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ON THE INTERDEPENDENCE OF FINNISH AND SWEDISH
NEWSPRINT PRICES

JUUSO VATAJA

University of Vaasa, Box 700, Fin-65101 Vaasa, Finland

This study explores the interdependence of Finnish and Swedish newsprint prices.
Snce newsprint represents a very homogenous product, the law of one price (LOP)
is assumed to hold between the Finnish and the Swvedish common currency news-
print prices in the long run. The results support the LOP hypothesis, and the
Swedish prices are found to be weakly exogenous, implying that the Finnish prices
follow fundamentally the Swvedish onesin the long run. Moreover, deviations from
the LOP are found to be economically relatively small and short-lived. (JEL: F36,

F41)

1. Introduction

Common to the Finnish and the Swedish
economies is the significant role of the forest
industry in the total manufacturing production
and total exports. In 1993 it covered 28% and
24% of Finland's and Sweden’s manufacturing
value added and 30% and 14% of total exports,
respectively (Ahonen and Pyyhtia, 1996; Erk-
kilaand Widgrén, 1996). Asthe structure of for-
eign trade is relatively similar for Finland and
Sweden, the bulk of export products constitut-
ing forest and metal industry products for both
countries, this has led to a situation where a
large portion of Finnish exports competes di-
rectly with Swedish exports in international
markets. During 1985-1993 this portion varied
between circa 50 and 60% of the total Finnish

* This study has benefited from insightful comments and
suggestions of two anonymous referees as well as from help-
ful discussions with Kari Heimonen, Riitta Hanninen, Petri
Kuosmanen and Paavo Okko.
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exports (Erkkild and Widgrén, 1996). Thus,
knowledge of a possible connection between
the Finnish and the Swedish export price deter-
mination is important in such a situation.
Conceptually, the relation of the Swedish and
the Finnish prices can be linked to the interde-
pendent questions concerning the character of
the products, the nature of competition in the
markets, and whether the markets are integrat-
ed or segmented (cf. Goldberg and Knetter,
1997). It is conventional to assume that the
more similar the Finnish and the Swedish prod-
ucts are, the more strongly the prices are con-
nected to each other, provided that the relevant
markets are integrated. In integrated markets
geography or nationality should not have sys-
tematic effects on transaction prices for similar
products. This implies that common currency
prices of similar products should be equated
over time. Hence the law of one price (hereaf-
ter LOP) should hold in integrated markets, and
these markets can be characterized as perfectly
competitive. Segmentation of markets, in turn,



implies lack of integration, and buyers in dif-
ferent markets face systematically different
prices for the same products. In such a situa-
tion the LOP does not hold and competition is
imperfect.

This paper focuses on the potential interde-
pendence of Finnish and Swedish newsprint
prices. Newsprint represents an important ex-
port commodity for Finland. In 1990 (1995) it
was the fourth (eighth) most important com-
modity of Finnish exports (ETLA 1998; pp. 51).
More specifically, we are interested in the pos-
sible existence of a stable long-term LOP rela-
tionship between the two newsprint prices.

Traditionally the LOP is assumed to be the
more reasonable hypothesis for homogenous
rather than differentiated products. Since news-
print represents the most homogenous paper
grade among different paper industry products
(Hanninen et al., 1997), there seem to be good
grounds for testing the LOP in this context. Al-
though the LOP belongs to the fundamental
classic hypotheses in international economics,
the empirical validity of it has remained ques-
tionable. Thus, new empirical results are wel-
come.

Isard (1977) and Richardson (1978) represent
classic references to the empirical failure of the
LOP. However, it can be argued that from a
modern perspective these studies are question-
able since by analyzing differenced data, the
fundamental nature of the LOP as a long-term
relationship was not taken into account proper-
ly in these studies. Recent advancesin the anal-
ysis of non-stationary time series, especially
unit root and cointegration testing, are capable
of correcting this flaw. The LOP seemsto have
gained more support from cointegration and
unit roots based tests, but on the whole the evi-
dence has remained ambiguous'. The results by
Baffes (1991), Michael et al. (1994), and Vata-
ja (2000a), among others, suggest that the LOP
holds fairly well for a number of relatively ho-
mogenous commodities, while Ardeni (1989),
using the same data-set as Baffes (1991), pro-
vides strongly contrasting evidence. The con-

1 See, eg., Vataja (2000a) for a more detailed discus-
sion of the previous commodity level LOP tests utilizing
cointegration and unit root analysis.
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flicting test results may be explainable by
Baffes' use of a more efficient testing method.
Ceglowski (1994) and Engel (2000) rejected the
LOP amost totally for narrowly defined manu-
facturing goods and for somewhat more aggre-
gated goods categories, respectively, but Wei
and Parsley’s (1996) potentially more powerful
panel-based analysis for tradeable sectors pro-
vided strong support for the hypothesis.

Regarding paper products, Buongiorno and
Uusivuori (1992) provided rather strong support
for the long-term LOP for US pulp and paper
exports, while Hanninen et al. (1997) rejected
the LOP for newsprint import pricesin the U.K.
between Finland and Sweden, but not between
Sweden and Canada. Moreover, the hypothesis
was rejected unambiguously in the German
market? implying that the U.K. and German
markets could not be regarded as integrated but
merely segmented, and, consequently, imperfect
competition would be a suitable framework for
modeling the price determination in these mar-
kets. Hanninen and Toppinen (1999) addressed
this explicitly by specifying a variable mark-up
pricing model for the Finnish newsprint and
pulp exports in the U.K. and Germany. The
prices were modeled to depend on production
costs, exchange rates and competitors' prices.
According to the empirical results, the LOP
could not be supported in the U.K. and German
newsprint markets, but both production costs
and competitors prices and exchange rates
were important determinants of the prices. As
to Finnish pulp exports, the LOP could hold in
the U.K. markets, but not in the German mar-
kets, thus implying segmentation of the mar-
kets, again. From the perspective of this study,
Héanninen and Toppinen’s (1999) model is of
interest since the LOP was included in the mod-
el as a special case. Thus overall, the previous
evidence concerning paper products and news-
print is by and large ambiguous.

Therest of the study is organised as follows.
Section 2 describes the data. The model and the

2 Theresults of Hanninen et al. (1997) are somewhat dif-
ficult to interpret as a pure LOP test, since the analysis was
carried out for newsprint import prices deflated by produc-
er prices, i.e., for real newsprint import prices. Also the use
of unit values instead of true price series may effect the test
results.
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Figure 1. Levels and first differences of the logarithms of the Finnish and the Swedish dollar quoted newsprint prices.

econometric methods are discussed in Section
3. Section 4 contains and interprets the empiri-
cal results. Finally, Section 5 concludes the
study.

2. The data

The data, taken from the IMF International
Financial Satistics Yearbooks 1990 and 1995,
consist of the Finnish and the Swedish news-
print price levels denoted in US dollars ($/short
ton of newsprint). The data are annual and cov-
er the period 1960-1992. The prices are given
explicitly in US dollars by IMF.3

3 The USdollar has been the single most important in-
voicing currency for the Finnish paper exports with a share
of 21% in 1994. The other invoicing currencies were dis-
tributed as follows: deutsche mark 17%, pound sterling
16%, Swedish crown 5%, Finnish markka 7%, and EU
countries altogether 68% (Erkkila and Widgrén, 1996, pp.
55). The distribution changes in the Swedish case: in 1994
the Swedish crown was the single most important invoic-
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Figure 1 displays the levels and first differ-
ences of the Finnish and Swedish dollar-quot-
ed price series. All data are transformed into
natural logarithms. As can be seen, both price
series have developed very similarly. Visual in-
spection of the data suggests also that the dif-
ferenced price series are stationary, i.e., prices
follow I(1) process. Thiswas confirmed also by
formal unit root tests not presented here to con-
serve space.*

Before continuing with the empirical analy-
sis, it isuseful to take a closer look at the struc-
ture of the Finnish and Swedish paper indus-
tries, to which newsprint, the main concern of
this study, belongs. As seen in Table 1, Fin-
land’s paper industry is strongly concentrated
on production of printing and writing paper,
while the Swedish production is distributed

ing currency with a share of 40%, followed by deutsche
mark (13.4%), the USdollar (9.9%), lira (6.5%) and pound
sterling (5.4%) (Friberg and Vredin, 1997, pp. 569).

4 The unit root test results are available from the author
on request.
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Table 1. The structure of the Finnish and the Swedish paper industry in 1995.

Finland Sweden
million tons %-share million tons %-share
Newsprint 14 13 2.3 25
Printing and writing paper 6.3 58 21 23
Paperboard 2.3 21 19 21
Kraft paper 0.5 4 11 12
Other paper 0.4 4 18 19
Total 10.9 100 9.2 100

Source: Heteméki et al. (1997, pp. 6).

more evenly. In 1995 the Swedish newsprint
production was almost 1.7 times |larger than the
Finnish production, and newsprint constituted
the largest share of the Swedish paper industry
(25%), but for Finland its share was the third
largest (13%) after printing and writing paper
(58%) and paperboard (21%).

3. The model and econometric
methods

Suppose that the Finnish and the Swedish
newsprint as very homogenous products are
close substitutes for each other. If international
markets function well, permanent deviations
from the common currency prices should not
arise. If there are deviationsin the pricesin the
short run, they will be eliminated in the long run
because of arbitrage, the length of the “long
run” being an empirical question. Possible rea-
sons for short-term deviations might be differ-
ent lengths in the trade contracts, for example.
Thus, existence of the long-term LOP between
the Finnish and the Swedish common currency
prices can be tested by means of the following
model:

D

where PFinl and PSwel denote natural loga-
rithms of the Finnish and the Swedish prices
quoted in US dollars, o isaconstant term, B is
a coefficient parameter, u is a stochastic error
term, and subscripts t refer to the time. A nec-
essary condition for the long-term LOP is that

PFinly=a + B PSwel; + u;

B = 1 and that the error term is a stationary
process [u, ~ 1(0)] in (1). In such a case PFinl
and PSwel are said to be cointegrated with
the cointegrating vector (PFinl, PSwel, a) =
(1,-1,—6) and the relative version of the LOP
holds in the long run. Moreover, if & = 0, then
the absolute version of the LOP holds in the
long run (e.g., Froot and Rogoff, 1995). The ab-
solute version implies that the levels of the
common currency newsprint prices develop
one-by-one in the long run, while the less re-
strictive, and likely more readlistic, relative ver-
sion implies the one-by-one development of the
rate of changes for both common currency price
levels. The latter case might be relevant if the
Finnish and the Swedish newsprint differed in
quality, for example, but still act as close sub-
stitutes for each other. On the basis of Figure
1, the relative version of the LOP seems a pri-
ori more realistic in the present case.

Previous ambiguities in empirical evidence,
already discussed in the introductory section of
this study, pointed to the potentially non-negli-
gible role of testing methods in finite samples.
In this study cointegration is tested by means
of the maximum likelihood estimation proce-
dure developed by Johansen (1991, 1995). Cur-
rently, it can be regarded as the preferred way
of testing cointegration (cf. Phillips, 1991;
Gonzalo, 1995). As the procedure is nowadays
well known, only a brief description of it is
given here.

The Johansen procedure is based upon the p-
dimensional VAR-model (2) transformed in the
vector error correction model form (VECM)

3):
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where X, is a px1 vector of I(1) endogenous
variables at time t, i is a px1 vector of con-
stant terms, D; is a vector of non-stochastic var-
iables, such as seasonal and intervention dum-
mies, and g, isapx 1 vector of niid (0, %) error
terms. @, I';, M, and Y are px p matrices of un-
known coefficients. The system (3) is estimat-
ed subject to the hypothesis that matrix TThas a
reduced rank (r), r <p.

4 N=ap’

where o and 3 are pxr matrices of full rank. If
0 <r < p, then there exist r cointegrating rela-
tionsin the data. The 3-matrix contains the co-
efficients of the cointegrating vectors while a
gives the matrix of loading coefficients contain-
ing information about the speed of adjustment
to disequilibrium. In addition, the a-matrix con-
tains information about exogeneity properties of
the endogenous variablesin X; for the long-run
parameters in the model. More specificaly, if
all the elementsin row i are zero (i.e. a;; =0, j
= 1,..,r), this indicates that the cointegrating
vectorsin 3 do not enter the equation determin-
ing AX; . In such a case these variables are said
to be weakly exogenous for the long-run param-
eters in the model (Johansen, 1992b).

The constant term () has an important role
in the VECM-model (3). If it is non-zero, then
the level process contains a linear trend. How-
ever, if the level process does not contain alin-
ear trend, then the constant term can be restrict-
ed to the cointegration relation. The knowledge
of the presence of alinear trend in a model is
important, since the asymptotic test distribu-
tions differ in terms of whether the model con-
tains a linear trend or not. Johansen (1992a)
proposes a general approach, the so-called Pan-
tula-principle, to determine jointly the cointe-
gration rank and presence/nonpresence of alin-
ear trend in the model. The test procedure con-
sists of estimating both models, and presenting
the results from the most restrictive alternative
(i.e., the level process does not contain alinear
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trend) through to the least restrictive (i.e., the
level process contains alinear trend). Then one
moves through from the most restrictive model
and at each stage the test statistic is compared.
The procedure is stopped the first time the null
hypothesis is not rejected.

4. Empirical results

4.1. Cointegration analysis

Table 2 presents the results of cointegration
analysis. The lag length of the VAR-model in
levels was set to two (k=2) on the basis of di-
agnostic testing®. Since the analysisis based on
a small sample, the main emphasisis here laid
on the degrees-of-freedom adjusted test statis-
tics as proposed by Reimers (1992).

The cointegration test results in panel (a) in-
dicate that cointegration is supported unambig-
uously. Asto trend properties of the datain lev-
els, the results, based on the use of the Pantu-
la-principle, suggest nonexistence of linear
trends.

Panel (b) presents the unrestricted cointegrat-
ing vector normalised on Finnish prices. The
estimate of the slope coefficient is correctly
signed and very close to unity, the valueimplied
by the LOP hypothesis. The estimates of the a-
matrix indicate statistical significance of the
adjustment coefficient for the Finnish price
equation and the estimate is correctly signed
while the magnitude of the estimate appears too
large. In the case of the Swedish price equation
the adjustment coefficient is not statistically
significant, suggesting weak exogeneity for the
Swedish pricesin the VAR. Consistent with this
result, none of the estimates of the afy’ matrix
are significant in the Swedish price equation.

Panel (c) contains test results for various
structural hypotheses. So far, more and more
evidence has been accumulated to show that
structural hypothesis tests based on the Jo-
hansen procedure suffer from severe size dis-
tortionsin small, or even moderately sized sam-
ples (see, e.g., Podivinsky, 1992; Cushman et

5 The diagnostics test results are presented in the Appen-
dix.



Table 2. Cointegration analysis.
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(a) Cointegration tests:
constant restricted:

Ho: rank =r N Amax(T-NM) Atrace Atrace(T-NM)
r=0 20.80*** 18.12** 23.33** 20.32**
r<i 253 2.20 253 2.20
constant unrest.:
Ho: rank =r Amax Amax(T-nM) Atrace Atrace(T-nm)
r=0 20.70*** 18.03** 22.85*%** 19.90**
r<i 2.15 187 2.15 187
(b) a and B’ matrices (rank = 1, constant restricted):
B’ = (PFinl, PSwel, constant) = [1, —0.99 (0.49*107?), 0.18 10~* (0.27* 107Y)]
o= PFinl —2.93(1.20)

PSwel -1.80 (1.20)
ap’ =

PFinl PSwel constant

PFinl —2.93(1.20) 291 (1.19) -0.51*107 (0.21*10%)

PSwel -1.80 (1.20) 1.79 (1.20) -0.32¥107* (0.21*107%)
(c) Structural hypothesis' tests:
Ho [distribution]: LR test statistic:
¢l B=(1-10 [x¥2] 15.75%**
c2.  PB=(1-1%)[x¥D)] 0.96
c3.  PB'=(1-1%*),aPFinl =0[x32)] 4.94*
¢4 P'=(1-1*), aPSwel = 0[x32)] 2.30

(d) Restricted cointegrating vector subject to accepted Hg:s:
B’ = (PFinl, PSwel, constant) = (1, -1, 0.47*107%)

(e) Summary statistics for the cointegrating vector in panel (d):

Mean = 0.00; standard deviation = 0.02;

minimum = —0.06; maximum = 0.04; normality [x3(2)] = 3.04

Notes: (a): The number of lags in the VAR-model is 2. Ayax(Arace) = the maximal eigenvalue (the trace) test statistics
(Johansen 1991, 1995). (T-nm) refers to the degrees of freedom correction by Reimers (1992). Significance levels:
* kx kxk = 10%, 5%, 1% (Osterwald-Lenum 1992). (b): Standard errors in parentheses.

al., 1996; and Edison et al., 1997).6 For thisrea-
son we applied the degrees-of-freedom correc-
tion to the test statistics as proposed by Rein-
sel and Ahn (1992). The correction is conduct-
ed by multiplying the test statistics by the fac-
tor (T—pk)/T, where T=sample size, p=number
of endogenous variables in the system, and k=
order of autoregressions of VAR in levels. The
simulation results by Cushman et al. (1996)
suggested that even this correction may not be

8 For example, the Monte Carlo results by Podivinsky
(1992) suggest the empirical size of LR(B) and LR(a) tests
to be more than twice as high as the nominal 0.05 signifi-
cance level for T = 25. See also Edison et al. (1997), who
report even larger size distortions for these tests.

sufficient in small samples.

The structural hypothesis test results suggest
that the absolute version of the law of one price
hypothesis (LOP) is rejected unambiguously
(panel c.1), but the relative version of the LOP
is, however, clearly accepted (panel c.2).
Putting more structure into the analysis, the
joint null hypothesis of the relative version of
LOP and weak exogeneity of the price series
was tested next. Now the null hypothesis can
not be rejected in the case of Sweden
(panel c.4), but it is rejected for the Finnish
prices (panel c.3).

It is noteworthy that this rejection is consist-
ent with the results from the unrestricted analy-
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sis presented in panel (b). Moreover, weak exo-
geneity of both of the prices would have implied
that the prices are not cointegrated, which is to-
tally contrary to our basic results of strong sup-
port for cointegration presented in panel (a).

Finally, panel (d) presents the cointegrating
vector when the accepted restrictions (i.e. rela-
tive LOP and weak exogeneity of Swedish pric-
es) are imposed on the system, and panel (€)
contains summary statistics for the cointegrat-
ing vector presented in panel (d).

4.2. Single equation error correction model

The preceding section revealed weak exoge-
neity of the Swedish newsprint prices. This
property is very useful, since it implies that
analysis can be conducted efficiently viaa sin-
gle equation error correction model (Johansen,
1992b, pp. 321-323). Moreover, Finnish prices
can be conditioned on the current period val-
ues of the Swedish prices. The error correction
term (Zgcm) was specified as Zgey=PFinl—
PSwel +0.05 according to the results in the pre-
vious section. The preferred error correction
model, obtained via the general-to-specific
modeling (cf. Hendry and Doornik, 1996) is
given in Table 3.

The preferred ECM-model passes all the di-
agnostic tests. Economically the results suggest

Table 3. Error correction model for the Finnish newsprint
prices.

AFinl = 0.97 ASwel  -0.83 ECM
(0.03) (0.19)

RZ =098, 0 = 0.02, DW = 1.92, AR 1~ 2 F(2,28) = 1.28
[0.30], ARCH 1 F(1,28) = 2.30 [0.14], Normality Chi%(2)=
0.92 [0.63], Xi? F(4,25) = 0.89 [0.48], Xi*Xj F( 5, 24) =
1.46 [0.24], RESET F(1,29) = 3.07 [0.09]

Notes: The figures in parentheses below the estimates are
standard errors. R?= coefficient of determination. o = stand-
ard error of the regression. AR 1-2 = LM test for up to the
2" order autocorrelation, H: no autocorrelation. ARCH 1=
LM test for 1% order autoregressive conditional hetero-
scedasticity, Ho: no ARCH effects. Normality = normality
test for residuals, Ho: normality. Xi2 and Xi*Xj = White's
(1980) heteroscedasticity tests, Hoy: no heteroscedasticity.
RESET = specification test, Hy: correct specification. Fig-
ures in brackets after the test statistics are p-values. For
details and references of the tests, see Hendry and Doornik
(1996).
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a reasonably rapid adjustment process: 0.83%
of the price differentials between the Finnish
and Swedish dollar quoted newsprint prices are
eliminated within one year. This result is con-
sistent with Vataja's (2000a) results of consid-
erably faster adjustment speeds for relatively
homogenous products than what has been found
previously for broad price indices (see, e.g.,
Rogoff, 1996). Moreover, the short-run connec-
tion of the price changes seemsto be very close
on the basis of the point estimate of 0.97 for
APSwel. Overall, the results appear reasonable
for homogenous products and the character of
the LOP hypothesis.

4.3. Are theresults liable to the Lucas critique?

The usefulness of econometric resultsin pol-
icy analysis is potentially problematic if there
are regime shifts in the economy: if economic
agents change their behavior in different eco-
nomic regimes, statistical results based on the
historical data may not be relevant; that is, the
results would suffer from the Lucas critique
(Lucas, 1976). Since the estimation period of
this study consists of the major exchange rate
regime shift from fixed to flexible exchange
rates in 1973, the question involving the Lucas
critique appears relevant. Econometricaly the
Lucas critique can be tested by investigating the
presence of super exogeneity’ of the parameters
in the restricted VECM model (cf. Table 2) and
the single equation ECM-model (cf. Table 3).

One way of analyzing thisis by means of re-
cursive analysis (e.g., Ericsson et al., 1998). If
the LOP relation between the Finnish and
Swedish newsprint prices proves to be stable,
the super exogeneity is validated and the em-
pirical results should not be liable to the Lucas
critique.

Figure 2 displays sequences of breakpoint
Chow tests scaled by their 1 per cent signifi-
cance levels°. In no cases the null hypothesis of

7 For different exogeneity concepts, see Engle et al.
(1983).

8 In Figure 2. 1 up CHOW refers to a 1-step forecast
test, Nup CHOWS (Ndn CHOWS) refers to sequences of
Chow tests with an increasing (decreasing) number of fore-
casts (for details, see Hendry and Doornik, 1996; and
Doornik and Hendry, 1997).
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Figure 2. Recursive Chow tests.
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Figure 3. Deviations from the (relative) law of one price between the newsprint prices.

constant parameters is rejected, thus implying
that the Lucas critique would not pose a severe
problem in the present case.

4.4. Economic interpretations of the empirical
results

The empirical results of this study lend sup-
port to the L OP between the Finnish and Swed-
ish newsprint prices. Moreover, the results sug-
gest that the Finnish prices follow the Swedish
prices fundamentally. This section provides fur-
ther economic evaluation of these results.

If the LOP holds in the long run, then the
next natural question is the quantitative impor-
tance of transitory deviations from the LOP.
This is illustrated in Figure 3, which displays
the cointegrating vector 3’ = PFinl — PSwel +
0.05.

Asvisible, deviations from the LOP are dis-
tributed fairly symmetrically the standard devi-
ation being as small as about 2% from the mean
zero (cf. panel (€) in Table 2)°.

The largest deviation of the prices (about 6%b)
took place in 1973. Possibly the emergence of
thefirst ail crisis has something to do with this,
but on the whole, the quantitative deviations

¢ Normality of the deviations from the LOP is not reject-
ed either (cf. panel (e) in Table 2).
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from the LOP have been economically reason-
ably small. Given that newsprint represents a
very homogenous product, such aresult may be
regarded as expected.

6. Summary and conclusions

This study focused on whether one of the
classic hypotheses in international economics,
the law of one price (LOP), holds between the
Finnish and Swedish common currency news-
print prices. The analysis was motivated by the
distinctive role of the forest sector in produc-
tion and exports in these countries and the very
homogenous character of newsprint, making it
an extremely suitable product for testing the
LOP.

The empirical results, based on annual data
over the period 1960-1992, provided clear sup-
port for the relative LOP between the US dol-
lar quoted Finnish and Swedish newsprint
prices. The Swedish prices were found to be
weakly exogenous, implying that the Finnish
prices follow the Swedish ones fundamentally
in the long run. As to deviations from the LOR,
the results indicated that the deviations have
been distributed fairly symmetrically and that
economically their magnitude has been small.
Moreover, the deviations from the LOP were



found to be fairly short-lived as about 80% of
the price differentials were found to be elimi-
nated within one year.

The empirical results were also tested against
the Lucas critique, which was rejected. So the
results should be suitable for policy analysis,
t00.%0
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Appendix

Model evaluation diagnostics for the VAR
model in levels

PFinl PSwel
Single equation tests:
AR 1-2 F(2, 24) 0.75[0.48] 0.72[0.49]
Normality Chi?(2) 1.29[0.53] 0.73[0.69]
ARCH 1 F(1, 24) 0.24[0.63] 0.08 [0.77]
Xi2 F(8, 17) 0.52[0.93] 0.43[0.89]
Xi*Xj F(14, 11) 0.43[0.97] 0.33[0.97]
Multivariate tests:
Vector AR 1-2 F(8, 42) 0.70[0.69]
Vector AR 1 F(4, 46) 0.41[0.80]
Vector normality Chi?(4) 3.51[0.48]
Vector Xi2 F(24, 44) 1.01[0.47]
Vector Xi*Xj F(42, 27) 1.24[0.28]*

Notes: lag length of the VAR-model is two. Single equa-
tion tests: AR 1-2 (1) = LM test for up to the 2nd (1st) or-
der autocorrelation in residuals (Ho: no autocorrelation).
Normality = Doornik and Hansen's (1994) test for normal-
ity (Ho: normality). ARCH 1 = test for first order autore-
gressive conditional heteroscedasticity (Ho: no ARCH). Xi?2
and Xi*Xj = White's (1980) heteroscedasticity tests (Ho:
homoscedasticity). Multivariate tests: vector mis-specifica
tion tests correspond to single equation tests. P-values in
brackets. For details of the tests, see Doornik and Hendry
(2997).



