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1 Summary

The cointegrated vector autoregressive (CVAR) model includes differences of variables and
the cointegration between them in a multivariate context in order to analyse both short-run
and long-run effects within the same model. The CVAR model thus represents a system
where variables are pushed away from long-run relationships by exogenous shocks and where
short-run adjustments force them back towards long-run relationships. Assumptions from
economic theory can also be translated into testable hypotheses on the cointegration rela-
tionships of key variables and their associated adjustment coefficients in the CVAR model.

Perhaps for the above reasons, a vast literature on the CVAR model, both theoretical
and empirical, has emerged over the last three decades. In fact, a Google Scholar search on
the term “the cointegrated VAR model” provides around 68 thousand hits on articles and
books, of which Ericsson (1992), Banerjee et al. (1993), Hendry (1995), Johansen (1995),
Juselius (2006), Lütkepohl (2007), Bjørnland and Thorsrud (2015), Juselius (2015, 2019) and
Nymoen (2019) are some examples of overviews of the CVAR model in theory and practice.

The purpose of this thesis is to contribute to the empirical literature by using the
CVAR model based on macroeconomic time series data to evaluate the performance of theo-
retical aspects of economics ranging from consumer behaviour, inflation dynamics, exchange
rate pass-through, export behaviour to behaviour in the world oil market. When quantifying
short-run and long-run relationships between variables involved, the possibility of changes
in economic behaviour, as a result of for example the financial crisis in 2008 and the intro-
duction of inflation targeting in monetary policy in 2001, is taken into account in the CVAR
model. The thesis consists of eight chapters. An introductory chapter provides an outline of
the main concepts of the CVAR model as well as a summary of the empirical evidence from
the various applications of the model. The seven subsequent chapters are articles of each
of the applications, of which six are published in international economic journals and one is
currently under consideration for possible publication in an international journal.

In this summary, I give an overview of the main empirical findings from the seven
articles, starting with Norwegian consumer behaviour (chapter 2) followed by Norwegian
inflation dynamics (chapters 3 and 4), the effects of the distribution sector and trade lib-
eralisation on exchange rate pass-through in Norway (chapters 5 and 6), export behaviour
in Norway (chapter 7) and OPEC behaviour (chapter 8). At the end of this summary, I
provide some concluding remarks including some unanswered questions that arise from the
thesis and that are left for future research.

1.1 Chapter 2: The consumption Euler equation or the Keynesian
consumption function?1

This chapter contributions to the literature in three ways. First, we formulate a CVAR
model that nests both a class of consumption Euler equations and various Keynesian type
consumption functions. The former include a version of the martingale hypothesis of Hall
(1978) and the equations of precautionary savings and liquidity constraints as in Campb ell

1This chapter has been co-authored with Ådne Cappelen, Eilev Jansen and Anders Rygh Swensen and
is forthcoming in Oxford Bulletin of Economics and Statistics ; see Boug et al. (2020).
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and Mankiw (1991) and of habit formation as in Smets and Wouters (2003). Using likelihood
methods, one can test the properties of cointegration between consumption and income and
of equilibrium correction in the nesting CVAR. Drawing upon Eitrheim et al. (2002), the
former property represents the common ground for a Keynesian type consumption function
and a consumption Euler equation, while the latter represents the feature that distinguishes
between them.

Second, we study aggregate Norwegian consumer behaviour within the context of the
nested CVAR using quarterly data that span the period from the early 1980s to the end
of 2016. We find support for cointegration between consumption, income and wealth once
a structural break around the financial crisis in 2008 is taken into account. Our finding
that consumption cointegrates with both income and wealth and not only with income is
evidence against a consumption Euler equation. Likelihood ratio tests further show that
consumption equilibrium corrects to changes in income and wealth and not that income
equilibrium corrects to changes in consumption, as would be the case if an Euler equation
were true.

Third, we consider conditional expectations of future consumption and income in
CVAR models within the context of Johansen and Swensen (1999, 2008). Since, as pointed
out by Tinsley (2002), “empirical rejection of rational expectations is the rule rather than the
exception in macroeconomics”, we divide the parameters of well fitted CVAR models into two
parts: parameters of interest, which are the parameters describing rational expectations, and
nuisance parameters, which are the parameters necessary to ensure satisfactory empirical fit.
Using this strategy it is possible to focus on economically interesting parameters stemming
from the class of Euler equations. Our treatment of the role of conditional expectations of
future consumption and income is quite similar to what has been done in the new Keynesian
literature on pricing behaviour; see Boug et al. (2010, 2017). We find that when conditional
expectations of future consumption and income are considered in CVAR models, most of the
parameters stemming from the class of Euler equations are not corroborated by the data.
Only habit formation in line with Smets and Wouters (2003) seems to play an important
role in explaining Norwegian consumer behaviour.

1.2 Chapter 3: Inflation dynamics in a small open economy2

In this chapter, we evaluate the empirical performance of forward-looking models based on
Norwegian data that run from the first quarter of 1982 to the fourth quarter of 2011. Building
on Sbordone (2002), our forward-looking models relate current inflation to expected future
inflation and the difference between actual price and steady-state value of levels as a theory-
consistent forcing variable. The steady-state value is specified as a mark-up over marginal
costs, which, in turn, are determined by the costs of both labor and imported intermediate
goods along the lines of the open economy models in McCallum and Nelson (1999), Kara
and Nelson (2003), and Batini et al. (2005).

We contribute to the empirical literature by studying both the exact and inexact
formulations of the model. For the exact formulation, we employ the likelihood-based testing

2This chapter has been co-authored with Ådne Cappelen and Anders Rygh Swensen and is published in
The Scandinavian Journal of Economics ; see Boug et al. (2017).
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procedures suggested by Johansen and Swensen (1999, 2008) within the context of a CVAR
model. Because similar treatment of the inexact formulation is more complicated to handle,
see Boug et al. (2010), we rely on a test based on a minimum distance approach along
the lines of Sbordone (2002) and Magnusson and Mavroeidis (2010). Consequently, we are
able to shed some light on the importance of introducing a stochastic error term into the
empirical model, an econometric issue that is often neglected in the literature. Unlike most
related studies, see for instance Gaĺı and Gertler (1999), Gaĺı et al. (2001) and Batini et al.
(2005), we pay particular attention to the time series properties of the variables involved,
and the possible existence of unit roots. As a premise for the validity of the statistical
inference of the forward-looking models, we search for statistically well-specified underlying
VAR models. In our study, we also compare and contrast the specifications of a reduced-form
forward-looking model with a backward-looking counterpart model as two competing models
of inflation dynamics, both in-sample and out-of-sample in a forecasting competition.

Our empirical investigation produces several noteworthy findings. First, we establish
a well-specified empirical counterpart to the theory-consistent link between consumer prices
and marginal costs. Second, we demonstrate that the exact formulation of the forward-
looking model is at odds with the data. The rational expectations hypothesis is not rejected
statistically but, when only economically meaningful parameters are allowed, the model is
not supported by the data. In addition, a plot of the likelihood surface reveals that some
of the parameters might not be well-identified. We also show that the inexact formulation
of the forward-looking model does not yield radically different results. In particular, the
identification problem seems also to be present in this model. Third, we establish a well-
specified competing backward-looking model of inflation dynamics in a sample containing
a major monetary policy regime shift. Finally, we find that the backward-looking model
forecasts somewhat better than a reduced-form forward-looking model during and after the
financial crisis in 2008.

1.3 Chapter 4: Expectations and regime robustness in price for-
mation: evidence from vector autoregressive models and re-
cursive methods3

While the usefulness of cointegration analysis for studying long run economic relationships
is hardly controversial, the modelling of short run behaviour is more of an unsettled issue.
Data-based methods are often used to develop conditional equilibrium correction models
(EqCM), but theory-based methods are also widely applied in the literature. One theory-
based model used to explain short run dynamics is the linear quadratic adjustment cost
(LQAC) model under rational expectations introduced by Rotemberg (1982). Proponents of
this approach often refer to the Lucas critique as a reason for discarding conditional models
and argue that LQAC-models may circumvent the critique if economic agents are indeed
forward-looking. However, estimation of such a model is not in itself compelling evidence for
or against the Lucas critique, even if the proposed LQAC-model is not rejected. One should
also demonstrate the weaknesses of competing models and verify that those models are

3This chapter has been co-authored with Ådne Cappelen and Anders Rygh Swensen and is published in
Empirical Economics ; see Boug et al. (2006).
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impacted by the Lucas critique. Conversely, rejection of a particular LQAC-model does not
necessarily preclude economic agents from acting on alternative expectation-based models;
see for instance Ericsson and Irons (1995).

This chapter evaluates the empirical performance of both the LQAC-model and the
EqCM-model, using Norwegian data on machinery export prices that span the period from
the first quarter of 1978 to the fourth quarter of 2004. The Norwegian central bank fol-
lowed a policy of exchange rate targeting in various forms for many years before changing
fundamentally to inflation targeting in 2001. In principle, this could have caused export
price formation to shift in accordance with the Lucas critique. Our point of departure is
the standard assumption of imperfectly competitive markets, where the optimal export price
is determined as a mark-up over marginal costs. We estimate marginal costs using a fully
specified cost-function consistent with economic theory. The mark-up in turn is modelled as
depending on relative Norwegian and competing prices. To evaluate the LQAC-model, we
use the testing procedure of Johansen and Swensen (1999). The results show that there is
overwhelming empirical evidence against the LQAC-model. We then follow Hendry (1988)
and show by means of recursive methods that there exists a stable EqCM-model of export
price behaviour (despite regime changes) along with an unstable marginal process for one of
the conditioning variables in that model. Finally, we demonstrate that the estimated EqCM-
model performs well post-sample in spite of the known monetary policy regime change with
the introduction of inflation targeting. Hence, the invariance property of monetary policy
regimes shows that the EqCM-model is not subject to the Lucas critique.

1.4 Chapter 5: Exchange rate pass-through in a small open econ-
omy: the importance of the distribution sector4

In this chapter, we present empirical evidence on exchange rate pass-through for the Nor-
wegian economy by means of a CVAR model of trade margins in the distribution sector.
The econometric modelling of trade margins is based on data that span the period from
the first quarter of 1970 to the third quarter of 2010. The degree and speed of exchange
rate pass-through to retailers’ trade margins are important for inflation dynamics, as trade
margins make up close to 30 per cent of the official consumer price index. We assume
monopolistically competitive pricing behaviour when modelling prices, but do not consider
forward-looking behaviour as this hypothesis is found to be clearly at odds with Norwegian
data; see Bjørnstad and Nymoen (2008), B̊ardsen et al. (2005, p. 145) and Boug et al.
(2006). The estimated CVAR model of trade margins is then analysed within a large-scale
macroeconometric model of the Norwegian economy, assuming 10 per cent depreciation of
the Norwegian krone on a permanent basis. By using the macroeconometric model, which
includes the pricing-to-market hypothesis of Krugman (1987), price-wage and wage-wage spi-
rals across industries, we are able to examine exchange rate pass-through to import prices,
production costs, mark-ups and consumer prices for a large number of commodities and
industries. Unlike studies in the new open economy literature, which are typically based on
partial analyses of aggregated single-equation models, we thus take into account numerous

4This chapter has been co-authored with Ådne Cappelen and Torbørn Eika and is published in Open
Economies Review ; see Boug et al. (2013).
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channels through which the exchange rate is likely to operate in a small, open economy like
the Norwegian one.

Model simulations show that exchange rate pass-through takes place quite rapidly
with import prices and fairly slowly with consumer prices in the Norwegian economy. We
demonstrate that pass-through to consumer prices is not complete even within a ten-year
horizon, a finding which may support the hypothesis of local currency pricing. The im-
portance of the distribution sector is clearly apparent, as trade margins act as cushions to
exchange rate fluctuations in the short run, thereby limiting the extent of exchange rate
pass-through to consumer prices. If domestic inputs to the distribution sector are quantita-
tively important, then tradable goods sold to consumers include national value added (retail
services), which may explain why there is incomplete pass-through. Likewise, imports as in-
termediate goods that together with domestic inputs produce final goods sold to consumers
may also contribute to limited pass-through of exchange rate movements to consumer prices.
We also present evidence that the exchange rate pass-through in the retailers’ price setting
has not changed significantly since the shift in monetary policy to inflation targeting in 2001
and the financial crisis in 2008.

1.5 Chapter 6: Trade liberalisation and exchange rate pass-through:
the case of textiles and wearing apparels5

In this chapter, we estimate a CVAR model for Norwegian import prices on clothing using
data from the first quarter of 1986 to the first quarter of 2008 and controlling for the gradual
removal of non-tariff barriers to trade experienced in the clothing industry since the mid-
1990s. The empirical analysis is prompted by the fact that low consumer price inflation
observed over several years in Norway coincides well with a simultaneous fall in import
prices for clothing. Developments in import prices for clothing may partly be explained by
factors such as shifts in exchange rates, international prices (measured in foreign currency)
and domestic market conditions in line with the pricing-to-market hypothesis of Krugman
(1987). However, they should also be viewed in light of trade liberalisation, which led to
a massive increase in imports of clothing from China and other low-cost countries at the
expense of imports from high-cost countries, the euro area in particular. The significant
deflationary effect on traded goods prices of shifts in the country composition of imports has
been dubbed the China effect and is likely to be important for quantifying exchange rate
pass-through in regression models.

We construct three different measures of foreign prices which are used in estimating
pass-through. Our first two measures are based on the Törnqvist and Fischer price indices.
The fact that available data on foreign prices for clothing are price indices and not price levels
makes the Törnqvist and Fischer price indices not directly usable for numerical calculations in
our context. If the available set of price indices is used directly by means of the Törnqvist and
Fischer price indices, only inflationary impulses are taken into account in the final inflation
aggregate. For constructing the first two measures of foreign prices, we therefore suggest
a data calibration method based on purchasing power parities to take account of not only

5This chapter has been co-authored with Andreas Benedictow and is published in Empirical Economics ;
see Benedictow and Boug (2013).
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inflationary differences, but also varying import shares and differences in price levels, that is
the China effect, among trading partners. Our third measure of foreign prices is based on the
often used geometric mean price index with constant import shares as weights, a measure
which thus fails to take account of the China effect. By comparing the pass-through estimates
that emerge from modelling the import prices of clothing with the alternative measures of
foreign prices, we are able to shed some light on the potential problem of omitted variable
bias in the empirical tests of the pricing-to-market hypothesis.

We find that the China effect on traded goods prices is substantial in the clothing
industry. Our calculations suggest that, on average, the shift in imports from high- to low-
cost countries has reduced the international price impulses generated by clothing imports
by around 2 percentage points annually. Controlling for these effects, we estimate the pass-
through and pricing-to-market elasticities to be 0.44 and 0.56, respectively. By way of
contrast, we find that using the geometric mean price index as a measure of foreign prices
biases the estimates due to a substantial overestimation of international price impulses.
We also establish that the preferred estimated dynamic model is reasonably stable within
sample and exhibits no serious forecasting failures around the dates of the shifts in trade
policy. That no serious forecasting failures are detected may reflect the fact that likely pass-
through effects of changes in trade policy are controlled for through the suggested measures
of foreign prices. Consequently, once the effect of shifts in imports towards low-cost countries
is controlled for in the estimation, we find little evidence that the properties of the import
price equation have changed alongside trade liberalisation.

1.6 Chapter 7: Exchange rate volatility and export performance:
a cointegrated VAR approach6

In this chapter, we study the impact of exchange rate volatility on Norwegian exports within
a standard demand-type model. The empirical analysis is based on the CVAR model and
data that span the period from the first quarter of 1985 to the fourth quarter of 2005. The
CVAR model is particularly relevant in our context as different properties of the time series
involved, which are often neglected in related studies, can be handled using essentially the
same methodology.

We follow Johansen (1995) and Rahbek and Mosconi (1999) and conduct cointegration
rank inference by means of a VAR model in which all variables, including exchange rate
volatility, are non-stationary, and a VAR model in which volatility is a stationary regressor,
respectively. To measure volatility, we make use of the conditional variance of the exchange
rate from a Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model. As
a test of robustness, we consider GARCH-measures of volatility based on both the nominal
and the real exchange rate. Unlike some related studies, which have used aggregated data
for an economy, we model exports of machinery and equipment as one important exporting
group of goods. Finally, we pay attention to special exchange rate events and monetary
policy regime shifts during the sample period. In particular, we test by means of out-of-
sample forecasting whether the shift to inflation targeting in 2001 did have significant effects

6This chapter has been co-authored with Andreas Fagereng and is published in Applied Economics ; see
Boug and Fagereng (2010).
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on exporters’ behaviour, and thus on the estimated coefficients of a parsimonious model.
Our empirical findings suggest that a reduced rank VAR, in which exports, rela-

tive prices and world market demand represent the modelled variables, explains the data
quite well. However, we are unable to identify any statistically significant cointegration re-
lationship among the variables when the information set also includes a GARCH-measure
of exchange rate volatility, treated as either a stationary or a non-stationary variable in
the VAR. Rather, we find that volatility changes by means of impulse dummies connected
to the monetary policy change from a fixed to a managed floating exchange rate and the
Asian financial crises during the 1990s enter significantly into a dynamic model in which
exports, relative prices and world market demand form a cointegration relationship. We
also demonstrate that the dynamic model performs well out-of-sample, a finding which con-
tradicts the hypothesis that increased exchange rate volatility following the introduction of
inflation targeting has had a significant impact on export performance.

1.7 Chapter 8: Did OPEC change its behaviour after the Novem-
ber 2014 meeting?7

The empirical evidence on OPEC behaviour is rather mixed. Kaufmann et al. (2008) argue
that the failure to agree on a benchmark model is not a weakness, but rather a strength, as
OPEC behaviour does not fit easily into any single model. The disagreement and plethora of
models may be due to changing OPEC behaviour over time, as pointed out by Almoguera et
al. (2011), Fattouh and Mahadeva (2013) and Alkhathlan et al. (2014). Several oil market
analysts have also argued that at the November 2014 meeting OPEC significantly changed
its behaviour by deciding to keep its supply unchanged despite the huge oil price drop in
advance.

In this chapter, I contribute to the literature by studying the behaviour of OPEC as
a group for the period from 1992 to 2018, with a special focus on the possibility of changes
in actions taken by the organisation before and after the November 2014 meeting. First, I
set up a theoretical model of OPEC behaviour that encompasses several of the possibilities
discussed in the literature, among them the competitive model, various forms of the imperfect
competition model and the Hotelling rule. Unlike some related empirical studies, my model
includes a possible role for resource stock to affect OPEC extraction or production costs.
Then, in the empirical analysis, I contribute to the literature by paying particular attention
to time series properties of variables involved and searching for statistically well-specified
underlying models as premises for valid inference about the OPEC behaviour.

By estimating a CVAR model based on data running from the first quarter of 1992
to the fourth quarter of 2013, I find support for the imperfect competition hypothesis re-
garding the output decisions of OPEC. The implied average estimate of the price elasticity
of demand for OPEC oil is less than minus unity, consistent with the dominant producer
model. Moreover, OPEC’s oil reserves seem to affect production costs positively, contradict-
ing Hotelling’s (1931) rule. I also find that a dynamic equilibrium correction model with
imperfect competition is reasonably stable in-sample and has a somewhat better fit than an

7This chapter is currently under consideration for possible publication in Empirical Economics ; see Boug
(2020).
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alternative dynamic model with weaker theoretical underpinnings. However, a forecasting
exercise based on data running from the first quarter of 2014 to the fourth quarter of 2018
reveals that the preferred model breaks down following the OPEC meeting in November
2014. The model systematically underpredicts OPEC production over the most part of the
forecasting period and by as much as nearly 3 million barrels per day at the end of 2016.
A sequence of parameter constancy forecast Chow tests also reveals a significant structural
break around the fourth quarter of 2014. During 2018, however, the model forecasts OPEC
production quite well. I therefore conclude that OPEC’s behaviour did indeed change sig-
nificantly after the November 2014 meeting, presumably to limit the role of competitors like
American producers of shale oil.

1.8 Concluding remarks

Although this thesis evaluates basic assumptions underlying the various theoretical models
by means of testable hypotheses within fairly well-specified CVAR models, some unanswered
questions still arise from the empirical analyses.

One unanswered methodological question is related to the examination of parameter
constancy in the estimated models. Most of the chapters rely on recursive estimation of co-
efficients and sequential test statistics for examining instabilities within the sample period.
While these are useful techniques for establishing parameter constancy, there are now more
powerful approaches available, such as the so-called impulse indicator saturation tests; see
for instance Hendry and Doornik (2014). In particular, impulse indicator saturation tests
have the advantage of being able to assess parameter constancy early in the sample period,
whereas recursive methods require an initial estimation period. Hence, this thesis fails to
evaluate parameter constancy for about a fifth of the sample period in many cases. Another
unanswered methodological question is related to the failure to impose a “true”weakly ex-
ogenous variable when testing conditional expectations within the context of Johansen and
Swensen (1999, 2008). For instance, in chapter 2, household income is found to be weakly
exogenous with respect to the long run parameters, a property which is not imposed in the
testing of conditional expectations of future consumption and income, as the testing proce-
dure of Johansen and Swensen (1999, 2008) requires a full system. The question of whether
efficiency gains could be achieved in the finite sample by testing conditional expectations
within a partial rather than within a full system is thus left unanswered. The question of
whether weak exogeneity of income has implications for the analysis of the structural break
around the financial crisis in 2008, which could be illuminated by the framework of Kurita
and Nielsen (2019), is also not answered in this thesis.

Yet, some other unanswered questions are related to the operationalisation of theo-
retical variables and to the underlying assumptions imposed on the theoretical models from
the outset. For instance, in chapter 2 the consumption variable includes durable goods in
addition to non-durable goods and services. Because the implications of the permanent in-
come hypothesis are tested, one may argue that the empirical findings are to some extent
influenced by the investment element of durable goods, and should therefore be excluded
from the consumption variable under study. Similarly, in chapter 3 the deflator for total
imports is used as a measure of the unit import costs of intermediate goods used in pro-
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duction. Since total imports also include final consumer goods, and not just intermediate
goods, one may argue that the correspondence between the operational variable and the
theoretical variable is not as close as it should be. When it comes to assumptions imposed
on the theoretical models, chapter 2 imposes the ex post real interest rate as a simplifying
assumption in the model of Campbell and Mankiw (1991). Thus this thesis fails to test for
conditional expectations regarding the ex ante real interest rate in addition to conditional
expectations regarding future consumption and income. Another simplifying assumption is
made in chapter 8, in that the theoretical model for estimation purposes is basically related
to the supply behaviour of OPEC. While important, the demand side of the oil market, that
is the residual demand facing OPEC, is not an explicit part of the empirical model. The
question of whether these untested simplifying assumptions are crucial to the conclusions of
the empirical analyses, and thus to their reliability, is left for future research. Thus, the so-
called Law of Decreasing Credibility by Charles F. Manski may put some of the conclusions
in this thesis, if not all of them, in the right perspective:

“There is a tension between the strength of assumptions and their credibility. I have called
this...: The Law of Decreasing Credibility: The credibility of inference decreases with the
strength of the assumptions maintained. This Law implies that analysts face a dilemma as
they decide what assumptions to maintain: stronger assumptions yield conclusions that are
more powerful but less credible.”
— Manski (2011, p. 262)
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