CURRENT ACCOUNT AND BUSINESS CYCLES:
STYLIZED FACTS FOR SWEDEN

By

Anders W’a.me=|l and Anderg Vredinw=

*Stockholm School of Economics
FIEF and National Instituie of Economic Research (Konjunkturinstitutet)

ABSTRACT

The primary purpose of the paper is to establish some "stylized facts® about current
account and business cycles in Sweden. Tests for the existence of stochastic trends in the
relevant time series are performed, and the descriptive statistics are confined to the
stationary ("transitory"} components of the series.

The testa suggest that investments and output contain stochastic trends, whereas
the current accouni does not. This suggests that savings and investments are cointe-
grated, but the evidence on this issue is mixed. It is also suggested that the decrease in
the volatilitg of Swedish output noted by Sheffrin may be due to lower volatility in the
changes of both the permanent and transitory components. However, the level of the
transitory component of cut%ut., which is a natural measure of "the business cycle”,
seems as volatile as ever. The current account ig positively correlated with (lagged)
values of this component and thus appears to be "pro—cyclical®.
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1. Introduction.

Recent discussions in business cycle theory have been associated with a renewed interest in
descriptions of business cycle phenomena. In particular, the "stochastic trend" feature of
many macroecononic time series pointed out by Beveridge and Nelson (1981), Nelson and
Plosser (1982) and Perron (1988) suggests that fluctuations in aggregate economic activity
may reflect variations which are of a permanent, rather than transitory, nature. Account-
ing for the variations in the trend(s) is thus important, e.g., when “stylized facts" about
business cycle phenomena are compared with the properties of theoretical models (see, e.g.,
King, Plosser and Rebelo (1988a,b)).

"The primary purpose of this paper is to establish some stylized facts about current
account and business cycles in Sweden. This focus of our attention can be justified on
several grounds. First, the current account is frequently — rightly or wrongly — used as an
information variable or intermediate target for macroeconomic policy, especially in small
open economies. To identify and interpret the nature of current account movements
accordingly is an important task for empirical research.

Second, the Swedish business cycle deserves special attention, given the finding by
Sheffrin (1988) that Sweden, as opposed to other countries, has experienced a substantial
reduction in the severity of the business cycle following World War I1. It is an open
question, however, whether the dampening of aggregate fluctuations is due to lower
variation in the long run trend or in the short run cycle (or both).

Third, in order to interpret and evaluate empirical evidence on current, account and
business cycles, the stochastic properties of the relevant data must be carefully examined.
For example, intertemporal optimization theory fteaches that private savings and
investments (and, hence, the current account) will respond differently to transitory and
permanent changes in economic conditions. Economic theory thus provides a motivation for

particular attention to stochastic trends in empirical studies of the current account.






Furthermore, standard techniques for statistical analysis presumes that data are
stationary. If data contain (stochastic or deterministic) trends, the series should cither be
appropriately transformed into stationary series, or non-standard techniques will have to
be used. Stock and Watson (1988b) discuss this matter at a general Jevel, and some
examples from empirical literature related to our study may be used to illustrate its
relevance in this context:

— Studies of a number of countries (using various detrending techniques) suggest
that investments are highly volatile (in relation to output and consumption) and
pro—cyclical, and that the current account {or the trade balance) is counter—cyclical; see,
e.g., Englund and Vredin (1989}, Saderlind (1989), Danthine and Girardin {1989), and
Backus and Kehoe (1988). It has been noted that the latter finding is surprising, since
intertemporal optimization models predict that transitory increases in income should have
a rather strong positive effect on savings. The current account may still be
counter—cyelical, of course, if investments are suificiently pro-cyclical. Discussions of such
issues obviously have to be based on explicit assumptions (and, ideally, tests) as to the
stochastic properties of irends and cycles.

— Conditioning on particular cperationalizations of the growth and business cycle
phenomena, Sachs (1981) has argued that international differen-ces in current account
experiences after the oil crises in the 1970's can be explained by the behavior of
investments, rather than savings. Feldstein and Horioka (1980), on the other hand, have
argued that savings and invesiments are strongly correlated, which they interpret as
reflecting a causal link from savings to investments, and as evidence of low international
capital mobility, If savings and investments are driven by stochastic trends, these
interpretations are open to question; since the standard inference techniques are invalid, it
remains to be shown that the estimated correlations are not spurious.

— Rather than being entirely spurious, the correlation between savings and
investments may reflect "cointegration” in the sense of Engle and Granger (1987), i.e. a

common stochastic trend. This argument has received some empirical support in a study on
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U.S. data by Miller {1988). If savings and investments have a common trend, these
aggregates will be perfectly correlated in a long run sense, although the transitory
fluctuations around the trend may be rather weakly correlated and quite consistent with
high capital mobility and current account "imbalances" in the short run.

— A failure to distinguish between long and short run co-movements may be the
reason behind the difficulties to find significant relations between the external balance and
various "fundamentals" (see Englund and Vredin (1987), Backus (1986} and Rose and
Yellen (1987)). In particular, if the difference between savings and investments docs not
have a trend (which requires these aggregates to have a common trend), a regression of the
current account against any single non-stationary variable will asymptotically yield a
regression coefficient of zero, In a multivariate analysis the regression coefficients cannot be
interpreted in a meaningful way unless the explanatory variables are cointegrated. Tests for
stochastic trends and cointegration may thus provide useful information for the
specification of econometric models of the current account.!

The paper is organized as follows. In section 2 we discuss time series models with
stochastic trends. In section 3 we examine the empirical relevance of stochastic trends
against a background of univariate tests on more than hundred years of Swedish data. We
also discuss the implications of stochastic trends for estimated /correla.ticms between
savings, investments and the current account. In section 4 we describe empirical estimates
of the transitory components of savings, investments, and some other business cycle
indicators. Tests for common trends are presented in section 5. Section 6 containg some
concluding comments which relate our findings to those of earlier studies. The paper
also contains two appendices, giving a detailed presentation of the methods used in

gections 3 — 5.

! Englund and Vredin (1987) test (on Swedish data) whether the current account, terms of trade, govern~
ment consumption and the real wage have stochastic trends, but not whether these variables are cointe-
grated. Rose and Yellen (1987), studying US data, report that net exports, the real exchange rate, and
domestic and foreign income are not cointegrated, but no detailed account of their tests is olfered.
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2. Stochastic trends and business cycles; representation and testing,

In this section we will provide the general analytical framework for our time series analyses
of business cycles. The particular estimation procedures and tests used in subsequent
sections are described in Appendix A and B.

Suppose that a single time series variable x, may be decomposed into a
non-gtationary ("growth™) part i, and a stationary process @, comptising "irregular" and,
possibly, "cyclical" parts, i.e., X =y + o 1 #, is given by a linear deterministic trend,
#, = ft, we have a "trend stationary" (TS) model. (The terminology is adapted from
Nelson and Plosser (1982)). If, on the other hand, we assume that the trend component is

stochastic, e.g.,
(1) By = By g

where the innovation to growth, 7, is assumed to be a stationary stochastic process, we

arrive at the “difference stationary” (D) model
(2) e TR

where W=@ =@ gt

To determine whether a specific time series fo'lows a deterministic or stochastic
trend is important for both statistical and economic reasons. According to the TS model x
has finite variance, whereas the DS model implies that there is no bound on the uncertainty
about, future values of x. In analogy, the innovations to x in the TS model have only
temporary effects, whereas the effects of v are permanent according to the DS model. These

properties of the DS model are most easily seen if it is rewritten on the form

(3) X = Ei’ v = Eg 7+ ¢






where it is assumed that x, = ¢, = ¥, = 0 for $ £ 0. The 1% roodel suggests that an
unexpected change in x is due to cyclical andfor irregular disturbances, whereas the DS
mode] implies that it also reflects disturbances to the stochastic trend.

Univariate tests for stochastic trends have been developed by Dickey and Fuller
(1979). A test may e.g. be based on a “t—test" on the first—order autoregressive term in a
model which nests the TS and DS models, such as

(4) X = A + PXeg T+ €

but the distribution for the test statistic is non—standard under the null hypothesis =1
Applying the test procedures proposed by Dickey and Fuller, Nelson and Plosser (1982)
have shown that for many macroeconomic time series the DS model cannot be rejected.

In general, standard distributions are inapplicable if a hypothesis involving non-
stationary variables is to be tested; cf. Granger and Newbold (1974) and Phillips (1986), In
order to avoid spuricus correlations many empirical studies are based on detrended data,
For example, univariate time series analyses in the tradition of Box and Jenking usually
proceed on the assumption that data are difference stationary. In a multivariate setiing,
however, certain linear combinations of non—stationary series may be stationary. Ev_}dence
of such relations may then be used in the empirical "identification” of time series 11106915.

If a variable is stationary in first differences (and fulfils certain other conditions},
Engle and Granger (1987) define it as integrated of order 1, denoted I(1), and if some linear
combinations of I{1) variables are 1(0), i.e. stationary in levels, the variables are said to be
cointegrated of order 1,1, denoted CI(1,1). Let the nxi vector X denote a set of variables
which are all [(1}, and let X be given by the vector moving average {(VMA), or vector DS,

model

(5) AX, = § + C(L)e,






where L is the lag operator and A {z 1 — L} i9 the difference operalor? § i 4 veclor of
constants, C(L) en nxn matrix lag polynomial, and ¢ an nxi vector of while noise
disturbances with zerc mean and contemporaneous covariance matrix 5 Let Z = o'X
denote an rx1 vector of stationary linear combinations of X. The columns of the nxr matrix
@ are called the cointegrating vectors. It can be shown that the stationarity of Z implies,
i.a., that o'C(1) = 0, i.e., that C(1) is not of full rank.

Stock and Watson (1988a) show that cointegration also implies that the VMA

model may be rewritten as a common trends (CT) model, given by
(6) X, = Xp + A, + C(L)e,,
where C*(L) is defined according to

© CL) = C(1) + (1-1)c'(),

and the k = n —r cotnmon trends are given by the kx1 vector T

(8) =R Ty F vy
where v is a vector of white noise processes. By comparing (5) and (8) with (2} and {1},
respectively, the VMA and CT models are easily seen to be generalizations of the univari-
ate DS model. (The exact relations between (A, «, r, v) and (C(i), 4, ) are specified by
Stock and Watson (1988a) and King, Plosser, Stock and Watson (1987). See also Warne
(1989).)

2 Since AX is assumed to be siationary with mean §, we know from a multivariate version of Wold's
theorem (cf. Hannan (1970)} that a VMA representation of the form specified in {5) exists. For our
purposes, this result cannot be applied in its most genersl form, as we need more restrictions on C(L},
thereby reducing the set of admissible stochastic processes (see also appendix A).
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The CT representation (6} seems to be a natural starting point for empirical busi-
ness cycle analysis. The "business cycle" may thus be identified with (}*(L}ei, while A T,
captures the "growih cycie". The CT model is a multivariate generalization of the Beve-
ridge—Nelson (1981) decomposition of a single time series into its permanent and transitory
components. It should be pointed out that the transitory and permanent componrents are
not, in general, uncorrelated, since ¢ and v are not independent. Qther {univariate} proge-
dures for making the business cycle concept operational are discussed in Stock and Watson
(1988b).

There are various ways lo arrive at estimates of ¢ and C(L). King, Plosser, Steck,
and Watson (1987) exploit the vector error—correction representation {VEC) of (5) derived

in Engle and Granger (1987):

(9} AX, = # + B{L)AX, , - Yoy + ¢

.
This specification requires some prior knowledge of the dimension and elements of the
cointegrating vectors in «, since Zt = a’Xt. Tests for cointegration {common trends) have
been suggested by, e.g., Engle and Granger (1987) and Stock and Watson {1968a). These
tests may be described as generalizations of the Dickey—Fuller test to bivariate and multi-
variate cases, respectively. Engle and Granger suggest a two-step procedure where the
cointegrating vector is first estimated by a regression of one variable against the other,
whereafter a Dickey—Fuller test may be used to examine whether the residual has a
stochastic trend. The test for common trends developed by Stock and Watson is a test of
the hypothesis that the nx1 vector X contains k vs n—m common trends, and is based on an
examination of the (n—m+1)st largest root of the first~order autocorrelation matrix of
transformation of X (derived under the nuli hypothesis of k common trends). A detailed
account of the Stock—Watson test is given in Appendix B.

In the subsequent sections of this paper we will first, in section 3, investigate

whether our time series are alt 1(1) (difference stationary, stochastic trends), i.e., whether






(8) is a valid representation of our data. In section 4 we then describe our estimates of the
* -
traository component(s) C (L)e,. These are derived by first estimating ¢ from a vector

autoregressive moving-average representation,

(10) ALK, = 0+ ¢

which may be derived from (5) (see Engle and Granger {1987) or Warne {1989)}. The
second step will be to estimate the permanent and transitory component of each series from
& multivariate generalization of (3). (The details are given in Appendix A.) In these esti~
mations, no cross—equation restrictions will be imposed. However, the idea of some, possib-
ly a few, comimon trends seems natural in this context. Hence, tests for colniegration are

presented in section 5.

3. Stochastic trends: univariate tests and implications.

In table 1 we report the results of univariate tests for stochastic trends on data from 1876 —
1986. (Initial values are provided by observations from 1871 ~ 1875.) The time series are
national accounts data on real savings (S), investments (I), the current account {CA), and
gross domestic product (V). The original nominal series have all been deflated by the GDP
price index (P). Savings are defined from the identity S = CA + 1.3 Data on Y, I and P from
1970 -~ 1986 have been taken from the official national accounts publications, while the
figures for the earlier period are from Krantz and Nilsson (1875} (who in turn draw on
Johansson (1967)). It should be noted that Y and I, due to lack of historical data on stocks,
both are defined exclusive of changes in inventories. Current account data until 1966 are

from Ohlsson (1969}, and for the later period from national accounts statistics. The export

3 Note that savings S thus include net transfers from abroad whereas the national income measure Y
does not.
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Tests for stochastic trends

Table 1

" T9 T 1 T it
Series i 9 9f T T
Iny ~17.56 ~12.02 12 -2.74 83
L L3 %k EE 3 EE Y
Aln Y - -97.36 —96.77 —4,95 —4.93
Inl —~14.83 ~15.40 —.08 -3.02 —06
ok ek ok Hk
Aln I - ~98.45 ~98.57 ~5.81 ~5.84
* L3 *
InS —26.93 —25.00 —.68 ~3.35 62
EES S Sk *ko Hokok
Aln 8 - -116.23 —116.23 —5.47 ~5.50
Inp —25.42" —12.22 —8.94 ~1.97 ~2.06
Kbk sk e Sk
Alnp — ~103.73 -102.73 ~5.77 ~5.70
InP ~12.38 —~3.62 2.28 — 98 1.91
doke Fokk hkok OFn
Aln P - —~45.58 —38.53 —4.60 —3.86
Y —10.46 -11.09 —1.87 -1.95 —87
gk Aok Hkok EF £
A(l/Y) = ~102.66 ~102.43 —5.44 ~5.46
* *
S/Y ~24.79 ~20.94 -3.93 ~2.66 ~1.39
Ahokok Hdk ok HOokok
A(S/Y) - ~101.33 ~101.27 —6.20 —6.21
koksk ook » ok *
CA —62.83 -52.09 ~49.82 —3.23 ~3.03
ok ok ETE *kk
ACA - -135.46 -135.69 ~9.83 ~5.88
Hokk ok ko bt EE S
CA/Y —46.21 ~35.78 -31.86 —3.40 ~3.27
ko EEE S o ok EE Y
A(CAJY) - ~107.40 ~107.45 543 6.45
Significant at the *** 1% ** 5% * 10% level. All statistics are based on regressions

. Notes:

with 5 lags. The tests are explained in the text.






and import price indices necessary to compute the terms of drade {p) are aigo from the
latter two sources.*

The last two columms of table 1 report Dickey—Fuller tests of the hypothesis that
pys in different versions of {4), is unity. The test stalistics are equal to the ratio between
(;:1—1) and the estimated standard ervor of ;:1, i.e. conventional "t-statistics", The distyi-
butions for these statistics, under the null hypothesis of a stochastic trend, are however
non-standard, but relevant tables are provided by Fuller (1976). In the regressions of (4),
five lags of x have been included to allow for serial correlation. An intercept has also been
included. The 7 —staiistic refers to a regression which includes a deferministic trend,
whereas the r'-statistic is calculated from a regression where § = 0. Similarly, the uni-

variate Stock—Watson tests in the second and third columps (i.e. g and o) are based on
e gy {

ks

regressions where a linear trend is included or excladed, respectively. The q? —statistic in
column 1 even allows for a quadratic deterministic trend in x. The test statistics have been
calculated using the "Stockwat" procedure supplied with RATS, version 3.01. {The
Stock—Watson test is described in Appendix B.)

The hypothesis of a stochastic trend cannot be rejecied for the logarithms of output,
investments, and the price level (InY, Inl, and 1P, respectively). Iu the case of terms of
trade (Inp), the Stock~Watson test rejects the null at the ten per ceni significance level if a
quadratic determinisiic {rend is allowed for. There is less evidence of a stochastie trend in
savings (InS): if no restriction on the appearance of & linear (or quadratic) deterministic
trend is imposed, the null hypothesis is rejected, albeit only at the ten per cent significance
level according to the Dickey—Fuller (77} test. In terms of GDP shares, the hypothesis of &
stochastic irend cannot be safely rejected either for investments (I/Y) or savings (S/Y),
although the Stock—Watson tests suggest rejection in the laiter case, al the ten per cont

significance level, if a linear or quadratic deterministic trend is included in the regression.

4 The data base has been prepared by Judit Weibull, Institute for International Economic Studies.
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Finaliy; the stochastic irend hypothesis is cousistenily rejected in the case of the current
account, (CA and CA/Y).

There is generally stronger evidence against stochastic trends in differenced data
than in levels. Insofar as the level was found to have & stochastic trend in the first place,
the time series thus appear to be I(1). These results are by and large in accordance with
international evidence, Tests for stochastic trends in U.S. data on, i.a., the price level and
output have been reported by, e.g., Nelson and Plosser (1982) and Perron (1988); King,
Plosser, Stock and Watson (1987) also report tests on investments data; and Miller {1985)
has reported tests on savings and investments. We are aware of no other test on termns of
trade than that on Swedish data reported by Englund and Vredin {1987).

To see how the evidence on stochastic trends may be used to interpret and evaluate
econometric evidence on correlations between savings and investments over the business

cycle, consider the following regression equations:

(11) ary), = ay + asl(s,fY)t + 1t
(12) (CA,/Y)t = by + bt + by(1/Y), + bainY, + e 4
where InY is the deviation of InY from a linear trend. The first regression is in the spirit of
Feldstein and Horioka (1980), although their study is based on cross—country data rather
than time series. The second regression has been estimated on time series data from several
countries {although not for Sweden) by Sachs (1981).

When (11) and (12) are fitted to the same Swedish data which were subject {0 tests

in table 1, we obtain the following resuits:

(13) 1/Y), = 047 + .724(S/Y),
R = DW = .56

(14) (CA/Y), = .388 — .004t — .260(1/Y), — .041InY,
R? = 151 DW = .63

4]






The results are similar to those obta'ned for other countries snd time periods. ”1 is close to
unity, which Feldstein and Horioka (1980) — in their cross—country framework - interpret
as evidence of low capital mobility; and 'ﬁz is negative, a finding which Sachs (1981) uses to
support his argument that current account movements are due to changes in investments,5
Furthermore, f}3 is negative, which may be inferpreted as evidence of 2 counter—¢yclical
pattern in current account movemenis. These interpretations are, of course, valid only
insofar as the (implicit) structuzal assumptions are valid, and it should be emphagized that
the different interpretations are mutually exclusive. Feldsiein and Horioka {1980} view
savings as exogenous with respect to investments, whereas the opposite assumption is made
by Sachs (1981). We will not discuss the estimated parameters in terms of structusal
models, however, but merely view them as convenient summary statistics on various
partial correlations.

Nevertheless, the tests reperted in table 1 call for some caution. The tesls suggest
that S/Y and I/Y may be driven by stochastic trends. The strong correlation between
savings and investments in terms of output shares may thus be spurious. On the other
hand, if /Y and S/Y are cointegrated, the {normalized) cointegrating vector should be
close to {1, wz;.l), since any other linear combination of I/Y and S/Y than the true cointe-
grating relation would imply an infinite variance of the residual and, hence, would not be
selected in 3 least squares estimation procedure (cf. Stock (1987)}. In anv case, the distri-
bution for & "i—test" of ;;11 will be non—standard, which raakes it hard to draw inferences
about the true correlation between savings and investmeats (and the current account), e.g.,
in comparisons of stylized facts across different countries or time periods. Similar caveats
apply to the second regression, (14). First, detrending of data through the inclusion of a
linear deterministic trend receives no support from the univariate tests in table 1. Second,
unless I/Y and }n\‘/ are cointegrated, no parameters from {14) can be evaluated in terms of

standard significance tests (see Stock and Watson (1988b) for a more detailed discussion of

5 The regression coefficients in (13) — (14) are deliberaiely reported witheut any estimates of standard
errors, by reasons provided in the next paragraph.
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such issues). Third, the failure to reject the stochastic trond hypothesis in the case of inV,
irrespective of whether & deterministic trend is included or not, suggesis that In\}’ is ot a
good measure of the business cycle.

It might be argued that empirical analyses of first differences, which appcar to be
statiopary, would make the regression results more meaningful. This approach is followed
by Obstfeld (1986), who reports that the values on a; differ substantially between
countries, and that the correlation between savings and investments appears to decrease
over time. However, there are reasons not to work simply with differenced vorsion of {11}
and (12). If the levels (or GDP shares) data contain stochastic trends, changes are not the
most natural measure of the business cycle, since (unexpected) changes are not necessarily
due to movements in the transitory component rather than the "growth cycle®. Further-
moze, if there are comsmon irends, ie., cointegration, a regression egquation in first
differences will be misspecified (this is evident from the error—correction representation (93,
a3 cointegration implies that the n x r matrix v is non—zero). There are thus both economic
and statistical reasons for taking a closer look at how changes are related to fluctuations in

the permanent and transitory components of the time series.

4. Stylized facts on current account and business cycles.

In section 2 we argued that the common trends representation (6) is a natural starting
point for empirical analysis of business cycle phenomena, since it suggests how a vector
time series may be decomposed into one stationary "business cycle” component and one
non-stationary "growth cycle" component. In this section we will present estimates of the
transitory and permanent components of output, and of the correlation between the current
account and various business cycle indicators. The estimation procedure is described in
appendix A. The first step involves fitting a VAR(10) model to the data, 50 the empirical
analysis cover the period 1881 — 1986.
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In figure 1 the logarithm of output is depicied together with its estimated perma-
nent component. Negative changes in the permanent component are recorded 2t four occa-
sions: in 1901 (1.2 per cent), 1908 — 1909 (—6 and —1.0), 1919 (~4), and 1931 (~3.1). An
inspection of the time series suggests that the decline at the second of these otcasions had o
long term effect on the trend level of output. The larger loss in output at the last occasion,
on the other band, was regained rather quickly. There also appears to have been an unward
shift in the permanent component in the early 1960's. In figure 2 cur estimate of the busi-
ness cycle, i.e. the transitory component of output {the difference between actual cutpui
and its permanent component) is depicted. There are four extended periods during which
actual output is below the (stochastic) trend: 1889 — 1906, 1917 — 1924, 1940 — 1948, and
1979 — 1986. Although the major slumps in output around 1920 and in the early 1930%,
which are evident in figure 1, both were associated with a stagnating or decreasing pernia-
nent component, the nature of the two depressions were quite different. The drastic fall in
output in 1917 (-12.2 per cent) started from a level quite close to the long term trend,
whereas the depression in the 1930's, due to an outstandingly rapid growth in the 1920%,
started {rom a level far above the trend. l

Figure 3 shows what recently has been stressed by Sheffrin {1988), namely that the
volatility in the rate of change of output is lower in the posi—war period than earlier. Since
our analysis allows the total change of output to be decomposed into the changes in ihe
permanent and transitory compenents, it is natural to ask whether the dampening of
fluctuations stems from the business cycle or the growth cycle, or both. In figures 4 — 5 the
changes of the permanent and transitory components are depicted. There appears to have
been a decrease in the volatility of both series, although the change is more pronounced for
the transitory component.

However, in terms of the volatility of the estimated transitory component in figure 2
there is no sign of any stabilization. An important question is thus whether the rate of
change of output or the level of the transitory componeni of output is the most relevant

measure of the business cycle, If the only reason for looking at rates of change is that the
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underlying data are non—stationary, an approach which attempts al separating the non—
stationary and stalionary components should be preferred. On the other hand, the deveiop-
ment of the leve! of the transitory component of output does not seem to give much
support Lo the conventional wisdom about recurrent short rus business cycles. In our
estimate of the business cycle, the "long waves" are more striking than the frequent but
short-lived minor booms and troughs.® One implication of the long waves is to make any
comparison of subperiods very sensitive to the necessarily arbitrary choice of cut—off
points. The variance of (the level of) the transitory component for the period 1951 — 1984,
which is discussed by Sheffrin {1988}, is lower than for the rest of the sample periad; bus if
we look at the period 1643 — 1986, the variance appears to be as large as ever.

Turning te the question about the relation between the current account and ihe
busipes: cycle, we may lirst note that the first and last of the periods of temporarily jow
output {1889 ~ 1906 and 1979 ~ 1986) have been associated with persisient current account
deficits {1898 — 1910 and 1974 — 1983); cf. figure 6. Similarly, the high levels of output
recorded in the interwar period occurred in conjunction with a sequence of current account
surpluses. Thug, tbe current account seems to be pro—cyclical {The most remarkable
period of deflicits, 1573 — 1892, seems to have been associated with a transitory upsurge in
output, but we do not have any estimates of the transitory and permanent components of
oubput prior ¢7 1831.)

In table 2 we present some descriptive statistics for the transitory components of
(the logarithms of) output, savings, investments, terms of trade, and the price level. The
iransitory component of output is denoted &Y, etc. It can be seen that the standard devi-
ation of savings is higher than the standard deviation of investments, and that the current

5 I

account (CA/Y) is moze strongly correlated with u” than with u

. In some sense, therefote,
movements in the current account are more associated with fluctuations in savings than in

investments.

& The low frequency mavements in actual data is not only at odds with the conventional wisdom about
the properties of business cycles, but also with theoretical (real) business cycle models; of, King, Plosser
and Rebelo (1983a).
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1t must be recalled, that the series on investments and output {and, hence, savings)
are defined exclusive of changes in inventories. However, Englund and Vredin (1989) show
that when Sweden is compared to six other OECD countries, the standard deviation of the
rate of change of savings is just as high as that of investments (8.7 per cent) in Sweden,
while investments are more volatile than savings in the other countries (except for West
Germany). Thus, the volatility of savings in relation to investments does scem to be laitly
high in Sweden in an jnternational comparison.?

Table 2 also shows that, In terms of contemporaneous correlations with the transi-
tory component of output, the transitory components of savings, invesiments and terms of
trade are ;Sm—cyclica], whereas the price level, perhaps surpsisingly, appears to be counter-
~cyclical. These patterns show up also at different lags, with the exception of the corre-
lation between ul,: and Lnl}j__é, which turns negative at i = 4. Furthermore, transitory move-
ments in savings are (conternporaneously) positively correlated with tering of trade. In
terms of the contemporaneous correlation between CA/Y and I-JY, the current account is
counter—cyclical, although the correlation is very low. This comes as no surprise given the
regression coefficient in {14), but it is contradictory to what our casual inspection of the
time series suggested; cf. figures 2 and €. The reason for this contradiction is, of course,
that the simple contemporanecus correlation does not give the whole picture of the comove-
ments between the current account and the business cycle. In particular, the correlation
between (CM’Y)t and Gz__i is positive for i = 1 ~ 6, with a pesk of 331 at lag 2. In a
sense, therefore, the current account is really pro—cyclical.

It might be tempting to conclude, e.g., that the positive correlation between savings

and terms of trade is a reflection of a positive "Harberger—Laursen—Metzler effect”, and

T In the present data set, where changes in inventories are excluded, the standard deviaiions of AinS and
Alnl are 18.5 and 10.3 per cent, respeciively, for the whole sample while the standard deviations drop to
6.7 and 4.0 per cent 1950 — 1986. In terms of output shares, i.e., when the numerator as well as the
denominator is delined inclusive or exclusive of changes in inventories, our historical data set exhibit
similar characierislics to that in Englund and Vredin (1989). For example, the correlation between the
current account—GNP share and the savings—GNP (investments—GNP) share is .54 (\13) in post—war
national accounts data, and .59 (.13} 1872 — 1986, and the savings share is more volatile than the
investments share in both data sets.
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that the negative correlation betweon u%: and u§ reflects an effect of inflation on savings
via the real interest rate. 1t might slso be tempting to conclude that the Swedish deficits
on current account since the first oil price shock are quite natural, given the historical
pro—cyclicality of the current account. The deficits may be a reflection of an optimal
intertemporal allocation of savings and investments in the face of & transitory drop in
output. Such interpretations are, of course, questionable for many reasons. First, in order
to give an economic interpretation to the correfation between, e.g., savings zlmd the lerms
of trade, we would at least like to contrel for the influence of other variables such as outpnt
and the price level. In other words, partial correlation coefficients would be more telling
than the simple correlations i tzble 2. Second, although partial correlations and regression
coefficients may be calculated fromn the information in table 2,8 the stylized facts can be
unambiguously interpreted only in terms of a formal econometric model {at best).
Identifying assumptions are thus necessary in order to be able to speak of, e.g., the
Harberger-Laursen—Metzler effect. Third, when estimating e.g. the effects on savings and
the current account from various (exogenous) changes, it is important to take hoth perma-
nent and transitory changes into account (see, e.g., Ahmed {19873).

Although the formulation of a structural econometric model is beyond the scene of
this paper, we will look at one further aspect of our data, namely the evidence on coinge-
gration and common trends. Like the empirical evidence on stochastic trends and perma-
pent aud transitory components, any evidence of cointegration is useful information in the

process of formulation and estimation of an econometric model.

- - ~ ~%r
8Consider, e.g., the models u% =y + mu% and (CA/Y), = fp + ﬁ;ui -+ ﬁ;u}. which are versions of
(11) and (12) but which includes stationary variables only. OLS coefficients may be calculated from the

information in table 2, which gives oy = 234, Bt = —056 and B2 = 089, It can be seen that the
correlations between the transitory components of invesiment, on the one hand, and the current account
and the transitory component of savings on the other, are much lower than the correlations reported in
(13) and (14). Furthermore, the current account apjears o be pro—cyclical.
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8, Tests for common trends,

Some tests of the hypothesis that #avings and investments are cointegraied have already
been reported. First, undar the maintained hypothesis that the cointegra.t.ipg vector i3 equal
to (1, 1), the tests for stochastic trends in CA and CA/Y in table 1 are tests of the
hypothesis that § ang I, and 5/Y and /Y, respectively, are cointegrated. Since ihe
stochastic trend hypothesis can be rejected in these cases, the results may be interpreted as
evidence of cointegration. Second, the Feldstein—Horioka regression equation (13} offers a
test of cointegration hetween 8/Y and 1/Y, which involves no restriciion on the cointe-
grating vector {(except for the norraslization). Specifically, the DW—statistic of -56 implies
that the hypothesis of no cointegration can be rejected at the 1 per cent significance level,
according to the critical valyes given by Engle and Granger (1987). On the basis of tesis on
quarterly post—war US data, Miller (1988} also concludes that S/Y and I/Y are cointe-
grated, with a cointegrating vector reasonably <lose to (1, —1) (note that standard hypothe-
8is tests about these parameters are invalid), at least for the fixed-exchange rate period.

t can be argued, however, that the hypothesis of a trend in S/Y and 1/Y can be
ruled out on a priog grounds, at least under the maintained hypothesis that the para-
meter{s) characterizing the growth process is constant. it also seems unduly restrictive to
limit the sttention to tests where Y only appears (if ag all) in output shares. On the other
hand, the hypothesis of 2 common trend in the logarithms of of savings, investment and
output seems highly plausible {cf. King, Plosser, Steck and Watson (1987}). We will thus
apply the multivariate Stock-Watson test, which is described in Appendix B, to examine
whether there are common trends in X' = {(InS, 1nl, InY, InP, inp).

The Stock-Watson test of the hypothesis that the nxl vector X contains k rather
than n—m trends is hased on an examination of the (n—m-+1)st largest root of the first-
~order autocorrelation matrix of seme transformation of X (derived under the null hypo-
thesis of k trends; ef. Appendix B}. In our case, n = 5, and the null bypoihesis is that there

are ag wany irends as there are variables, i.e.,, k = n. The roots /\f as well as the test stati
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Table 3

Tests for common trends

Re Im n—m qrfs,nuxn) critical

vaiue (10%)

7159 4 ~29.83 —49.2
8438 3 ~16.40 326
9260 0313 2 LT —21.9
9260 —0313 1 -T.77 —14.0
9573 0 -4.48 7

Note:

The critical values are from Stock and Watson (1988a), table 3.
Tests are based on a VAR(9} regression, ie., 7= 105,
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stics q;{k,m-m) for various aliermative hypotheses (n—m = 0, 1, 2, 3, 4) are given in tabie
3. Based on the sritical values calculated by Stock and Watson (19883} the null hypothesis
cannot be rejected in favor of any alternative. The corumon trends hypothesis is thus nol
supported. This result is somewhat surprising, given that S and I (and S/Y and /Yy
appeared to be colntegrated from the univariate test on CA (and CA/Y) in table 1 and the
bivariate test based on {13).

A more powerful test could perhaps be designed if a certain null hypothesis where k
# n could be motivated on a priori or theoretical grounds. For example, it may be argued
that output and the price level are governed by two independent stochastic trends driven
by shocks to, e.g., technology and money supply, respectively; that any trend in terms of
trade is independent of domestic factors (due to Sweden being a small open economy); and
thal savings and investments have a common trend with output. This would then lead us
to test the hypothesis of k = 3 trends against o—m = 2 {or k = 4 against n—m = 3).% Ide-
ally, a test shouid be based on a theoretical model of savings and investments in an open
economy, like the closed—ecoromy study by King, Plosser, Stock and Watson {1987). This

task is lefs for future research, however.

6. Concluding comments.

The purpose of this paper has been to establish some stylized facts about current account
and business cycles in Sweden. Given that the aim of the study is descriptive, it is quite
natural not to draw any far—reaching "conclusions" from the figures presented. Neverthe-

less, some remarks about how our findings are related to earlier lterature may be in order.

9 OLS regressions of (linearly detrended) savings and/or investments against different sets of explanatory
variables do give indications of cointegration when the residuals are subjected to the Dickey — Fuller,
Stock ~— Watson and Durbin — Watson tests. The results are available from the authors upon request.
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First, our teste suggeat that investments and guiput, a3 well as ile railo between
these variables, confain siochastic trends. Inforence in regression equations which include
investments and ouiput as explanatory variables, a3 in Sachs (1981}, is thus 2 freachercus
exercise. Second, the current account does not appear to follow a2 stochastic trend. Given
that investment does, this requires that savings and investments are cointegrated, and that
savings also have a stochastic trend. The evidence on this point is however somewhat
mixed, since the univariate tesis on savings and the various tests for common trends give
0o clear picture. If savings and investments really are cointegrated these agoregates will be
perfectly correlated in the Jong run. This is comsistent with the empirical findings by
Feldstein and Horioka {1980), although not with their conclusion that capital mebility is
fow, since transitory fluctustions may not be {and, in [act, are not) perfectly correlated.
Third, if output, investments, etc. contain stochastic trends, the (rates of) change in these
variables reflect the stochastic shocks 1ot only to the transitory components but also to the
permanent components. Qur findings suggest that the decrease in Lhe volatility of Swedish
output noted by Sheffrin {1988) ruay be due to fower volatiity in the changes of both
components. However, the level of the transitory component seems as volatile as ever; in
this sense, the fluctuations in the "business cycle” have aof been dampened. Fourth, the
current account is positively correlated with the {iagged) transitory component of output.
This "pro—cyclical” pattern of the external balance should be consistent with intertemporal
optimization models. Other studies which have reported a counter—cyclical pattern should
thus perhaps not be taken as a siarting point for developments of new theories of the cur-
rent acceunt; rather, some further discussion of how the cyclicailty concept should be
defined might be in order. Fifth, the transitory fluctuations in savings appear to be more
volatile than those in investments. In a sense, therefore, current account fluciuations are
mainly associated with movements in savings rather than investments. This "result" is
contrary to that for other countries reached by Sachs (1981). Judging from the {igures
presented by Englund and Vredin (1989) this difference seems more due to specific Swedish

conditions than to differences in econometric methods. Finaily, the linding that the current
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account does not appear to have a stochastic frend whereas some "lupdamental” explana-
tory variables do, ey explain the iack of significant relations in the cmpirical models of
the external balance of Englund and Vredin {1987}, Backus {1985} and Rose and Yellen
(1987).
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APPENDIX A: Bstimation of permanent and tramsitory eomponents of I{1) time series.

The purpose of this appendix is to relate some model representations, which are equivalent
under certain assumptions, to 2 fundamental specification and thereby provide the ingtry~
ments that we need in order to estimate permanent and transitory components of 1(1) time
series. To achieve this objective, let X, denote an nx1 real valued vector time series, which
is assumed to be I{1) such that it bas a Wold vector moving average {VMA) representation

of ihe form
(A1) AXy=8+ ClL)e, t==12..

where ¢ is an nxl vector of random variables with mean zero and contemporaneous covari-
anee matrix %, assumed to be positive definite, L is the lag operator, A = 1-L, the nxn
matrix iag polynomial C(L) is defined by C(L) = Ek‘:ﬂckh“, where Ekt"lkéck{ converges,
C(0) = I, and the function det[C(A)] = 0, has all solutions on or cutside the unit circie
(cf. Hannan (1970)).

The convergence and the (1) assumptions imply that C(L) may be written in the

form

(A.2) C(L) = C(1) + A-C'(L),

where C; = —E;fjﬂck for je{0,1,..}. Furthermore, it can be shown that C*(L) is well
defined in the sense that Bj‘fﬂ[(};] converges, that is, C*(L) is absolutely summable (see
e.g. Stock (1987)). Finaily, we assume that C*(l) is a nonzero matrix. Substituting (A.2)

into (A.1) for C(L), we get after recursive substitutions that

X, = Xq+ 6t + C(I)Ek;ek +C (L) (e, —¢p), t=12,.






(A.3) X=X+ 0+ CUM, + 1 b=12

gone

where (X, + 8t} is a deterministic vector which contains a constant vecio

(g and 2 lincar
trend vector, 8. The stochastic components are C(1}3¢,, which is 11} and renrosents the
stochastic treads of X,, and u,, which is (8). If we can obtain 2 consisient estimator of
{ eg}:! and, hence, 2 congistent estimator of | £} ;i% thes {A.3) may be used 16 cstimale
{ut}:i. Since Xy 2nd £, are }{1}, OLS estimates of the possibly serially cor

78Uy

will e consisteat.

For the purpose of estimating the vector time series {¢,)

us assume that X, has a vector autoregressive represeiation of order p. deacied V

the form
(A4) ALIX,=0+¢, t=12,.

where A{0) = 1. H the vector time seres Ky is mot coimtegrated of erder (1,17 then

i

(A5) CLy AX, =6+,

i u

In this case rank{C(1)} = n, while rank JA{1}] = 0. Still, estimation of {A.4} wili provid
us with consistent estimates of {ct}:i. When X, is not cointegrated, estimates of {¢,) '
using {A.5) will be asymptotically efficient to estimates of this time series using (A4}, Dy

asymptotical efficiency in this context, it is understood thai the difference between Liie

asymptotic covariance matrix of the parameter estimates in {A.5) and the asymptotic






covariance matrix of the patameter estimates in {A4) equels 5 negative semidefinite
matrix. Similarly, when X, is cointegrated of order (1,1), (A4} provides ue with o modsl
from which we can acquire consistent estimates of {ft}fi and {£} ::;. in that case, (A.5)
is & model misspecification since cointegration implies that C(1) is singular. RMoreover,
cointegration implies certain linear constraints on the A{L) matrix leg polvacimial {sen
Engle and Granger (1987)), which means that estimates of {ft}:i szing such information
will be efficient in comparison to the estimates based on {4.4).

In summary, in order to estimate the time series {u,} ; when X, is {1} we propose
the foliowing procedure: (i} estimate the VAR(p) equation (A.4), which yvicids 2 time
series {;"}:1’ and (if) letting %& = Ek;;" for = 1,.,T we estimate X, ip equation
(A.3) by OLS, using the regressors {l,t._.:ﬁzj, thereby previding us with the time serics
{inlt}:a. As a byproduct, we get consistent estimatos of the determinisiic compenent and
the stochastic trends. Note also that our strategy te estimaling transiiory and permarent

components of X, allows the matrix Jag polynomial C'V{L) 10 be of an arbitrary order q.
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APPENDIN 3 "The univarizic aod mullivariate Stack—Watson filior tests for Ll

arder of integration and enintegration.

This appendix describes how the multivariate Stock—Watson filter teste for the order of
cointegration and the univariate counterparts {or the order of integraticn may be imple-
mented in practise. Primarily, we shall be concerned with the most general case for g8
real valued vector time series, Before we come to that, however, we shall discuss the
univarizte filter tests. A reason for considering such a special case is the simpliciiy by
which the testing strategy works. It may be noted that version 3.01 of RATS is supplied
with a procedure, Stockwat.sre, which performe both the univariate Slter tests ard the
avgmented Dickey—Fuller tests (for an analysis of this test, ¢f Fuljer {1976}, Dickey and
Fuller {1979,1981} or Said and Dickey {1984)). We have used an updated versicn of this
procedure, provided by Ossian Ekdahi at the Stockholm Schoo! of Economics.

Let x, denote a univariate time series which is supposed to be 1) under the nuij
and H©) under the alternative, By assumption, x, has an invertible ARMA(p,q) represen-
tation in first differences under the null. To perform the Stock—Watson filier tests for such
a time series, we shall also assume that the MA scalar lag polynomial is of order 0, while
the AR scalar lag polynomial is of order p by assumption. Hence, we may represent X, by

the foliowing stochastic process when the mean for Ax, is constant for all ¢

(B.1) ML)Ax = f+¢, t=12,.

where =(L) has all roots outside the unit circle {which foilows by assumption), and Fis a
constant related to the mean for Ax,.  Specifically, if E[Ax]) =y, then w1 = B
Finally, the disturbance, €, 18 an ii.d. random variable with mean zero and variance o,
Letbing x} = x, — xy — ut, where Xo 15 assumed to be constant, v = ole, and wx{(L) =

.

o'w(L), we may rewrite {B.1) as
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(B.2) LAY =1, t=12,..

The scalar lag polynomial =*(L) is an autoregressive filter of order p such thas Axy is
transformed into a white noise process with zero mean and unif variance.
To see how a test of the null that x, is 1(1) against the alternative that x, is {0} can

be constructed, assume first thai the parameters (Xou,0%,w(L)) are known, Letting ¢

¢
m{L)xi, wemay rewrite {B.2) as

(B.3) (o= plq+ vy t=1.2,.

Under the null, =1, implying that ¢, % 4 random walk whose innovation has zere mean
and unit variance, while under the alternative w < 1. To test the null hypothesis, one
may simply regress ¢, on {,_, by OLS. Letting ; denote this estimate, the Stock—-Watson

filter test statistic is

(B.4) qe{1,8) = Tlp — 1},

where T is the sample size. The asympiotic distribution for q; depends on the exact
relationship between x? and X+ I is unrestricted, then the distribution for c;; {see Stock
and Watson (1988a), table 3) should be employed and if p = 0, then the distribution for
qs; (table 2, same source) is valid under the null.

in practise, it may well be that the deterministic trend in X, 15 quadratic rather than

linear. To allow for this possibility we simply include this term in {B.1)
(B.5) ML) {Axg—7t) =f+ ¢, t=12,..

In this case, x}= X, —Xg — pt — 7t%. The asymptotic distribution for q; when X, contajns a






quadratic trend differs from the distributions when © = 0. The appendix in Stock and
Watson (1989) contains the empirical disiribution {or qf.

In practise, (xgu,7,02x(L)) are unknown and therefore have to be estimated.
Congistent estimates of x{ can be obtained by regressing x, on (1,t,t%). Let \ denote the
OLS estimate of x¥. By AR(p) regression of A;%, we get estimates of w{L} and o2, whick
are consistent under the null. Letiing 1‘:(L) denote the estimale of 5*(L.), we find that ¢ L=
’;’.(L)};t. We then regress &b on &m by OLS and thereby provide ourselves with an estimate
of , denoted ::of. Replacing r;af by c;yf in (B.4), we may calculate the statistic for the filicr
test. It may be ooted that ';t(L) converges 0 ©*(L) under the null, while it converges to a
scalar lag polynomial = (L) under the aiternative. For an analysis of the consisteucy of g,
see Stock and Walson (1988a), p. 1100. _

Let us now focus our atiention on the multivariate tests. Letting X, denote an n
dimensional real valued time series which is I(1) and applying the assumptions stated in

éppendix A, we know that
(Bﬁ) Xf: = XQ + ﬁt + C{i)ét +‘ ut, t = 1}2,...

where C(1) is singular when X, is CI(1,1), such that there may oxist & reduced number of
cointegrated variables Z, = o'X,. Let us consider a null hypothesis of r such variables, r g
{0,1,...,n—1}, against the alternative of m, where r < m. From Granger's representation
theorem (see Engle and Granger (1987)) we know that rank[C(1)] = n-r under the aull,
and n—m under the alternative.

A problem for many strategies to testing such hypotheses is that we must be able to
identify variables representing the common ¢rends feature of X, A solution, suggested by
Stock and Watson (1988a) (SW), is that instead of examining X, directly, we can examine
functions of regression statistics of a linear transformation of Xy, denoted Y, which is

chosen so that, under the null, the first n—r elements of Y, are I{1}, while the remaining 1
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elemente are 1(U). A naiural candidate to the final r elements is 4y &5 it satishes the i(0)

property. To be more gpecilic, 1oy Y= DX, where Dz o o, and of is an nx{n-r}
mwiailix of constanis.

How do we know that o' X, denoted by Wy, s 11} under the null? To sce this

Ay

fizst consider 7, == o'X,, which is an r dimensional vector of 5(6) randem varishles under

the null and the aflernative. Premai lying Dotk sides in (B.€) by of WE L
o (=3 L8 o v

o

{B.7) 4y = o'Xg + o't + o'C{E, + o', b= L2

\

gince Z, is 1(0), we find thal a'C(1} = 0, thereby eliminsiing the stochasiic trends £

Under the null and the aliernstive C(1} has rank equal to - and p-m, respentively,
) P J

Thus, we know that there exists af least ¢ linearly independent vectors in the i dimensional

Euclidean space which are orthogonal to the cofumns of Cli). ‘These r veclors sre

L

contained in the colymns of o, Furthermore, «'§ = 0 sipee the mean of 4, is a constant

vector. This, of course, lmplies that & lies in the columu space of C(1), le. & = C(1)F for

some vector §. We thus find that
{B.8) Ly=aXg+am, t=172,..
which is I{0). Because the columns of o* are orithogone! (o the columns of o under the

mul, e oo = 0, we Sud that o' C(1) #0 forall je {1,-.n1}, where «f denotes the

Lth column of o, Accordingly, under the null, every element of W ¢ will contain siochastic

e

trends, implying that W, is I{1). The requirement that o*o* = Ta-r Simiply means L

we normalize the coeflicients of o, Premultiplying both: sides in {B.6) by o', we got

(B.) W= 0%, + a®'§f + o' C{1}E; + av'y, =

i
'
i

il

Wo + Mt + o' C(1)¢, + a*'y, t=172

ydegres
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In contrast, under the alternative, af'C{1) £ 0 for je {1,.,0-m}, while o' C{1) = ¢
for i€ {n—m+1,...,n—r}, implying that only n~in elements of W, are [{1) while m—r cle-

ments are I{0). Following SW we shall assume that AW, which is given by
(B.10) AW, =M + o C(1)AE, + 0T (L)Ae, = M + o*'C(L)e,,

has a VAR(p) representation. Accordingly, there exists an (n-1)x{n-+) mairix jag poly-

nomial TI{L}) of order p with ail roots outside the unit circle such that
(B.11) L) AW, =B+, t=12..

where II{1)M = B and B(L}o*'C{L)¢, = 5, Note that the dimension of 7, is n—r, while
that of ¢, is n. It may be worth pointing out that when the null is given by r =0, i.e. X,
is not CI{1,1), we are allowed 0 choose o = Ig- In that case, W, = X, thereby making
the decomposition of X, trivial. In general, this is the first null to consider when cheskin:
whether & vector time series X, is Ci(1,1) or not.

Following the notation employed for the univariate test, let W, = W, — W, — Mt,
v, & Kip, where the (n—r)«(n—r) nonsingular matrix K is chosen so tha Elray] =1,

while 11*(L} = KII(L). We may theu rewrite (B.11) as
* *
(B.12) D {LAW, =y, t=12,..

&
The matrix lag polynomial 1T (L) is an autoregressive {ilter of order p such that AWZ is
transformed into n—r white noise processes, each with zero mean and unit vasriance.
To see how a multivariate test may be constructed, assume that

(D,Wo,M, %K, H(L)) are known. Letting ¢, = II' (L)W, we may write (B.12) as
] t t i }

s e






(B.13) G=8l 4y, t=12..

Under the null, @, = Lpe implying that the {(n-m+1) Jargest eigenvalue ic equal to 1. A
reason for considering eigenvalues is, of course, that since & is diagonal its eigenvalues
correspond to its diagonal elements. In contrast, under the alternative, the {a-m+1)
largest eigenvalue is associated with an 1(0) stochastic process and, hence, must he Jess
than f. To test the null of n—r common trends {or, equivalently, ¢ cointegrating vertors)
against an alternative of n—m such trends, one may simply regress €, on ¢, by QLS.

Letting é-f denote this egtimate, the SW filter tost statistic is
(B.14) ae{n-r,0-m) = T[Re(A¢ , o) — 1,

where T is the sample size and Re(if,n_m,) denotes the n—m+1 largest real part of the
eigenvalues of &’f,

1t may not be obvious why only the real part of the eigenvalues of CE'JE need ie he
considered. However, it can be shown that the imaginary parts converge to zero in proba-~
bility when multiplied by T under the null gnd the alternative, while Gg{7i~r,n—m)
converges 0 zero in probability under the null and approaches minus infinity vnder the
alternative (for analysis of the consistency of q(n—r,n—m), see SW p. 1100). The intuitive
explanation for considering the real eigenvalues is that @, is diagonal and, hence, its eigen-
values are real.

In practise, (D,Wp,M,Z.K,II(L)) have to be estimated. SW propose estimating the
matrix D by principal components methods, where the estimated 1 cointegrating veetors
are given by those linear combinations corresponding to the r smallest principal compo-
nents of X, while o* is estimated by those linear combinations corresponding to the p—r
largest principal components of X Thus, by construction the basis {or the largest princi-

pal components is orthogonal to the estimate of o, Such estimates are consistent under the

sl






nuil end the alternative. " One may perhaps think that OLS estimates of o {which, as Stock
(1987) has proven, are consisient under botk hypothesis) may be used with recursive esti-
mates of o* (using the constraints on o*) to construct an estirnator of 1. However, such an
estimator may not be consistent under the alternative,

Regression of the estimates of W, on (1,¢) provides us with consistent estimates of
Wt, which we denote by W By VAR(p) regression of &W‘, we obtain estimates of IT(L)
and I, which are consistent under the null. Letting r denote the estimator of B, Choleski
decomposition of the estimated contemporaneous covariarce. matrix provides us with a
mm%ﬁmede‘Mmamm%M%MMmUMm%mmUﬁﬂ%)mmw
II(L), is obtained by premultiplying our estimator cf IN(L} by the estimator of . Let ling
(‘ = H(L)Wg, We can estimate ®; by regressing «,& ern ﬁH using OLS. This estimated
matrix, denoted (Pf, and the real paris of its eigenvalues may be used in (B.14), where
Re(A[ n-mes) denotes the n—m-+1 largest real part of the eigenvalnes of @:

Theorems 3.1 and 5.2 in SW establish the asymptotic distributions for the real parts
of the eigenvalues of @f under various assumptions on the s specilication of the deterainistic
component of W,. The empirical distributions for Qglie—,n-m) are tabulated in tables I to
3 of SW and table 7 in the appendix of Stock and Watscy {1989} for the case of quadratic
deterministic trends.
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