.291  0.035  0.017
(0.065) (0.081) (0.072)
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Table 9: An unrestricted VEqCM of consumers’ imports in TT 1997(2)-2011(4): Eq’'n dy

Variable lag(y)
0 1 2 3 4
d(m-p) - 0.161 0.070 0.015 0.022
(0.086) (0.079) (0.072) (0.055)
dy - 0.028 -0.173 -0.390 -0.049

(0.283) (0.236) (0.212) (0.160)

d(wl-p) - 0.013 0.073 0.074 0.332
(0.141) (0.133) (0.125) (0.142)
dp* - -1.072 0.807  -1.929 0.048
(0.848) (0.968) (1.018) (1.014)
dp - -0.109  -0.094 -0.734 0.394
(0.601) (0.480) (0.498) (0.431)
ecml1 - -0.060 - - -
(0.070)
ecm?2 - -0.781 - - -
(0.313)
Dc -0.021 - - - -
(0.026)
Dg 0.037 - - - -
(0.027)
Ds -0.161 - - - -
(0.030)
constant  2.122 - - - -
(1.218)

CS; 0.005  0.070  0.018 - -
(0.025)  (0.031) (0.027)
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Table 10: An unrestricted VEqCM of consumers’ imports in TT 1997(2)-2011(4): Eq’'n d(w1-p)

Variable lag(7)
0 1 2 3 4
d(m-p) - 0.039 0.122  -0.012  0.011

(0.086) (0.080) (0.072) (0.055)
dy - 0.066 0.051 -0.157 -0.054
(0.283) (0.236) (0.212) (0.160)

d(wl-p) - 0.161 0.039 0.076  -0.216
(0.141) (0.133) (0.125) (0.142)
dp* - -1.045  -0.921 1.576  -2.473
(0.847) (0.968) (1.018) (1.014)
dp - 1.115 -0.549 0.733 0.143
(601)  (0.480) (0.498) (0.431)
ecml1 - 0.010 - - -
(0.070)
ecm?2 - -0.020 - - -
(0.313)
Dc -0.078 - - - -
(0.026)
Dg 0.117 - - - -
(0.027)
Ds -0.032 - - - -
(0.030)
constant  0.216 - - - -
(1.218)

CS; 0.054  0.017  0.056
(0.025)  (0.031) (0.027)
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Table 11: An unrestricted VEqCM of consumers’ imports in TT 1997(2)-2011(4): Eq’n d(pr)

Variable lag(y)
0 1 2 3 4
d(m-p) - 0.046 0.011 0.004  -0.002

(0.025) (0.023) (0.021) (0.016)
dy - 0129 -0.174 -0.068  -0.038
(0.083) (0.069) (0.062) (0.047)

d(wl-p) - -0.008  -0.002 -0.023 -0.034
(0.041) (0.039) (0.037) (0.042)
dp* - -0.328  -0.264 -0.382  -0.195
(0.248) (0.283) (0.298) (0.296)
dp - 0.199 -0.011 -0.021 0.053
(0.176) (0.140) (0.146) (0.126)
ecml1 - -0.060 - - -
(0.021)
ecm?2 - 0.050 - - -
(0.092)
Dc -0.054 - - - -
(0.008)
Dg -0.005 - - - -
(0.008)
Ds -0.012 - - - -
(0.009)
constant  -0.919 - - - -
(0.356)

CS;  0.005 0.009 -0.010
(0.007)  (0.009) (0.008)

Table 12: Correlation of structural residuals (standard deviations on diagonal)

d(m-p*) dy  d(wl-p) dpr
d(m-p*) 0.081 0.127 0.193  -0.060

dy 0.127 0.031 0.105  -0.122
d(wl-p) 0.193 0.105 0.031 0.033
dpr -0.060 -0.122  0.033 0.009
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Table 13: Correlation of structural residuals (standard deviations on diagonal)

d(m-p*)
dy
d(wl-p)
dpr

d(m-p*)
0.071
0.093
0.234
-0.092

dy d(wl-p) dpr
0.093 0.234  -0.092
0.030 0.054  -0.195
0.054 0.029 0.083
-0.195  0.083  0.008

Table 14: Single-equation and system diagnostics using reduced-form residuals

Eq'n Test Test type Stat [p-value]
d(m-p*) AR 14 F(4,43)  0.499 [0.736]
d(m-p*) ARCH 14  F(451)  0.639 [0.638]
d(m-p*)  Normality 2 (2) 1.418 [0.492]
d(m-p*) Hetero F(19,39) 1.013 [0.469]

dy AR 14 F(4,48)  1.206 [0.321]
dy ARCH 14 F(4,51) 0.545 [0.703]
dy Normality 2 (2) 2.080 [0.354]
dy Hetero F(8,50)  1.078 [0.394]
d(wlp) AR 14 F(4,46)  0.763 [0.555]
d(wl-p) ARCH1-4  F(4,51)  0.808 [0.526]
d(wl-p)  Normality 2 (2) 0.689 [0.708]
d(wl-p) Hetero F(12,46) 1.990* [0.048]

dpr AR 14 F(4,45)  0.455 [0.768]

dpr  ARCH1-4  F(4,51)  0.358 [0.837]

dpr Normality X2(2) 5.913 [0.052]

dpr Hetero F(14,44)  0.454 [0.945]
Vector SEM-AR 1-4 F(64,123)  0.839 [0.780]
Vector ~ Normality X2(8) 11.241 [0.188]
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Figure 1: TT time series data, 1996(1)—2011(4)
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Table 15: Encompassing test statistics
Test Distribution WT v B p-value Distribution B v WT p-value
Cox N(0,1) -10.44**  0.000 N(0,1) -2.127%  0.033
Ericsson IV N(0,1) 7.338%*%  0.000 N(0,1) 1.843 0.065
Sargan X2(7) 23.26%*  0.001 2(2) 2.637 0.268
Joint Model F(7,46) 6.127%%  0.001 F(2,46) 1.337 0.273
Test Distribution M v B p-value Distribution B v M  p-value
Cox N(0,1) -9.616**  0.000 N(0,1) -1.691 0.091
Ericsson IV N(0,1) 6.833%*  0.000 N(0,1) 1.477 0.140
Sargan 2(8) 22.08%*  0.001 2(3) 2.721 0.437
Joint Model F(8,44) 5.658%%  0.000 F(3,45) 0.902 0.448
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Figure 2: ACFs and PACFs of log-levels and log first-differences, 1996(1)—2011(4)
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Figure 3: System graphical diagnostic information

1 ~ QQ plot ~ Density 50- Distribution
[—— ACF-rmp* — PACF-tmp* [[= r:mp* x normal] [—rmp* —NO.D] :
27 7 041 BN 25
OT-ﬁlr 07////7//;; 0.27 0.07
7 I 2F I I I | I I 230 I I I
0 5 -1 0 1 2 -2. 5 0.0 25 00 25
1- ~ QQ plot . Dens1ty _ DlStrlbuthH
—— ACFry — PACFry [—ry —Nom]
i 21 04F — 2.5¢
L e | VN
" = _ .
0 0 ——— 02l 0 0
! 27 ! ! ! | ] ! "25¢ !
0 5 -1 0 1 2 2. 5 0.0 —2 5 0 0 25
1o ~ QQ plot ~ Density 50 Distribution
[— ACF-riwl-p — PACF-:wlp| [— r:wi-p x normal| —nwl-p —— N©O.) :
2 ~ 04 25
O — ™ ——g—w= 0 - 02+ 7 M O'O,
L _2””\”‘\””\””\ Hum‘%h&u 2 A
0 5 -1 1 2 25 00 25 25 00 25
- 25 QQ plot _ Density ~ Distribution
—— ACF-rpr PACF-r:pr : — tpr —— NQO.I) 25
L r /7///4 041 L
0 - 00 i 74 N 0.0
= 0.2+ 250
’ > L] -
‘ \ A N B AL e PN RN RFRNITI
0 5 -1 0 1 2 25 00 25 25 00 25

33



1.0

0.5

1.00

0.75

0.50

0.25

1.00}

0.75

0.50

0.25

Figure 4: System recursive evaluation statistics
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Figure 5: Recursive eigenvalues
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Figure 6: Long-run relation vectors
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Figure 7: Graphical regression information for model with separated price effects
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Figure 8: Recursive FIML statistics
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Figure 9: System 1-step ahead forecasts
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