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Chapter 8

Conclusions

8.1 Introduction

The main focus of this thesis is on the effects of marketing actions in competi-
tive markets. Such a study requires the estimation of a system of equations that
contains two types of functions: (1) demand functions that capture the effects
of marketing actions on the performance of brands, and (2) competitive reac-
tion functions that incorporate the various types of competitive reactions. We
also have the objective to capture the dynamics of the market in an appropri-
ate model. We use V ector AutoRegressive models with eXogeneous variables
(VARX ) to estimate dynamic relationships in the market, and we apply simu-
lations to study the evolution of the effects of marketing actions over time in
the competitive system. VARX models are advantageous because they contain
all relevant dynamic and interactive effects and are appropriate for the analysis
of competitive markets in which the detection of causality between variables,
the accommodation of feedback effects, and the identification of dynamic struc-
tural relationships between variables are crucial. Furthermore, they can capture
the complex interplay of the different contributing factors, and they translate
the underlying short-term dynamics into long-run consequences (Dekimpe and
Hanssens 1999, p. 402). Our models accommodate not only classical compet-
itive reaction effects but also own- and cross-brand sales feedback effects and
internal decision rules (such as coordinating own-brand promotional activities)
and provide substantively useful insights into the dynamics of demand and
reaction functions.
Given the growing attention for time series techniques in marketing, we start

the thesis with an overview of several univariate and multivariate time series
analysis techniques (Chapter 2). In Chapter 3 we discuss important issues in
the field of multiple time series analysis; the main focus is on VARX modeling.
We discuss existing applications of VARX modeling in marketing and note that
the greatest part of these models is calibrated on aggregate or market-level
data. Following this approach, we apply the modeling process to market-level
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data (aggregated store level data) in Chapter 4. In Chapter 5 we introduce
statistical tools for the investigation of VARX systems. These techniques offer
support for the selection of the appropriate VAR or VARX model. In Chapter
6 we turn to models and approaches that combine multiple units of time series
data to estimate VARX models. In Chapter 7 we apply the methodology in
Chapter 6 to the estimation of immediate and cumulative effects of supported
and non-supported price discounts. In addition, we compare the results of
Chapter 7 with those obtained from models that use aggregate data.
In this chapter we provide a brief overview of the thesis and discuss prospects

for future research. In Section 8.2 we briefly summarize the chapters that con-
tain empirical and econometric contributions to the marketing literature. We
describe the main findings of the dissertation in Section 8.3. Chapter 8.4 spec-
ifies limitations of the thesis and lists some topics for future research.

8.2 Summary

We briefly summarize the most important empirical and econometric findings
of the thesis in this section.

Dynamic analysis of a competitive marketing system based on market-level data
(Chapter 4)

We analyze the dynamic behavior of a competitive marketing system with
modern econometric techniques in Chapter 4. We build a VARX model on ag-
gregate (market-level) data that contains competitive response functions and
market response functions of multiple brands. We apply IRA and FEVD to
gain insights about the dynamic behavior of the competitive market. We ex-
tend the approach of Dekimpe and Hanssens (1999) in several ways. Dekimpe
and Hanssens specify distinct models for each brand arguing that the inclusion
of all brands’ unit sales and marketing variables in the system causes degrees-
of-freedom problems. Hence, in their approach, the competitive interactions
between individual brands do not receive explicit attention. We build a model
that simultaneously includes all relevant individual brands. To overcome the
degrees-of-freedom problem we apply Akaike’s F inal Prediction Error (FPE)
criterion. For the identification of the immediate effects Dekimpe and Hanssens
offer an approach that overcomes the limitations of the Cholesky decomposi-
tion. Their method uses information in the residual variance-covariance matrix
to derive a vector of expected shock values and to simulate this vector’s impact
over time. Although this method does not require the, in practise, often un-
tenable assumption of causal ordering, it lacks economic and marketing theory.
We apply the Structural VAR (SVAR) approach to obtain immediate price
elasticity estimates. This method is capable of supplementing sample based
information with managerial judgement and/or marketing theory (Dekimpe
and Hanssens 2000). We obtain confidence intervals around the immediate
elasticities and the IRA results using bootstrap methods.
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We find that the immediate own-brand effects of price changes are quite
substantial and most are statistically significant. The immediate own-brand
effects are, as expected, higher for supported prices than for non-supported
prices. However, two cross elasticities do not have the expected sign and are
relatively large although not significant at the 5% level. The cross elastici-
ties of the non-supported prices are often higher than the corresponding cross
elasticities of supported prices, which contradicts marketing intuition. Such un-
expected results may be due to difficulties inferring complexities in competitive
interactions based on a single series of market-level data.
The IRA results show evidence of post promotion dip in the tuna market

around the third and/or the fourth week after the promotion. According to
the FEVD results the log-sales of the brands are mostly affected by shocks
to own-brand supported and non-supported log-price variables. As expected,
the highest percentage is attributable to the shock to the own-brand supported
log-price variable. We also observe that the variance of the non-supported price
of a brand is mainly influenced by the own shock and partly by the shock to
the own-brand supported price variable. These results are in line with our
observation in the raw data, where we see that price reductions usually last
for more than one period and that supported price cuts are often followed by
non-supported price reductions.

Canonical Correlation Analysis and Wiener-Granger Causality Tests: Useful
Tools for the Specification of VAR Models (Chapter 5)

Often the calibration of a VAR or VARX model requires preliminary analysis.
In Chapter 5, we introduce canonical correlation analysis andW iener-Granger
(WG) causality testing for this purpose. These approaches prove to be suitable
tools to test the existence of structural relationships between (lagged) consumer
response and (lagged) marketing instruments. They are applied in Chapter 5
on data of market shares and marketing instruments in a market of a frequently
purchased consumer good. The brands use bonus, feature, price, refund, and
sampling as marketing instruments.
In the empirical application, prices appear to be effective instruments with

the highest canonical loadings and with the most significant immediate effects
on market shares. Based on Wald tests and WG causality tests, feature also
turns out to be an important marketing instrument in this market. Refund also
has essential dynamic effects while sampling only has a significant immediate
market response effect. Bonus does not seem to have any significant effect on
the market shares. We find causal effects from the set of market shares to the
set of marketing instruments (feedback effect) and from (current and lagged)
marketing activities to the market shares (immediate market response effect
and carry-over effect).
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Combining Time Series Cross Sectional Data for the analysis of dynamic com-
petitive marketing systems (Chapter 6)

In Chapter 6we discuss issues relevant to obtaining (mean) parameter estimates
for VAR models from pooled data. We develop models that combine time series
data for multiple units. We consider the Constant Coefficient M odel (CCM ),
the F ixed Effect M odel (FEM ), the Random Coefficient M odel (RCM ), and
the unit-by-unit approach. We introduce these models, explain estimation
procedures, and highlight the differences. We compare the FEM , the RCM and
two other methods (estimating VAR model from aggregate data and averaging
disaggregate estimates) on theoretical and practical issues. We discuss the
alternative models and analyze small-sample behavior (when heterogeneity is
present among cross-sections) through Monte Carlo studies.
We find (in accordance with Pesaran and Smith 1995) that if there is het-

erogeneity in the slope coefficients between the cross sections and we use the
F ixed Effect M odel (FEM) or build the model on aggregate data (i.e. if we
apply approaches that do not allow for heterogeneity in the slope coefficients)
we may have severely biased mean parameter estimates of the VAR models.
In our simulation studies RCM outperforms all other approaches (i.e. the ag-
gregate model, the disaggregate approach, and the FEM ) in terms of Average
Squared Prediction Error (ASPE), even when the distribution of the param-
eters over the cross-sections is far from normal. The superiority of RCM over
the unit-by-unit approach becomes more notable in the case of scarce degrees
of freedom.
These findings suggest that unbiased estimation of the mean parameters of

dynamic models requires allowing for a sufficiently high degree of cross-sectional
heterogeneity. At the same time, a model that needlessly allows for heterogene-
ity requires the estimation of extra parameters and hence, reduces efficiency of
the parameter estimates. So, a thorough investigation of heterogeneity should
precede the choice of the final TSCS model. To facilitate this investigation, we
briefly discuss some pooling tests.
Summing up, although panel data and T ime Series C ross Sectional (TSCS)

data, by combining inter-individual differences with intra-individual dynamics,
offer many advantages over purely cross-sectional or time series data (Hsiao
and Sun 2000), the availability to exploit the information contained in panel
or TSCS data depends critically on the plausibility of poolability. If individual
observations are more appropriately viewed as generated from heterogeneous
populations, there is no justification to pool the data. In that case, we cannot
capture the advantages associated with the use of panel and TSCS data. RCM
is a TSCS model that accounts for heterogeneity.
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Dynamic analysis of a competitive marketing system based on TSCS data (Chap-
ter 7)

In Chapter 7 we investigate the dynamic behavior of two markets (tuna fish
and shampoo) using the TSCS-VARX methodology. We show how the results
for the tuna data compare with those obtained from the VARX model built on
market-level (aggregated store-level) data in Chapter 4.
Based on the results of Chapter 6 we investigate parameter heterogeneity for

the choice of the TSCS model. Based on these results and based on theoretical
considerations, we conclude that FEM -based pooling is meaningful for this
application.
When comparing the immediate price elasticities estimated from pooled

data with the elasticities obtained from aggregate data we find that the pooled
results provide more efficient parameter estimates than the aggregate results.
More immediate (own- as well as cross-brand) price elasticities are significant
at the 5% level using the FEM, and the immediate elasticities have higher
face-validity. The improvements are probably due to the much larger number
of observations used for estimation.
The IRF s reveal some evidence of post-promotion dip. However, the mag-

nitudes of the dips are in general smaller than for the IRF s computed on aggre-
gate data. The confidence intervals around the IRF s that show the own-sales
responses to supported price cuts are narrower than those for the non-supported
prices. This is in accordance with the raw data that show that price is more
often used in combination with feature and/or display than without. There-
fore, the data contain less variation for non-supported prices than for supported
prices. This makes statistical inference about the effects of non-supported price
cuts less reliable than on supported price reductions. The main message of the
FEVD results on the disaggregate data is similar to that of aggregate-level
outcomes, although the disaggregate analysis shows more dynamics.
We apply a pooled VARX model to estimate immediate and cumulative

effects of supported and non-supported price discounts on two data sets in
Chapter 7. In one market there is a high degree of competitive interaction
(tuna-fish data). The other market is characterized by brands with unique
market positions (shampoo data).
To determine the relevance of each type of reaction, we simulate the sales

effects summed over the dust-settling period under different scenarios by selec-
tively excluding:

• competitive reactions;
• own feedback;
• cross feedback;

by setting the corresponding parameter values to zero. If all three types of
reactions are eliminated, we obtain gross effects. We do this for models with
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and without internal decisions. The internal decisions represent intrafirm effects
(relations between different variables for the same brand) and inertia (lagged
endogenous effects).
We compute average store results for both tuna fish and shampoo. We study

the differences between the two data sets. We find that the sales effects are in
general greater for supported than for non-supported price cuts. However, for
tuna the cumulative effects are greater than the immediate effects while the
reverse is true for shampoo. Also, for shampoo there is very little difference
between the net effects across alternative scenarios. For shampoo, the impact
of setting either the competitive reaction effects or sales feedback effects to zero
is very small, consistent with what one would expect for brands with unique
market positions. By contrast, the net effects for the tuna brands differ strongly
between the scenarios, and the role of cross-brand sales feedback effects is found
to be greater than the role of traditional competitive reaction effects.
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8.3 Important findings

The main conclusions of the thesis are summarized below. We order the results
with “increasing” emphasis on technical aspects; we present the substantive
results of the thesis first and we then list findings with more technical emphasis.

Substantive conclusions

1. For both tuna and shampoo data the sales effect is greater for supported
than for non-supported price cuts, in particular, the immediate sales ef-
fect for supported discounts is typically twice the sales increase for non-
supported discounts (Chapters 4 and 7).

2. For scenarios with internal decision rules, we find that this ratio on aver-
age is reduced for both gross and net effects (Chapter 7).

3. The average difference in incremental sales between supported and non-
supported discounts is greatest for tuna in the net effects but greatest for
shampoo in the immediate effects (Chapter 7).

4. For shampoo there is very little difference between the net effects across
alternative scenarios. That is, the impact of setting either the competitive
reaction effects or sales feedback effects to zero is very small, consistent
with what one would expect for brands with unique market positions. By
contrast, the net effects for the tuna brands (that have more competitive
positioning) differ strongly between alternative scenarios, and the role of
cross-brand sales feedback effects is greater than the role of traditional
competitive reaction effects (Chapter 7).

5. In the detergent market examined in Chapter 5, price and feature are the
most effective marketing instruments. They have the highest canonical
loadings, the most significant immediate effects on market shares, and
they have significant lagged market response effects and feedback effects.
Refund also has essential dynamic effects while sampling only has a sig-
nificant immediate market response effect. Bonus does not seem to have
any significant effect on the market shares (Chapter 5).

6. The sales and the marketing mix variables are predominantly stationary
(Chapters 4, 5, and 7). These findings are in accordance with the mar-
keting literature on the long-term effects of promotions (e.g. Bass and
Pilon 1980, Dekimpe and Hanssens 1995a, and Dekimpe et al. 1999).
There are several theories about the reason for the stationary property
of markets. Ehrenberg (1988) finds that most markets are stationary
and he attributes the stationarity to consumer inertia. Bass (1974) also
presents evidence of stationarity and represents this through a stochastic
choice process. From the stochastic choice perspective the market con-
sists of switchers with different probabilities of switching among brands
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in a category and stationarity is the steady state outcome of the stochas-
tic process. Lal and Padmanabhan (1995) find that while promotions
have an impact on market shares in the short run, shares are unaffected
by promotional expenditures in the long-run as promotional activities of
competitors neutralize each other.

7. In the frequently purchased consumer good market we find causality from
the set of market shares to the set of marketing instruments (feedback
effect) and from (current and lagged) marketing activities to the market
shares (immediate market response effect and carry-over effect). These
findings support the application of VARX models for the estimation of
the effects of marketing actions (Chapter 5).

Technical conclusions

1. The pooled model provides more efficient parameter estimates than the
model on aggregate data. More immediate (own- as well as cross-brand)
price elasticities were significant at the 5% level using the FEM, and the
immediate elasticities had higher face-validity (Chapters 4 and 7).

2. VARX models calibrated on pooled data provide better parameter esti-
mates than the VARX models obtained on aggregate data in the sense
of efficiency and face validity. They are also favored because they do not
face the aggregation bias problem (Chapters 4, 6, and 7).

3. In the frequently purchased consumer good market analyzed, besides the
performance and the price variables, other marketing mix variables (fea-
tures, and refunds) should also be considered endogenously. This sug-
gests to extend the applied VARX models to higher dimensional systems
(Chapter 5).

4. Although Panel data and TSCS data, by combining interindividual differ-
ences with intra-individual dynamics, offer many advantages over purely
cross-sectional or time series data (Hsiao and Sun 2000), the opportu-
nity to exploit the information contained in panel or TSCS data depends
critically on the plausibility of poolability. If individual observations are
more appropriately viewed as generated from heterogeneous populations,
there is no justification to pool the data. In that case, we cannot capture
the advantages associated with the use of panel and TSCS data (Chapter
6).

5. There exist several methods between the completely pooled and the com-
pletely heterogeneous (unit-by-unit) approaches that are capable of in-
corporating different degrees of heterogeneity. These methods and the
selection procedure between different pooling models require more atten-
tion in empirical research (Chapter 6).
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6. Ignoring heterogeneity among cross-sectional units may lead to severe bias
in the case of VAR models. The investigation of parameter heterogeneity
should get more attention in empirical research (Chapter 6).

7. Canonical correlation analysis and the associated Wiener-Granger causal-
ity tests are suitable tools for preliminary analysis before building a VAR
or VARX model. They provide: (i) insights about the number of signifi-
cant relations between the performance measures and marketing instru-
ments, (ii) insights about the effective (types of) marketing instruments,
(iii) tools for testing the existence of structural relations in a market, and
(iv) support for the ultimate choice of the “optimal” number of endoge-
nous (and exogenous) variables in the VARX model (Chapter 5).

8.4 Limitations and topics for future research

The research project that resulted in this thesis covers several issues in estimat-
ing the effects of price promotions in dynamic and competitive markets. Some
aspects of the dissertation require further study. Some possible directions for
future research are listed below.

1. Optimal competitive strategies - Game theoretic analysis

2. Price elasticity dependencies

3. More detailed modeling of competition and consumer response

4. Endogeneity of the non-price instruments

5. Interpretation of the RCM mean parameter estimates

6. Bayesian approach

7. Spherical covariance structure

8. Stationary variables and stable systems

9. Monte Carlo studies about the heterogeneity bias

10. Further study of poolability

Below we elaborate on these issues.
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1. Optimal competitive strategies

There is tremendous growth in promotion expenditures all around the world.
According to Progressive Grocer (1995) 70% of manufacturers have increased
their promotion expenditures between 1990 and 1995 in the U.S. In the Nether-
lands, total expenditures on sales promotion increased from 3225 million Dutch
guilders to 9810million guilders in the period of 1985 to 1998 and reached 12300
million by 2000. Advertising expenditures grew from 3740 million guilders to
over ten thousand million in the period of 1985 and 20001 . These trends are,
to a considerable extent, due to intensified competition. Bass and Pilon (1980)
found evidence that if one firm starts to increase promotion activity, then
the competitor also does so, eventually arriving at higher promotion activity.
Moreover, extant research (Leeflang and Wittink 1996 and Brodie et al. 1996)
indicates overreaction of marketing managers to each other’s promotional activ-
ities. There is also evidence that a large proportion of marketing expenditures
does not reach its aim due to intensified competition. Metwally (1978) finds
that a substantial fraction of brands’ advertising expenditures is self-cancelling.
Abraham and Lodish (1990) report that 85% of all promotions are unprofitable
and that only half of the advertising expenditures generate economic benefits
to the advertisers. This suggests that some promotional spending is avoidable.
Procter & Gamble, for example, increased profits through reduced promotional
activity, primarily because of cost savings as opposed to better competitive
pricing (Ailawadi et al. 2001)2.
A design of optimal reaction strategies in a competitive marketing environ-

ment would provide substantial support for the reduction of needlessly high
marketing spendings and for the assessment of optimal competitive behavior.
The natural framework for this problem is game theory and the problem can
be addressed by adding a decision model to the econometric (VARX ) model
and by analyzing the market with the help of difference- or differential game
theory. This analysis could expand the works of Gasmi et al. (1992) and Zeeuw
(1984). Given the estimated econometric model and the objective functions of
brand managers the following questions can be studied:

a. Given the reactions of both consumers and competitors what would be
the optimal policy of a brand manager given her objective function?

b. How does it compare with the actual behavior of the brand managers?

c. How does this optimal policy depend on the characteristics of the ob-
jective function, such as he length of the time horizon, the discount fac-
tor, and other parameter values. Does the optimal strategy of a profit
maximizing brand manager differ from the optimal strategy of a brand
manager who aims to increase market share?

1 Incentive Magazine December 1997, p. 6-9, Incentive Magazine 1998, p. 54-57, and
Jaarboek Mediabestedingen 2001, p. 34.

2Advertising Age (1995)
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d. What would be the optimal policy of the manufacturer who tries to co-
ordinate the marketing actions of the brands at the category level?

e. As marketing managers do not have perfect information about the mar-
ket, their beliefs about consumers and competitors may differ from reality.
How are their actions affected by distortions in the perceived system?

2. Price elasticity dependencies

Due to dynamic consumer behavior (quantity acceleration and timing acceler-
ation) the effect of a price cut that follows a price reduction of a competitor
may be lower than the effect of an initial price promotion.
Part of the sales increase in the period of a price cut arises from the stock-

piling and purchase accelerating behavior of customers (Blattberg and Neslin
1990, p. 192 and Neslin et al. 1985). This means that customers reallocate
their purchases over time. For example, they may shift the purchase of the
product from future periods to the time of the promotion. In a competitive
environment brand managers may observe a substantial increase in the sales
of competitors, and may react to a price cut of another brand in the following
periods. However, as consumers already stockpiled and possess considerable
inventory, the effect of competitors’ subsequent reactions might be less suc-
cessful. This suggests that the price elasticity of a brand differs depending on
whether the price reduction is an initial move or a competitive reaction. The
difference might depend on the substitutability and storability of the product
and on consumer anticipation of competitive moves.
The analysis of such a phenomenon could offer useful insights for marketing

scholars, could provide support for the planning of promotions for retailers,
and could improve the timing of competitive moves for manufacturers. At the
same time, if such a phenomenon exists, the immediate and overall effects of
promotions are underestimated and hence, the difference between the price
elasticity of an initial move and a competitive reaction should be incorporated
for better calculation of the immediate, gross, and net effects of promotions.
This can be implemented, for example, by using a varying parameter model.

3. More detailed modeling of competition and consumer response

Although VARX models are proper tools for the estimation and forecasting
of the effects of promotions over time, they cannot provide answers about the
substance of the behavior of consumers and competitors. In fact, without ad-
ditional knowledge, competitive reactions cannot be distinguished from moves
of followers or from retailer-dominated patterns of price promotions. In ad-
dition, VARX models built on store-level data cannot provide insights about
heterogeneity in the nature of consumer responses. As more detailed scan-
ner data are available and the usage of bonus and discount cards that require



150 Chapter 8

personal information increases, we can learn more about the dynamics of con-
sumer decision-making and about the choices of consumers in a competitive
environment.

4. Endogeneity of the non-price instruments

Although ideally all variables should be treated endogenously and exogeneity
should be tested based on this general model (Sims 1980), in Chapters 4 and
7 only the sales and the price variables are specified as endogenous. The non-
price instruments are treated exogenously in part because the primary focus of
the studies is on measuring the effects of temporary price cuts. However, the
results of canonical correlation analysis and Wiener-Granger causality testing
suggest that other marketing instrument variables, such as features and re-
funds, should also be included endogenously into the model. This suggests to
extend the applied VARX models to a higher order system. Such a model
would not only allow for considering and modeling performance feedback and
competitive reactions for non-price variables but it would also include multiple
reactions (Leeflang and Wittink 1996). Due to the increased number of avail-
able observations, the approach of pooling provides opportunities to consider
a more general model where exogeneity is tested and not imposed a priori.
However, the inclusion of, for example, feature only, display only, and feature
and display variables, in the empirical studies of Chapter 4 and Chapter 7,
requires special attention since they are binary variables at the store level. The
competitive reaction equations for these variables could be estimated using the
approach of Beck et al. (1998) and Beck et al. (2001).

5. Interpretation of the RCM mean parameter estimates

In Chapter 6 we introduce an RCM approach for estimating mean parameters
of cross-sectional units. The advantage of this model is its flexibility in captur-
ing parameter heterogeneity and reducing heterogeneity bias while combining
information among cross-sectional units. However, complications may occur
in the interpretation of higher order autoregressive processes if we assume a
normal distribution for the parameters over the cross-sections (i.e. if we apply
RCM ). Take a single equation AR(2) process for simplicity as an example.
Suppose the RC parameter for the AR(1) parameter is 1.2 with standard de-
viation 0.2, and for the AR(2) parameter it is −0.4 with standard error 0.2.
These two RC s capture AR(2) models with parameters 1.0 and 0.0 (the unit
roots case), 0.8 and −0.6, (very short cycles), and 1.2 with −0.1 (explosive
data) and 1.2 −0.22 (very long cycles). Hence, these RCM s may summarize
data that one would not want to summarize in the first place. An approach
to overcome this problem would be to use a truncated distribution or to use
partial pooling.

6. Bayesian VARX models
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In this thesis we apply traditional econometric modeling techniques. The es-
timates can be improved if the analyst has some information about the pa-
rameters beyond the information that is contained in the sample. Bayesian
estimation provides a convenient framework for incorporating prior informa-
tion with as much weight as the researcher feels it merits. In addition, the
Bayesian VARX modeling approach provides an elegant solution to the degrees-
of-freedom problem. For this purpose, Litterman (1986) suggested, for exam-
ple, to use a Bayesian strategy to estimate the VAR model where a priori
the lags have decreasing importance (known as Litterman prior or Minnesota
prior).

7. Spherical covariance structure

In Chapters 6 and 7 a spherical covariance structure is assumed for the RCM .
This is a strong assumption. The model could be extended, for example, to
consider contemporaneously correlated errors between units (i.e., to allow for
relationships between-stores) and serially correlated errors.

8. Stationary variables and stable system

In Chapter 6 the focus is mainly on stationary variables and stable systems for
the development of pooled VARX models. The approaches could be extended
to systems with evolving and cointegrated variables. There is growing literature
on this field from which future research could develop. Binder et al. (2002), for
example, consider estimation and inference in cointegrated panel VAR models.
They obtain generalized method of moments, quasi maximum likelihood, and
minimum distance estimators, and they show how the quasi maximum likeli-
hood estimator can be used for unit root and cointegration tests in short panels.
Larsson and Lyhagen (1999) present a general likelihood-based framework for
inference in panel VAR models with cointegration restrictions.

9. Monte Carlo studies about the heterogeneity bias

So far, there is only little literature on the bias arising from ignoring het-
erogeneity in dynamic models while there are several issues that still need
to be addressed. The small sample properties of the alternative approaches
should be studied more comprehensively through Monte Carlo studies. This
concerns, for example, the behavior of the approaches for (i) data sets with
different dimensions (i.e., smaller/bigger T , smaller/bigger N) (ii) data with
different sources of heterogeneity, and (iii) different VAR models (e.g., VAR
models with smaller/bigger dimension, or with shorter/longer lag-structure).
The small sample behavior of heterogeneity tests requires further examination,
too.
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10. Further study of poolability

One of the main messages of Chapter 6 is that researchers must be cautious in
applying pooled models for empirical research. We emphasize the importance
of and the need for thorough investigation of parameter heterogeneity for the
choice of the proper TSCS model. This message presents a challenge both
for theoretical and empirical researchers. It encourages further development of
heterogeneity tests and their application.




