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PREFACE

The work resulting in this study was initially started in 1977 when I was a research
associate at the Department of Statistics, Umea University, Umea, Sweden. It started as
an integral part of the research progranlnle Econonletric Modelling for Control. The
overall aim of that programme was to analyze a few, particularly statistical, questions and
problems in applying control techniques to macro-economic planning and analysis.
After a long dormant period, my research in this area was revived by inspiring
interest and support from Anders H. Westlund at the Stockholm School of Economics.
The focus of my research has, though, gradually shifted. It started from the question of
finding relevant and consistent statistical data for use in econometric analysis, that is from
the users' point of view. Successively, the interest has been more and more oriented also
towards the perspective of the statistics producer. This trend has parallelled my own
engagement in design and revision of data production systems, and into the development
of national statistics infra-structure.
Some of the material presented in this thesis was published in 1989 as a licentiate
thesis (Eklof, 1989). It has also in part been presented at international conferences and
seminars. Most recently, a draft version of Chapter 5 - 10 was presented and reviewed
at the Dynamic Economics and Control Conference in Capri, June 1991.
While at the University ofUmea, I worked with Kurt Brannas, Anders H Westlund
and Uno Zackrisson. Kurt has been of invaluable assistance in the application of optimal
control techniques and development of the initial version of the computer programs for
the sinlulation studies in Part II. The work on the first version of the Swedish Macro
Model, Appendix 2, was developed in cooperation with Lars Lundberg. Lars has also
given valuable comments for updating the model. Sincere comments on an early version
of the thesis by Lars-Erik Oller are recognized with thanks.
Anders Agren, Uppsala University; K-G LOfgren and Kurt Brannas, Umea
University~ and Lars Jonung, Stockholm School of Economics have all generously
commented the work. Many colleagues at the Department of Economic Statistics,
Stockholm School of Economics, have assisted with comments and fruitful discussions of
various drafts. I am particularly grateful to Claes Cassel, P 0 Edlund and Sune Karlsson
for honest and constructive criticism of my work.
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My tutors Erik Ruist and Anders H Westlund have been of continuous assistance
for the methodological work as well as in the research design and thesis layout.
Colleagues at Statistics Sweden have been cooperative and supportive in the
preparation of the empirical parts of the thesis. I have been offered access to background
material and have had the opportunity to receive comments on drafts for some of the
chapters. I anl also grateful to Statistics Sweden for offering a good research environment.
Chris Denell, Tim Greenhow and Marc Platten have assisted in improving the style
and language in parts of the thesis. In this context a reference to WordPerfect, the family
of integrated program systenls as well as its Swedish distributor, is appropriate. I have
learned a few basic lessons during lengthy sessions in front of the computer screen and
also from telephone conversations with representatives of WordPerfect Scandinavia, in
particular Lennart Arnlind. At the same time, I am sure there is much more to be
explored also in this field.
A special vote of thanks should go to all professional and service minded librarians
at the Stockholm School of Economics, Statistics Sweden, and a nunlber of other libraries
whose assistance and efforts I have relied upon.
My parents have meant a great deal to encourage me into further studies, and at
the same time reminded me never to forget the application side of all research endeavors.
My wife Gretel has assisted and contributed to this thesis in numerous ways, and has
consistently been an invaluable source of inspiration. My son Jonas has pushed me
through many unproductive spans and challenged me every now and then. The entire
family has rescued me from many less creative periods and kept me from forgetting that
quality of life is an important basis for quality in professional work.
I am indebted to all who have contributed to the fulfillment of the project.
Remaining errors and inaccuracy, of course, are my sole responsibility.
Most of the empirical illustrations and examples are based on Swedish conditions.
However, I have also been made aware of data quality considerations and discussions in
other countries, not least in developing countries, during assignments abroad.
Financial support from Handelsbankens Forskningsstiftelser for initial work within
the project is gratefully acknowledged.

Stockholm 15/03/92

Jan A. Eklof
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PRELIMINARIES
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1.

INTRODUCTION

Measurement and recording of phenomena in society have a long history. The interest
in systematic documentation of observations goes back all the way to the early days of
mankind. Statistical data are produced nowadays on a regular basis to cover a multitude
of aspects. These sets of data are prepared for purposes of plain description, analysis and
evaluation, projections, forecasts, planning, follow-up and decision making. The volume
of statistical data on economic processes alone seems to be ever increasing. Much of this
publicly available data is produced and compiled in the government sector. However, a
number of specialized companies also offer consultation services in statistics collection,
compilation, economic forecasting, analysis, planning and decision support.
Appropriate access to data has beconle an important prerequisite for economic
analysis, planning, follow-up and decision making in government, business firms and by
individuals. At the same time, a dominant part of data generation appears to be
concentrated in certain economic processes and fields, while many other activities are only
in part covered by direct measurements or indirect estimates. For example, the Gross
Domestic Product (GDP) is measured to the last million or fraction of percentage change
in most countries, while economic activities in the informal or grey sector are hardly
known at all, especially not their possible changes over time, Barthelemy (1988).
This thesis addresses interaction between data generation and the use of statistical
data in economic modelling, analysis, planning and decision nlaking. Many government
bodies need and use statistical data on a more or less regular basis to carry out their
duties. Modelling and economic analysis also constitute integral parts of the management
and control functions in the business sector. Taken together, such functions are often
labeled performance management. The available formats and quality of data are
sometimes questioned by users. However, the users often merely accept whatever is
supplied without any further consideration of qualitative aspects, resulting in poor direct
feedback to the producer.
In addition to these directly operational and often regularly repeated applications,
statistical data are also used in education and more genuine research contexts and
institutions.
The focus of the study is on actual deficiencies compared to the required quality
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of data, and effects of varying data quality in operational use of statistics. The scope in
this respect is limited to the application of model based procedures. We consider what
statistical information that is needed in specific problem situations, what is available, the
actual quality of the offered sets of data and how to interpret results based on data of
varying quality. The point of reference is the situation in Sweden. However, much of the
analysis should be relevant for other nations and economies as well. In a recent article,
Economist (1991), it was proposed that the Swedish statistical system represents one of
the best examples of a national statistics supplier in the OECD-region. Provided this is
actually the case, deficiencies in accuracy observed for Swedish economic series should
be a warning also for users of statistics from and in other countries.

1.1

Background

Production of statistical data is fairly centralized in Sweden. According to its mandate,
Statistics Sweden (SCB) has the overall task of supplying statistical data as demanded by
the Swedish government and the society at large, SFS (1988). It also has a coordinating
responsibility for statistical data generation, compilation, and dissemination within the
central government sector. A large number of regulations and statutes control the
cooperation between individual data suppliers and SCB, DIR (1987). However, far from
all data on economic processes are actually and in full generated by SCB. Other
governmental and private institutions are also actively involved in creating and compiling
statistical data. The wealth of economic data is the result of cooperation among a large
number of bodies. Still, SCB has the dominant role when it comes to the publication of
'official' statistics. Aspects like periodicity, numerical precision, degree of detail, etc, in
the disseminated data are to a large extent determined by SCB. In an abstract sense,
consensus on these qualitative dimensions is a result of continuous interaction with users.
A large proportion of the regular delivery of Swedish statistical information to
international organizations is also handled by SCB.
A review of the present legislation governing the Swedish central government
statistics has recently been carried out, SOU (1990), and a new statistics act proposed. In
doing this, a number of old regulations have been simplified and harmonized, and the
entire network of contacts made more consistent. Another government commission is
currently engaged in a study of possible future organization, financing and coordination
of Swedish official statistics, DIR (1990).
Most of the data prepared by SCB are financed by government grants. SCB, like
the majority of Swedish government agencies request money fronl the central government
once a year. In addition to this short-term annual budget, a three-year planning and
budget cycle was introduced in 1987 in order to allow for better coordination and
utilization of resources over time. SCB also acts as a service bureau for the government
and the private sector in statistical data collection, presentation, analysis and professional
consultation. This function amounts to about 25 per cent of the entire SCB budget, Skak-
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Nielsen (1988), and is increasing. In conclusion, SCB may thus be seen as, or at least aims
at being seen as, a national clearing-house for statistical data.
Even though the quantity of data published on a regular basis is impressive, there
is much criticism of the lack of good statistics available for model-based analysis and
planning for example. One example of an argument for better economic statistics is given
in an editorial by Ekonomisk Debatt (1989). Another example is given by the present
discussion concerning productivity in industry, as well as in the society at large. Highly
diverging results are obtained for the productivity development depending on which series
are utilized. Such criticism and documented lack of needed information in consistent
forms has been an important impetus for the present study. Work on a small model of
the Swedish foreign sector, Brannas & Ekl6f (1980), and especially modelling the balance
of payments relations, was an eye-opener for the author in this respect. In connection
with contacts with researchers and planners at different institutions, as well as at central
government and in industry, it was observed that the interaction between their needs for
data and the data generation process was experienced as intricate, and sometimes even
as a major problem.
When data collection is centralized in society, while utilization is scattered, a good
system for communicating data needs is crucial. There are many exan1ples of inefficient
communication channels between those who demand statistical data and the national
suppliers. Different mechanisms for allocating resources to data production activities have
been suggested and are also employed in practice. However, the question of how more
general data needs and manifested demands should be met is continuously open to
discussion. A government comn1ission discussed this topic in the beginning of the 1980s,
based on a comprehensive survey of statistics users, Statistikutredningen, SOU (1983).
The call for comprehensive analyses of actual data needs is not unique for Sweden,
but is a universal phenomenon. International experiences are given in Duncan (1978), and
in Morton and Myers (1984), for example.
Generally speaking, it is hardly meaningful, or even possible, to distinguish data
produced as a basis for economic analysis and planning from data compiled for other
purposes. Similar sets of data are used for a variety of purposes. Statistics production on
the national level has to be conducted from a multi-purpose perspective. It is, however,
common to make a distinction between data for instrumental use and data for general
information, even though there is no strict boundary between the two. Here, we
concentrate on what may be labelled more instrumental or operational use of data.
In some instances, statistical information plays a highly operational role in
maintaining economic systems. Many contracts and formal agreements in society refer to
price and cost indices for setting escalation factors. It is then crucial to base the
measurement process, by which the referred index series is obtained, on appropriate
definitions, and on proper scientific methods, Norwood (1990). In other instances
quantitative data playa less direct but still crucial role. This is the case in most economic
planning and decision support activities based on formal, model-based, techniques.
Economic analysis, planning and decision n1aking activities are far from well
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defined and homogeneous in character. These concepts mean different things in different
contexts and imply different activities for different organizations and individuals. In order
to be able to consider the research issues sketched here we thus have to base the analysis
on a more operational definition of the process under study.
The ultimate value of economic planning and decision support in general is a
question which lies outside the scope of this study. Here, we will limit ourselves to some
specific issues in the use of statistical data in formal (model-based) analysis and decision
making. The empirical illustrations in the study will focus on what is often called regular
macro-economic policy planning. With this concept we mean a planning activity covering
an entire nation, and repeated at regular intervals. Such activities are institutionalized in
most countries, irrespective of the prevailing economic system
Concurrently to their expansion in practice, planning activities are being extensively
criticized. The concept 'planning crisis' is widely spread and documented, and it refers to
the lack of tangible results of actual planning activities. It is argued that almost all
interesting predictions fail to conle true, and that plans are more of a burden than a help
in efficient economic policy-making. Many sophisticated models and techniques are
criticized for being stumbling blocks rather than bases for fruitful discussions about the
future. A distinction is sometimes made between (rigid) planning on the one hand, and
flexibility and adaptability on the other. This discussion focuses in particular on national
and macro economic planning, while planning by individual economic agents is less
questioned. It is often argued that the process of planning can offer important insights
and valuable flexibility, while the adoption of a plan can be experienced as negative and
bureaucratic.
Another way of addressing these issues is offered by the recent literature on
Performance Management, Sink and Tuttle (1990). The overall formulation of problems
and approaches appears similar to the one discussed in standard planning literature
published during the 1960s and 1970s. However, the emphasis here is more on resource
allocation, monitoring and evaluation of the system under study as well as the links with
the environment, while less stress is given to the drafting of formal planning documents.
In general, economic planning and decision making is decentralized in Sweden.
The institutional arrangements ensure that different macro econonlic policy instruments
are controlled by different bodies and institutions. There is no single institution controlling
all, or even most of the instruments at hand, even though central fiscal and other
legislative measures have to pass through the Parliament. A large number of decisions,
taken at various levels of society, directly or indirectly influence the performance of the
national economy.
At the same time the Swedish economy is extremely open. As more than 25 per
cent of the GDP is traded internationally, the economy becomes very sensitive to foreign
influences and disturbances. Policy-makers on all levels have to follow closely the
econonlic tendencies and prospects abroad. The former cOlllprehensive legislation
determining conditions for domestic as well as international financial operations has also
been successively lifted, allowing for more direct interaction with foreign markets.
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A number of macro-econometric models of the Swedish economy have been
developed. Most existing models originate from efforts within universities and other
research organizations. Some model systems have been constituted and used by Swedish
or foreign commercial consulting companies, while a few have been directly developed
for policy planning within the public sector. A short survey of some macro models of the
Swedish economy is given in Eklof & Lundberg (1981). A few, but not many, new models
have been developed during the 1980s, Bergstrom (1990).
Only a small proportion of all economic planning and analysis is based on explicit
econometric models. Many plans and regularly used planning tools rely on more or less
intuitive models of relationships and system interaction. Doubtless, these play an
important role in economic policy-making. They are, however, difficult to analyze and
scrutinize in a more formal way also from the point of view of data quality. Thus, the
present work is limited to an evaluation of some effects based on a model-based
framework. It is, however, assumed that observations from such an exercise may also shed
some light on effects of using data with varying quality in more qualitative situations.

1.2

Problem Formulation and Overall Approach

The purpose of this thesis is twofold as indicated by its title. Firstly, the quality of
economic data is considered. Secondly, some effects of using deficient data in economic
analysis and planning are studied. The research falls within the field of applied statistical
analysis. We thus study some aspects related to the design and operation of the decision
support system.
Scientific theories are dynamic in the sense that they develop and change
continuously, though at different speed in different fields. In the area of applied economic
policy the interaction between economic theories, the use of causal models, and utilization
of empirical sample data is of crucial importance. On the one hand, existing theories and
models constitute limits for efficient analysis. On the other hand, the limited availability
of data causes bottlenecks in all analysis and planning. Thirdly, causal relationships tend
to change over time, calling for a continuous monitoring of systen1 interaction in order
to adapt existing theories and update data collection schemes.
For a field with a unified and well-established theory, there might be few serious
problems in defining the needs for, and obtaining, appropriate statistical data. The data
generation process and dissemination structure can be expected to have stabilized and
matured. However, for most economic systen1s this is far from the case. Alternative
theories coexist. Hypotheses on causal relationships, and determination of effects are
changing rapidly. Available data are in many instances scattered and uneven in quality,
especially when time-series covering more than just a few observations are required. This
in turn creates problems for all model building and empirical analysis.
Inaccurate data is just one source of error in economic analysis and planning.
Model errors, in the specification as well as the estimation stage, are traditionally
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considered in standard texts, while errors due to inaccurate input data often are less
systematically covered.
The problems stated so far are general and wide-ranging in character. Here, the
analysis is limited to a few specific questions in the overall process to constitute and
utilize decision support tools for economic analysis and planning. The following four
hypotheses are specifically considered in sequence:
- Fundamental inaccuracy is prevalent in central economic time series.
- Such inaccuracies have effects when data are used in econometric n10delling.
- Inaccuracies and errors in data have effects when models are used for economic
analysis and planning.
- It is possible to specify a criterion for deciding the cost/effective quality of data
to be produced as input for economic policy analysis.
The first hypothesis refers directly to empirical conditions. This issue is to be
analyzed by means of numerical calculations. However, before any comparative measures
may be produced, the concept of inaccuracies has to be further specified and a standard
of comparison defined.
A number of different approaches may be identified to analyze the second and
third hypotheses. A first alternative would be to study the questions analytically, that is
to derive mathematical solutions based on a pre-defined framework. Such a framework
may be either general in scope covering a broad line of different situations, or more
restricted in character. A second alternative for analysis would be to base the study on
a theoretical model which may be estimated from genuine data in a first step. Then, in
a second step alternative sets of data may be specified and effects of using these
variations derived. A third analysis alternative would be to base the study on an empirical
model already used for policy studies and planning purposes, and carry out tests with data
of different quality, either in the form of actual or simulated series. A fourth alternative,
finally, would be to devise an econometric model specifically for the study at hand and
use this for empirically testing effects of data of varying quality.
All these alternative approaches have advantages and disadvantages. If analytical
results are aimed at, fairly restrictive assumptions would have to be specified in order to
arrive at useful conclusions. Most results available in this area apply to steady state
situations only. These are assumed less realistic for the present study and thus not
considered any further. A number of more or less suitable 'text-book' models may be
considered if the second approach is followed. However, also in this case the realism of
possible results may be questioned as most standard models are sectoral in character, only
covering a few specific aspects of the economy. As specified above, we are interested in
the overall effects from variations in data quality for central economic variables, and not
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Dlerely for any specific situation. The third approach was initially chosen to be followed.
The problem in this context, however, was to find a suitable model actually used and
described in reasonable detail to be utilized in the present research. The Dlodel to be
used also has to be simple enough to serve our purpose as a standard of comparison. This
latter criterion was not fulfilled by any of the model alternatives which were initially
considered. Thus, the last approach was employed. This means that a small macroeconometric model of the Swedish economy has been devised as a background for the
current research.
The last hypothesis leads to a study of possible criteria for cost/benefit valuations.
This means that an analytical approach is to be taken. In order to illustrate and evaluate
the potential of employing such a criterion empirical illustrations Dlay be included.
The first hypothesis above, referring to kinds and magnitudes of errors prevalent
in economic data, is thus considered mainly by means of an empirical study of recorded
data. Comparisons between different realizations of the same variables constitute the
main tool for this purpose. As a prerequisite for the accuracy determination study, the
data generation process, including costs of production and quality specifications, is
considered in some detail. This is found necessary in order to acquire a nlore general
understanding of possibilities and limitations to vary and control the quality of data from
the producer or supply side.
In order to consider the second and third hypothesis, a specification of a
framework for the Dlodelling and planning process is required. There is no such
framework which is universally agreed on, as mentioned above. Thus, for the study of
data quality aspects in economic analysis, planning and decision making, an operational
framework is to be specified.
The second hypothesis, referring to the sensitivity of econometric lllodelling to
inaccurate (deficient) data is primarily approached by means of estimating an empirical
model of the Swedish economy on alternative sets of data. For this purpose, a small
Macro Model of the Swedish economy has been devised as part of the project. In order
to illustrate effects of errors in data, parts of the model are estimated based on actual
data of varying quality as observed during the first phase of the study.
The third hypothesis, referring to effects in terms of decision options resulting from
the modelling based on partially inaccurate data is considered by employing results from
the model tests in phase two on a few pre-specified planning situations. In order to
specify this, some aspects relating to analysis and planning situations are elaborated. An
optimal control approach is employed to arrive at a criterion for comparison of
alternative policy strategies.
The last hypothesis, referring to costs and benefits of changing the quality of
statistical data for economic analysis and planning, is considered analytically. A criterion
for determination of a cost efficient resource allocation in the data generation process is
devised. This is based on the conceptual framework specified.
The specific questions to be analyzed have not been chosen on purely theoretical
grounds, nor by any ranking of importance. Instead, they are deduced from practical
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experience, and on the fact that they are rarely covered in standard texts. Issues related
to actual data quality are often discussed in a merely rudimentary way also in more
genuine research projects. In my day-to-day work, I have found that the exclusion of some
of these practical factors nlay lead to questionable results and proposals, and put the
decision-maker in a difficult position.
As indicated above, the first three issues are primarily studied empirically. Some
earlier studies are commented, and in a few instances analytical results found to be
relevant for the present research are briefly referred to. The primary tool of study
enlployed is numerical simulation. This technique is relied on becau,se more general,
analytical, results are only rarely available for the problems under study. Small sample
solutions are far from straightforward to derive, and generally outside the scope of the
present study. At the same time, it has to be observed that the simulation approach limits
the scope for drawing inference from the obtained results.

1.3

Outline of the Thesis

The thesis is divided into two broad parts. The first part focuses on data production,
classification of data quality in specific applications and on actual errors in central
economic time series. In the second part, effects of observed data errors in the model
estimation stage and in the use of models for planning are considered. Further, costs and
benefits of varying the data quality are considered. The main findings are reported and
the study commented in the summary section of the thesis. Observations from part I are
directly used in Part II, and successive results used to illustrate the concluding cost/benefit
approach introduced.
Part one is divided into five chapters. Special interest is given to the specification
of actual data quality from the users' point of view. This part is to a major extent based
on work done by the author for SCB. An understanding of the data production process,
and knowledge about the actual data quality, are found crucial for an analysis of the
effects of possible deficiencies when statistics is used.
Chapter 2 is devoted to various steps in the generation of statistical information,
including cost aspects. This constitutes a platform for the central part of the thesis.
In Chapter 3, an overall discussion of data quality is presented. A main distinction
is made between relevance and accuracy (errors in data) aspects.
Chapter 4 includes a more detailed review of errors in data. A model for analysis
of various components is presented. Further, different adjustment procedures for
primarily obtained observations and series are considered.
In Chapter 5, numerical results of three empirical studies on inaccuracies in central
economic time-series are reported. The purpose of these studies is to throw some light
on actual levels of error. However, errors for composite variables like GDP and various
national accounts aggregates are difficult to quantify and detect in practice. Here, a few
indicative nleasures are introduced. In the first study, revision patterns of 7 Swedish
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national accounts variables recorded quarterly for a five year period during the 1970s and
five years during the 1980s are studied. In the second study, a parallel analysis of three
international economic variables studied for a five year period during the 1980s is
reported. Finally, the third study is based on a comparison of the numerical values for six
Swedish economic variables in three different databases recorded quarterly for a 16 year
period. Part I is concluded with a summary of main findings and observations (Chapter
6).
The focus in Part two is on effects of inaccurate data in modelling as well as
analysis and planning based on models including erroneous data. This part is divided into
six chapters.
In Chapter 7 some effects of inaccurate data in the paranleter estimation stage are
considered. A few standard analytical results are initially referred to. These apply to the
situation with one or more independent variables measured with error for the entire
estimation period. Our case, however, is more specific, characterized by a combination
of exact and inaccurate values in some of the regressors. To illustrate effects in this
situation a sinlulation study has been carried out. Deviations between alternative
realizations of the variables observed in part I are used.
In Chapter 8, effects of inaccurate data when testing for possible structural change
are considered. The situation anticipated here is that an econometric model is reestimated and updated to include data for the most recent periods. These recent
observations are, though, preliminary in character as no definitive values have yet been
released. This means that data of varying quality are pooled in some of the series. The
situation is found rather common in practice. Under such conditions, testing for possible
structural change is conducted. Nunlerical simulations are carried out based on two
relations of the devised Macro Model and actually observed revision patterns for some
of the explanatory variables.
Chapter 9 and 10 include a study of effects of inaccurate data in a planning
context. The work is based on an optimal control approach. This technique is used in
order to arrive at a one-dimensional criterion for analyzing composite effects of various
errors in data. We do not assume that the chosen framework reflects economic planning
as such. It is, however, proposed that the tool may be used in a number of real world
situations, where statistical data are utilized for analysis and decision support. A sketch
of a modelling and policy analysis/planning process is introduced in Appendix 1. This
constitutes the basis for the sensitivity tests of effects of inaccurate data in planning
reported in Chapter 10. Baseline calculations for these sensitivity studies are presented
in Chapter 9. In order to analyze some effects of varying data quality in the decision
making process, a small econometric model of the Swedish economy is developed. This
is briefly outlined in Appendix 2. The empirical studies are based on the use of (part of)
this model.
Chapter 11 includes a discussion of a theoretical model for Cost/Benefit Analysis
(CBA) of the optimal resource allocation for production of data of varying quality. The
tentatively introduced criterion is illustrated and employed by using numerical results from

12
both Part I and the initial chapters of Part II.
Also Part II is concluded with a summary of main findings and observations,
(Chapter 12).
The thesis is concluded with a summary section. Conclusions of the s~udy and
comments referring to some results are presented. In addition, a discussion of the
techniques employed, as well as some indicative proposals for further research is included.
The theoretical model for policy analysis outlined in Appendix 1 is included for the
purpose of developing a framework for the analysis of the interaction between policy
planning and statistical data. It is not unique or genuine in any respect, but rather
included in order to offer a pre-defined planning context to be applied in central parts
of the thesis. Economic planning is, as indicated above, far from well-defined. The
introduced sketch constitutes one way of specifying the planning process. It is based on
a systems analysis and performance management approach. Starting from a model of the
decision making process, we characterize the activities by specifying steps typically
included in such a process. A broad definition of planning is employed, covering all
activities from the identification of the subject matter problems to the suggestion of a
solution. Individual analysis and evaluation steps can be seen as modules of this nlore
general framework. To a certain extent, the methodology and terminology of control
theory is used, because it offers a convenient tool for approaching the issues we focus on.
We do not, however, propose that the optimal control framework reflects actual analysis
or planning procedures per see
Appendix 2 includes a presentation of a small Macro Model of the Swedish
economy. This Macro Model constitutes a small size interdependent causal system of the
Swedish economy. The monetary sector is assumed external in the model. The model has
been developed in cooperation with Lars Lundberg at the University of Umea. A first
version was published in a separate research report, (Ekl6f & Lundberg, 1981), and is
also briefly presented in Ekl6f (1989). This thesis merely includes a sunlmary of the
nlodelling exercises and the model originally estinlated. An updated version of the model
is presented in a separate chapter. This is prepared in order to offer an estimated system
based on more up-to-date empirical data, also taking into account possible structural
changes during the last decade. The two estimated versions of the Macro Model are
compared, and used in parallel in the latter parts of the study to illustrate effects of
possible changes over time.
The structure of the Macro Model is based mainly on traditional economic theory.
The role of sample data has primarily been limited to the estimation of coefficients, and
to some extent to the identification of the dynamic structure of the relationships.
Reference is also given in the following to the work on a Foreign Sector Model, reported
in Brannas & Ekl6f (1980), and in my licentiate thesis, Ekl6f (1989).
Each part begins with a brief sketch where the topic to be covered is introduced,
and a broad outline of the coverage including its relation to the main theme of the study
is given.
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PART ONE

DATA CREATION AND
DATA QUALITY
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In this first part of the thesis we consider production, dissemination and availability of
statistical information. This means that we focus on the overall data creation process. In
particular, we study qualitative aspects of presented data series in relation to pre-defined
uses. The purpose here is to offer a platform for considering possibilities and limitations
in the function to supply data of varying quality. Costs and timeliness considerations are
of special concern in this context. The findings from Part I are then directly used as input
to Part II of the thesis.
We assume the position of a (qualified) user of statistical information to carry out
economic analysis and planning on the nlacro-economic level. The definition of data
quality is related to this specific user and his actual application (this user situation).
In Chapter 2, a description of the data creation process is given. Sources of
primary data, and relationships between various actors in this process as well as their
roles are considered. Costs of statistics production, and in particular trends in costs and
availability are indicated. The discussion is especially related to generation of aggregated
or composite statistics like GDP and other national accounts quantities.
Chapter 3 offers an introduction to the qualitative aspects of produced statistics.
Quality is here interpreted in a broad sense referring to any deviations between what is
requested by the users and what is available in the form of actual figures. A first
distinction is made between the relevance and accuracy domain. In addition, availability
aspects are considered as one specific quality domain. Relevance refers to the question
'do we get the kind of quantities we are looking for', while accuracy refers to the
reliability we can attach to an actual estimate or set of estimates. Availability refers to
forms of access and dissemination of statistics, as well as accompanying descriptions and
additional services offered by the producer. The analytical reasoning is illustrated with
some results from recent quality surveys carried out at Statistics Sweden.
In Chapter 4, the second domain of the data quality panoranla, that is accuracy
or data errors, is further considered. Based on a generalized framework, a model for
empirical analysis of various error components specifically related to the situation under
study is devised. A separate section is devoted to adjustnlent procedures employed on
basic data before their release and actual use.
The producer and the user of statistics is rarely the same individual or
organization. Instead, a large part of the available data are produced by specialized and
centralized statistics organizations. Data are made available for a nlultitude of different
uses and users with varying needs, qualifications and resources to validate offered figures.
Ideally, ample clarification in the form of descriptions of introduced definitions and
employed procedures, measures including statistical precision of data and comments on
applicability of data for various uses should accompany any statistics publication. Such
information (oleta-data) may serve as a communication link from the producer to the
users in order to guide in the utilization of supplied data. However, explanatory
information is not always provided in such forms and detail as olay be required in order
to offer the users a chance to consider the usefulness of a specific set of data for the
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problem at hand. Instead, users may take whatever sets of data are available as given
facts and use them for their respective purposes without much consideration of qualitative
aspects. This observation is one reason for the inclusion of Chapter 3, where the concept
of "total" or extended quality of statistics is defined.
Chapter 2 - 4 aim to provide an understanding of the various steps involved in the
process of transforming a subject matter problem to data collection requirements and
eventually statistical data of specific quality. They also provide a background for the
empirical study of errors in statistical data presented in Chapter 5.
The purpose of Chapter 5 is to empirically consider possible occurrence of
inaccurate and/or inconsistent data for central economic variables. This chapter thus
directly focusses on a test of the first research hypothesis (see Section 1.2, page 8).
Generally speaking, error measures are difficult to devise for composite statistics. One
indication of errors is, though, offered by considering patterns of revisions and corrections
observed for many economic series. In a separate study, the pattern of data revisions from
preliminary to definitive estimates are analyzed for some Swedish national accounts
variables, as well as for a few international variables (that is variables covering more than
one country). These empirically observed levels of variability are further used in the
analysis of possible effects of varying data quality presented in Part II. Chapter 5 is
concluded by a comparison of numerical values recorded for a few central Swedish
economic variables in three different computerized databases. This constitutes a further
illustration of possible deficiencies in data seen from the perspective of the users.
Part I is ended by a summary of main findings and observations in Chapter 6.
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2.

CREATION AND USE OF STATISTICAL DATA

Data requirements vary greatly in different analysis situations, planning endeavors and
decision alternatives. The specific needs depend on the formulation of the planning
problem and the hypotheses to be considered, as well as on the techniques used to obtain
numerical, statistical data.
Here we give a basic description of common data production and utilization
processes. We focus on large scale data production, and the use of data for instrumental
purposes. Thus, we seek to develop a background for analyzing the need and value of
data of appropriate quality and format at the right time and place for economic analysis
and decision support.
The traditional, centralized, data creation process is briefly introduced. A
distinction is made between multi-purpose data production (factory orientation) on the
one hand, and specific demand controlled creation on the other. Possible trends in
availability and costs are especially considered. The concept data creation is here used in
a broad sense, covering the entire transformation process from a theoretical variable to
the design and implementation of a data collection system. Our presentation refers
particularly to Sweden, and to some international variables based partly on Swedish data.
However, the general outline and main conclusions apply to many industrialized countries,
see the Economist (1991).
Quantitative data are generated in all sectors of society. The amount of statistical
data available is rapidly increasing in most countries. Data are created and made available
for a number of different purposes, such as description, education and research, general
information, administration, analysis, planning and follow-up, decision-making, regulation
and evaluation. The use of general statistical data is particularly pronounced in
government. There is a large quantity of literature on the use of statistical data in
government, (for example Scherer, 1980, Gonzalez, 1980, and Norwood, 1990). At the
same time it has to be appreciated that published data sets are often created for a
multitude of purposes, or at least put to more than one use.
There is a central statistical office in almost every country, developed as well as
developing. The role and competence of the statistical office varies from nation to nation.
In some countries it has a central role in the production, dissemination, and interpretation
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of statistical data, while in others these processes are largely decentralized or divided up
among a number of institutions. The authority to coordinate these efforts and to define
concepts and classification systems also vary among the countries. In Sweden, Statistics
Sweden (SCB) has a central role in the entire data production process, SFS (1988), even
though other government agencies are responsible for the collection, compilation, and
dissemination of various statistical data sets.
The creation of statistical data can be seen as a process of successive refinements,
from the gathering of crude figures to the compilation of information adapted to specific
purposes or problem areas. This process is briefly discussed in Section 2.1, while Section
2.2 includes a discussion of the actors involved in this process and their roles in arriving
at consistent figures also for composite variables and complex phenomena. The situation
is illustrated by a number of common international standards and classification systems
developed in order to harnlonize statistical production. A few definitions and measures
in practical use are further considered in the following section. Many of the variables used
in the Macro Model presented in Appendix 2 are composite in character, and created
through a process similar to the one illustrated in Section 2.3 of this chapter. Various
categories of costs for the production of statistical data are briefly considered in Section
2.4. From this description of present practices sonle ideas and anticipations of future
trends are given in Section 2.5.

2.1

The Data Creation Process

Assume a well-defined theoretical variable, Y, which can be specified in relation to an
economic theorem or hypothesis. The data creation problem is to find an accurate
measure, y, of this theoretical variable or phenonlenon, and produce an estimate
(numerical value), y. In economic modelling one is often interested not merely in a single
observation of Y, but rather in the development of Y over time. Thus, the problem may
be reformulated as generation of a time series Y1' representing Y t , where t runs from the
first period of interest to the last or most recent period. The concept data creation
process is used for the entire exercise outlined above, while data production is used for
the (sub-)process to generate numerical data, estimates Yt, given a predefined operational
definition of the measure Ye
The transformation from Yt via Yt to Yt may be broken down into a number of
stages. One way of describing this sequence from the modeler's point of view is illustrated
by the flow-chart developed in Figure 2.1.
Historically, most data creation activities have probably stemmed from a process
similar to the one sketched below, that is from a well-specified need for a particular set
of information. However, it may be argued that many of the regular statistical reporting
systems have lost the direct connections with the original users of their data. The rapid
growth in the volume of available data during the 1950s and 1960s was fueled by a desire
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for more general and comprehensive descriptions, that is a multi-purpose approach to
production of data was employed. Since then, data production has increasingly been taken
over by centralized and specialized agencies. The objective has been to generate statistical
observations and time series covering a wide range of phenomena in society, potentially
useful for various purposes.

Figure 2.1
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The objective to create comprehensive and consistent descriptions of the world
(data shadows of real world phenomena) is pronounced in many situations. An individual
estimate or a single data series only rarely constitutes an appropriate foundation for this
purpose. Instead, sets of data have to be integrated and combined into models. The
System of National Accounts (SNA) adopted by the United Nations can be seen as an
outstanding illustration of this. A nurnber of attempts hav~ also been made to draft a
similar conceptual framework for social and demographic systems. One example is the
work on a SSDS (System for Socio-Demographic Statistics) conducted by the Nordic
statistical community during the latter half of the 1970s, Nordisk Statistisk Sekretariat
(1979). These endeavors have not however, been successful or even found feasible. The
work undertaken by the World Bank, the African Development Bank and UNDP under
the SDA (Social Dimensions of Adjustment) Programme for developing countries on the
Mrican continent may be seen as a current example to construct a composite framework
for coherent data creation and utilization, World Bank (1990a, 1990b).
Even though the actual production process varies from one variable to another,
a number of common (conceptual) stages can be identified. In Figure 2.2, concepts
defined in parallel with the standard survey terminology, Dalenius (1974), are utilized.

Figure 2.2
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A distinction is made here between observation and measurement. This is done
to distinguish errors due to inaccurate observation from those due to deficiencies in the
measurement process. Observation precedes measurement and is a pre-requisite for the
latter. Observations can be either direct or indirect. Almost all statistical data are
generated through indirect observations, for example by means of survey questionnaires,
interviews, data extraction from administrative files l , etc. Given a target population from
which we want to obtain information, a franle to draw observations from has to be
defined. Errors in the observation process may be a consequence of discrepancies
between the target population and the frame, possible selection of a sample of
observations instead of all units, and non-response from some of the actually selected
units.
The process of deciding what to observe and measure for statistical purposes is
regulated by the way the world is seen, that is, primarily by our theories, or more
precisely, by our perception of prevalent theories. (As an infinite number of observations
and measurements may be obtained from the economic processes, selective and
discriminatory filters are defined). Measurement is defined as the activity to extract
responses on pre-specified questions. The results of the observation and measurement
process are data. To be suitable for use, the data have to be conlpiled and structured,
that is, transformed to statistics as indicated in Figure 2.2. Using this terminology,
statistics is the output of the data production process, that is structured and published
data. In the process, a large number of decisions have to be made. These influence, and
even control, the content as well as the form of the published statistical data. Which
phenomena should be observed, how should they be measured, in what ways should a
single datum be COTIlputed or compiled, and how should the data points be aggregated
into statistical measures, tabulated and published? In all these steps, value judgements are
required. In principle, these can be based on either a production-oriented or a useroriented perspective. The two views may overlap, but need not do so. From the
production perspective, issues such as robustness and stability towards a multitude of
applications are crucial, while for a specific user, precision and discrimination power
might be more important.
The concept information is here seen from the user's perspective, and refers to
the interaction of statistics and problems (or theories). In our terminology, information
is thus sought for problem-solving. It can be seen as, a message received by the user. This
means that statistics may be one information source among many. The above definition
differs slightly from the conventional use in statistical (survey) literature. In many
instances, it is comnl0n to use 'statistics' and 'information' more or less synonymously, see

1 Many respondents contacted in the process to produce economic statistics are
suppliers as well as users of such data. However, even if the same organizations both
supply and require economic quantities, these two functions are often handled by different
units or individuals on the establishment level.
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Morgenstern (1963). Our use of the term information is closely related to the entropy
concept. With infornlative content we mean the 'surprise value' of the data for a specific
problem. This comes close to the way the concept is conlmonly considered in information
theory, see for example, Mathai and Rathie (1975), and it is parallel to the use of the
concept in Fellegi (1988).
The pure production-oriented philosophy has been discussed and criticized by
various authors, see Dunn, (1974). Aspects such as objectivity, completeness, and
representativeness of data become important when the produced statistics are interpreted.
In this thesis we are not considering the overall role of statistics in society, but focus on
its role as one tool in economic analysis, planning and decision making. In the following
discussion, the scope is consequently limited to well-defined and comparatively straightforward applications.
During the last few years, the interest has focused once again on the interaction
between data generation and decision making. Many of the time series regularly produced
and published by public agencies are now questioned. This trend is not only a function
of austere budgets and increasing problems to measure certain quantities, but also a result
of a renewed interest in the demand or consumption side of statistics.
The production-oriented and the demand-oriented perspectives may be combined
as in Figure 2.3. This figure represents the two different approaches mentioned above for
data creation processes. The production perspective may be characterized as a build-up
process, while the usage perspective is mainly a successive break-down process.
A number of issues in relation to problems with basic data were discussed in
Brannas & Ekl6f (1980), and in Ekl6f & Lundberg (1981) where the Macro Model was
introduced. The process to proceed from a theoretical variable to an empirical indicator2
is considered for a few of the utilized variables in Appendix 2. For further details
reference is given to Ekl6f & Lundberg (1981).
Quantities such as GDP, private consumption and investments are especially
integrated in character, and call for compilation of many primary variables. An example
of this character is given in Section 2.3, and illustrated in more detail in SCB (1991b).

2 Here we have used the concept Data Creation Process. Sometimes the concept Data
Generation Process (DGP) is used for more or less the similar activity. In for example
Brannas, Wang, Zackrisson (1991) the DGP-concept is defined in just a slightly different
way as Data Creation is done use.
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Figure 2.3
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Data for economic analysis and decision support are generated by individual companies,
organizations, industry groups, public offices, international agencies, etc. Primary data for
the Macro Model, Appendix 2, are mainly obtained fronl national statistical offices and
international organizations, which have compiled and aggregated observations from
various economic agents. Many of the variables required are composite in character,
being the result of integrated measurenlent and compilation processes. The conceptual
framework on which the Data Creation Process is based has to include:
- Definitions, classification and selection principles for observation units
- Definitions and recording principles of measurement variables
- Principles for compilation of recorded values
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For control of this process, and in particular for coordination between agencies
and companies, standard classification systems are needed, and proper statistical methods
have to be employed. These coordination activities are carried out on national as well as
on international levels. In Sweden, SCB is responsible for the overall coordination of
central government statistics.
All introduced definitions and aggregation systems have to be considered in the
validation of the quality of the finally used variables. A complete list of the original data
series with definitions and sources used in our modelling work is given in Ekl6f (1980b).
In 1990, this database has been updated with figures for the period 1978:1 -- 1988:IV. A
brief summary of definitions and data sources is included in Section 4.1 of Appendix 2.
The United Nations and its specialized agencies, the World Bank, the International
Monetary Fund (IMF), the European Communities (EC) via Eurostat, and the
Organization of Econon1ic Cooperation and Development (GECD) all play important
roles in the creation, compilation and dissemination of international data.
A comprehensive network has been developed for the international coordination
and harmonization of concepts and definitions. Some activities are global, while others
are comn10n to a geographic region or group of countries. For the European countries
the Economic Commission for Europe (ECE) has a responsibility for such coordination.
There is also a statistical cooperation between the Nordic countries, developed during a
long period.
Currently used international classifications in statistics are presented in United
Nations (1990). A total of 62 different classification systems are reported in this paper.
They are divided into four broad categories representing economic classifications,
population housing and health classifications, environment classifications, and what is
called other classifications.
International coordination covers most statistical fields, though it may be especially
pronounced for national accounts, via SNA - the System of National Accounts. Other
central economic fields cover ISIC - International Standard Classification of all Economic
Activities, and in the field of commodity classification, CCCN - Customs Co-operation
Council Nomenclature. Recently, HS - the Harmonized System has been adopted by
many national authorities for the purpose of classifying internationally traded
commodities3 • Foreign trade statistics are traditionally presented in accordance with the
SITC - Standard International Trade Classification, established by the United Nations.
There are also international standards in such areas as medical statistics, ICD International Classification of Diseases, coordinated by WHO; educational statistics,
ISCED - International Standard Classification of Education, established by UNESCO;
labour and employment statistics, ISCO - International Standard Classification of
Occupations, administered by ILO.

3 There is also a current effort to develop a special classification, data collection and
recording system for international trade within the EC-area, INTRASTAT.
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Detailed principles and recommendations for population and household censuses
have similarly been defined by the United Nations. Definition of crucial concepts like
household, residence and econonlic activity are specified in this work. In addition to
coordination on the conceptual level the international guidelines in some cases'also give
advice on data collection practices. This is for example the case for population censuses
and surveys. Most of the internationally recognized standards co-exist in different
revisions. It is thus not enough to know which standard that has been used, but one also
needs to consider which revision of the said standard that is employed.
Many international standards have to be adjusted and modified in order to suit
national conditions. In Sweden, as well as in the other Nordic countries, ISCO, for
example, has been modified and agreed on as NYK - Nordisk Yrkesklassificering. In
Sweden, ISIC is currently applied in the form of SNI - Svensk Naringsgrensindelning4 •
Coordination with the classification activities within the EC is becoming
increasingly important also for Sweden and other EC non-member countries. EC has the
authority to legislate on statistical matters (codified in the form of acquis) to be followed
by all member states.
The conditions for applying internationally recognized definitions differ between
industrialized and developing countries. For any comparison or aggregation of data from
different regions it is important to appreciate the differences in the definitions and
collection procedures actually used.
Centralization versus decentralization of statistics production is a continuous theme
of controversy in Sweden as well as in many other countries. In a decentralized system,
the existence and application of coherent standards are even more important than in
countries characterized by centralized statistics production. In situations where various
actors play their individual roles in different phases of the overall production process,
consistent definitions, data gathering methods and principles, as well as physical collection,
compilation and dissemination systems have to be coordinated in order to safeguard the
quality of data. An illustration of this reasoning is given in the next section.
Another approach to monitoring the performance of a data production system,
centralized or decentralized, is offered in Rytem (1990). There, the focus is on defining
a number of performance criteria for comparing various statistics organizations. Special
importance is given to political interference with the statistics system, the relationship
between the management of the overall statistics services and the political sphere, and
the performance of the statistics agencies in terms of securing resources and specialized
staff.

4 An effort to adopt the standard classification developed by the European
Communities - NACE, rev. 1, is underway also in Sweden. This will result in an exchange
from the 1969 version of SNI to the 1992 version.
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2.3

Compilation of Aggregated Statistics

Many of the variables required for the empirically estimated model of Appendix 2, are
composite in nature, that is the result of an intricate and comprehensive measurement
process involving a number of stages. Observations from a large number of economic
agents are combined and compiled into a final measure. The process to transform micro
level observations to aggregated macro level statistics often involves complicated
definition and algorithmic problems. Such problems are further emphasized when
variables relating to more than one country are considered. The example below, referring
to the compilation anq structuring of a World Price Index, illustrates some of the
complexity often experienced. The situation is similar for many of the variables included
in the Macro Model, for example when international production and trade series are used
to determine the development of the Swedish economy.

An Indicator of the Development of World Prices
The problem considered here is to find a time-series for the world price development to
be used in a Swedish Macro Model, see Appendix 2, Chapter 1. In order to arrive at an
operational variable, a number of definitions and characterizations nlust be introduced,
for example:
-

Which
Which
Which
Which

countries
commodities
measurement points
currency

- Which
- Which
- Which
- Which

time period
reference period
spacing
taxes and duties

Let us assume that our planning problem leads us to the following tentative
definition of the price variable requested.
- All countries
- All internationally
traded commodities
- At the wholesale level
- Expressed in US dollars

- For the time period 1965 - 1988
- With 1985 as base period
- Measured on a quarterly basis
- Exclusive of any taxes or duties

The above formulation nlay appear to point at an exactly specified variable.
However, there are a number of dimensions not explicitly considered in this initially
proposed operational definition. What do we for example mean by all countries? Do we
really have to include all independent nations, or can we merely consider all those
reporting on a regular basis to UN and/or IMF, or can we limit the scope to merely those
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countries included in the regularly published international price statistics? Furthermore,
which commodities should be included in the index calculation from the various
countries? May we confine ourselves to those which are internationally traded by the
respective countries, or should for example all conlmodities included in the international
customs nomenclature on a certain level be considered? Furthermore, what is actually
meant by the price at the wholesale level? For many commodities prices differ depending
on sources of supply and quantities traded. May we here confine ourself to one or a few
selected observation points and consider these as representative of all transactions for the
con1modity in question? Still further, what about rebates, discounts and orders on special
conditions? Again, are we interested in the average price for the quarter, or in the price
at a specific point of time (the beginning or end, for example)? The formulation to base
the calculation on a comparison in US dollars is not quite clear either. It calls for a
transformation of local prices to US currency. But how should this be made? Should we
relate every observation to the current rate of exchange or use a standard conversion rate
for a certain time period? How should we handle parallel exchange rates? How are we
to aggregate the obtained national measures to a global figure for a specific period?
Should we weight each country evenly or in accordance with its international trade basket,
its GDP, its population or some other measure of relative size? There is a substantial
literature on index theory and applications. However, no universally optimal calculation
algorithms are at hand, but formulas have to be by and large usage dependent. Finally,
calculation of averages can even be conducted by different formulas like the arithmetic,
geometric or harmonic mean.
Now, let us turn to the data collection processes to be considered. Data on price
trends are regularly collected in almost all countries, IMF (1986). In fact, prices and
national accounts appear to be the nlost frequently produced sets of economic statistics.
In Sweden, a number of price trend series are compiled. Examples of price
movement indicators are given by the consumer price indices, factor prices, wholesale
prices, export and import price indices. For our specific problem, the export price index
should come rather close to what is sought.
We assume that export transactions are recorded locally on factory/exporter levels.
For large-scale producers individual production units may be responsible for this primary
data registration. Part of the information is submitted to the head-office of the
corporation and conlpiled for, inter alia, book-keeping and planning purposes.
Information on export shipments based on administrative records is reported to the
customs authorities, which aggregate these sets of data in a computerized database from
where in turn information is submitted to Statistics Sweden, as well as to some other
agencies. Data on export volumes and prices are also reported directly to SCB at regular
intervals from a large number of exporters, and subsequently dispatched after compilation
to other agencies like the National Institute of Economic Research (KI). Furthermore,
data are sent to trade boards for various commodities. These boards exchange data with
sister-organizations in a number of other countries as well as with international
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organizations. SCB also submits compiled and aggregated data to such international
agencies as IMF, FAO, OECD, UNSO, UNCTAD and to a number of Swedish domestic
authorities.
In the same way as international agencies get data from Swedish sources, they also
obtain data from other countries. These sets of data are then put together into aggregate
statistical series stored and published in various ways. The situation is illustrated in a
simplified form in Figure 2.4. From these open data sources a number of comnlercial
firms obtain data and compile them in their own bases. Business Systems (BIS), Data
Resources Incorporated (DRI) and Chase Econometrics are examples of corporations
which maintain databases on international prices and trade.
The international price index is thus calculated as a weighted average based on
numerous observations from a large nUlllber of commodities and countries. The
aggregation and weighing of the primary observations can be done in a number of ways,
resulting in different numerical values. In order to seriously assess the precision and
validity of the data presented, one has to consider the entire production process.
Finally, a characteristic common to all price statistics may be touched upon. In
order to compare prices over time it is important to define a standard unit of
measurement. Most commodities change over time in terms of design, function and
format. For example, the commodity named motor vehicle is not constant in quality and
function from one period to the next, but changes over time. Such changes have to be
taken into account when the price development is at focus. Similarly, the frame from
which to draw observations nlay change from one period to another. A current exanlple
of this latter aspect in relation to international trade and price movement is given by the
emergence of new nations, for example in central and eastern Europe.
Indeed, the data flow indicated here may appear complicated and intricate. Yet,
this example is by no means extreme but rather representative of many international sets
of data. For numerous composite variables, integrated measurements like the one above
are involved. Basic data are compiled and transformed on many levels and by many
agents in the chain before the figures become available for more general consumption.
One conclusion from the above discussion is that the description of quality of data
is far from straightforward. The entire production process has to be considered in the
calculation of measures of accuracy and relevance of a certain number or series of
numbers. The production process resulting in national accounts is especially intricate in
this context. Figures from at least 70 of the about 175 statistics products produced at SCB
are directly utilized in this compilation. In addition, more than 10 statistics producers
outside SCB supply the producer of national accounts with input data. The currently
employed network is documented in SCB (1991b), prepared by the author. This flow of
primary figures is further considered in Chapter 5.
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2.4

Costs in Statistics Production

Statistical data production certainly differs from production of more standardized
con1n10dities in a number of ways. Still, costs in the production of regular economic
statistics may be considered in similar ways as costs in traditional production processes.
In the following, some current cost structures for producing statistics are illustrated. The
purpose of this section is to offer certain details about the relative costs of various steps
in the statistics production process. This is of importance for considering the costs
associated with statistical data of different quality. In the next section, some future trends
in relative costs are considered. The discussion primarily refers to the situation at
Statistics Sweden, but similar relationships are also found to hold true for other largescale producers.
Initially, a breakdown can be made in investments and recurrent or running costs.
Both systems development and Staff training and upgrading should be included in the
investment cost component. Furthermore, modifications and adjustments have to be
carried out continuously in all statistics products to attend to changes in the environment
from where the basic data are derived, and to changing production structures within the
statistics office. At Statistics Sweden, the investment costs amount to about 10 per cent
of the tqtal budget for regular statistics production. This figure covers investments in
machinery and new systems as well as staff development, (five per cent of the available
resource time is budgeted for staff training activities, as a standard). The remaining 90
per cent are to be seen as recurrent costs. The costs for running the production system
could in broad terms be broken down into the three major tasks: data capture amounting to 39 per cent during the fiscal year 1989/90; editing and coding - 24 per cent;
and other activities (including compilation, publication, and user contacts) - 37 per cent.
The major component of the recurrent costs, 80 per cent, is staff. The total number of
employees at SCB amounted to 1,650 by end of 1989, including about 200 interviewers
spread throughout the country. During the period 1980 -- 1989, the total manpower has
been reduced by about 10 per cent. A more detailed presentation of cost components and
personnel is given by SCB (1989).
As mentioned above, data collection can be broken down into observation and
n1easuren1ent5• The cost of collection varies significantly depending on the technique
employed. Visit interviews are traditionally the most expensive technique with an average
cost of SEK 390 per observation unit in the data collection stage, in 1989. The average
cost for telephone interviews is recorded as SEK 50 per unit, for mail questionnaires at
SEK 37, while secondary use of (administrative) register data is estimated at merely SEK
0.17 per unit.
The recorded costs for data collection cover expenditure at SCB only. In most data
collection schemes, respondents have to also make some efforts to supply the requested

5

In some cases this is labelled (physical) data capture.
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data to the statistics system. The suppliers of administrative data and other respondents
are not paid for their cooperation and their costs are only rarely quantified and made
public6 •
No specific price list or list of standard costs, relating to the various steps in the
data production process is available, neither at SCB, nor for comparable producers. Some
indications, however, can be obtained from internal material. The figures in Table 2.1 give
some ideas of the relative costs of the different steps needed in a traditional sample
survey. The information in the table is based on cost estimates from a number of sample
surveys conducted to obtain economic statistics. The cost structure relates to the following
hypothetical design: A mail questionnaire is prepared and distributed to a stratified
sample of 10,000 establishments. The survey covers a total of some 100 variables to be
collected through a 4-page schedule. A non-response rate of 15 percent after standard
reminders is assumed, and a sub-sample of the non-responding establishments is
approached in a telephone follow-up exercise. Some additional information is added to
the survey through matching with the Central Enterprise and Establishment Register
(CFAR). Editing, coding and registration require certain manual work. Computer support
is used whenever possible, and the processing is done on a mainframe system. The survey
is assumed to constitute one round of a regular survey exercise. Costs for minor
modifications are included, but no costs for genuine survey development tasks. Standard
tables (including sums, percentages, averages and variances) are prepared, and a plain
statistics report with some commentary text and graphics illustrations is produced and
distributed in 1000 copies. The compiled information is documented in accordance with
standard procedures and eventually stored into an 'easy to access' file for possible
secondary use.
It should be observed that the overall costs and the cost structure may vary
significantly from one survey to the other, depending on the number of questions,
techniques, respondent climate, processing techniques and presentation format. The
purpose of Table 2.1 is merely to illustrate some typical relations between various stages
when a traditional sample survey based on establishment responses is carried out.
Provided all primary data sought may be captured directly from a computerized
administrative register and the costs can certainly be radically reduced in the initial stages
of the survey process.
More insight into the costs of statistics production is expected to be gained as a

6 Estimates of actual time needed to answer statistics questionnaires are prepared for
some individual surveys, for example, the Population Census of 1990, and for certain
Business Surveys. No overall resource figures are, though, published for Sweden. In a
recent paper, Wreede and Goedegebuure (1991), an annual estimate of 470 man-years
required by the business sector in the Netherlands for statistics reporting is presented.
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result of a current special effort at SCB called 'genorrl1ysning'7.

Table 2.1

Relative Cost Structures for Statistics Production
(approximative amounts expressed in thousand SEK)

Step

Total Cost

Per cent

25
20
10
50

3.6
2.9
1.4
7.1

105

15.0

35
Registration of returns
Non-response follow-up
40
Manual coding and editing
175
Data entry
175
Matching of files
10
Computer validation and editing 35
Tabulation
20
Data surveying
490

5.0
5.7
25.0
25.0
1.4
5.0
2.9

Design of questionnaire
Printing of questionnaire
Sample selection
Distribution of questionnaire
Preparation

70.0

Manual and computer supported
checking of results
File storage of compiled data
Report preparation
Printing
Distribution
Dissemination

15
25
25
30
10
lOS

15.0

Total

700

100

2.1

3.6
3.6
4.3
1.4

Source: Discussions with production experts, and working material from SCB

7 The purpose of this activity is to gain further insight concerning the actual
production conditions and possibilities in order to improve the work. All regular statistics
products (about 175) are planned to be covered by 'genomlysning' (fluoroscopy) during
a five year period.
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It can be seen from Table 2.1 that costs for the preparatory steps amount to about
15 per cent, costs for the survey machinery as such to 70 per cent, and for dissemination
to some 15 per cent. In a one-off survey the costs of preparation and presentation usually
amount to a larger percentage, while a frequently repeated survey that can be run without
modification may earn some productivity gain both in the preparation and dissemination
stages. Most of the cost components in the processing part are heavily dependent on the
number of observations (volume dependent), while the costs for preparation and
dissemination primarily depend on other factors. In this illustration, no costs have been
allocated for making the data directly available in the on-line statistical database system
at Statistics Sweden. Provided the conlpiled data are properly stored and documented in
accordance with the common file structure at SCB, the costs for transferring statistics
from a single survey are marginal.
The production of statistics at SCB is organized into 42 different areas or
programs. Statistical data for economic analysis and planning are primarily produced
within the area 'economic policy'. Some of the series used in the Macro Model, Appendix
2, are also to be found under the program headings 'labour market activities', 'salaries',
'industrial policy', 'prices', and 'distribution of economic resources'. In total, these areas
account for 38 per cent of the recurrent production costs at SCB. Economic policy alone
accounts for 15 per cent.
Most of the statistical data included in the econonletric model, used as an
illustration in the present research, are produced and disseminated by SCB. In addition,
a few series from the National Bank of Sweden, IMF and OECD are utilized. The cost
structure for data production in these latter organizations may differ slightly from that of
SCB, because they engage in data production only as one of many support activities, and
not as a major task.

2.5

Trends in Availability and Costs

The concept Management Information System (MIS) was established in the 1950s. It may
be defined as an information system that in addition to providing (all) the necessary
transaction processing for an organization also provides information and support to
analysing statistics for management and decision functions, Davis (1974). The realization
of this idea is a result of the advent of computers. Much disappointment and many
difficulties have attended the launching of the MIS concept in practice. In spite of the
large amounts of money invested in MIS-schemes in many major companies and
organizations, the actual effect on decision-making is widely disputed. The original, fully
integrated approach has been rejected or at least modified by many practitioners, due to
problems of comprehension and control.
At the same time, there has been a rapid growth in the development of very large
databases. This is true both in the public and private sectors. However, planning and
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decision support is nowadays seldom as completely integrated as was sketched in many
system designs a few decades ago. The recent trend is towards an increasing amount of
statistical data being extracted directly from the operational and administrative registers
of companies, organizations, and in government. Separate (computerized) databases, not
directly integrated with systems for operational uses, are being devised for statistical
purposes.
The rapidly decreasing costs of computer hardware has made data creation
cheaper. The economy of scale in data compilation has been significant during the 1970s
and 1980s. However, the current development of powerful desk-top computers and
integrated local area networks at decreasing prices, and the introduction of efficient
software systems offers potentials for productivity improvements also in small scale
statistics compilation. At the same time, the cost profile for statistical data collection by
manual contacts has been very unfavorable. Only limited productivity increases, if any,
have been reported in this field at SCB.
So far, computer support is used only marginally for actual data collection. Tests
with hand-held computers are on the way in Sweden (DATI) as well as abroad, and
computer support in telephone interviewing (CATI) has already been implemented to
some extent. Delivery of prinlary data on diskettes or other computer readable media has
also started. All this is expected to lead to reduced costs for data capture, editing and
coding. Computer support for editing and coding, for example, in the fornl of expert
systems, is becoming increasingly important. Also, advances in the field of statistical
methods offer possibilities to improve data quality at reduced, or at least non-increased
costs.
The response burden has been intensely discussed by representatives of the
business sector, and also by individuals and households. All requests in Sweden for new
or extended data reporting from the business sector must now be approved in advance
by a special board, Foretagens uppgiftsUimnardelegation (FUD). The general public has
become increasingly skeptical and afraid of revealing data for statistical purposes. The
public debate about integrity and control of individuals by means of computer systems was
especially intensive in 1986 (the Metropolit controversy) and the number of non-responses
reached top-levels. Non-response levels have since hardly decreased (SCB 1990b). Nonresponse is not only caused by individuals and establishments refusing to respond, but also
a result of failure to establish contact with selected respondents. This latter reason for
non-response has increased in importance continuously since the early 1980s.
The increasing concern about the privacy and integrity of individuals has at the
same time led to new problems and higher costs in the data collection and compilation
process. It tends to cause duplication of inputs, and forbid observations to be combined
into integrated descriptions, except when specified a priori. Data registration in
computerized systems, and compilation or reuse of primary observations in such systems
are regulated in the Data Act. Issues relating to confidentiality and integrity are
particularly pronounced for data on physical individuals in relation to statistics work. This
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is continuously discussed in government offices as well as by scientists, see for example
Scherer (1980) and Dalenius (1988).
Register n1aintenance is important, both in order to offer efficient and up-to-date
frames for data collection, and as a source of actual collection of primary data. The use
of administrative sources for data capture is expected to increase year by year. At the
same time, deregulation of the economy, structural changes in the business sector
resulting in rapid reorganization of enterprises and industry groups, and more and more
intensive international cooperation (for example European Integration) present new
challenges in this respect. Serious problems in term of, for example, comparability over
time may result from such tendencies.
Specialized, issue-oriented data-capture is very expensive. For time series data, it
may not even be possible to generate historical data ex post. The collection of cross
section data including genuine observations and measurements is costly as well, and often
not within the scope of an individual user. This makes it even more important to generate
basic data in such ways as to permit them to be used for different purposes. Secondary
adjustments and compilations are becoming less and less expensive as a result of
development in improved statistical techniques and more efficient computer support.
Estimation techniques are successively improved, allowing more precise parameter
estimates also for small areas and correction of observed biases, for example due to nonresponse. The development of processing systems is simplified through use of CASE-tools,
and the use of simple packages (spread-sheets etc) offer chances to reduce compilation
errors.
Dissemination in printed forms has become more flexible, speedy and user-friendly
as a result of developments in integrated and computer-assisted publication, desk-toppublishing (DTP). Within the user-friendly and flexible concept of DTP, considerable
possibilities for decentralized and selective data dissemination are offered.
Statistics Sweden, as well as other national statistical agencies, has followed the
trend towards extensive computer support also for data dissemination. SCB has been
running two on-line data bases, TSDB (time series database) and RSDB (regional
statistical database) since the early 1980s. Both of these contain large numbers of sociodemographic and economic variables, and are commercially available. TSDB covers
national and international economic series, while RSDB include socio-demographic data
for counties and municipalities in Sweden. In addition, a third database (DSDB) has been
established, which covers socio-demographic data, disaggregated into small geographic
areas. It is primarily used for community planning. Further, sectoral database systems
have emerged for special user categories and applications. One example of this latter
trend is offered by SSDB (the planning and evaluation database for the social sector).
On-line access to many large-scale databases is provided through standard
terminals. This means that huge amounts of statistical data are easily available for the
professional client from one or a small number of sources. The rapid development of
comprehensive data networks further makes the international transmission of data
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increasingly easy.
The micro-electronics revolution has so far meant that powerful data handling
facilities have directly reached the desks of the planners and decision-makers. Thus, the
need for prior refinements and transfornlations of primary data in the source files is
decreasing. Instead, many of the adjustments can be carried out efficiently by the users
themselves according to their specific needs and problems. Basic data can be obtained
either through access to on-line bases for down-loading or via diskettes and CD-ROM8 •
Calculation and analysis tools are also easily available through standard software
packages.
A considerable number of specialized consulting firms have emerged, which sell
planning and decision-support data, software, and general know-how. Trade in
information and computer services in this area has grown into a major business activity.
The trend illustrated above offers major advantages for professional users
compared to a situation where all series have to be extracted from printed reports.
However, it presents certain problems as well. The fixed costs of computer support and
subscription to a database service may still be considerable for a marginal client. In
addition, the variable costs of on-line access may be significant in many cases. Information
sharing may be profitable, but on the other hand the competitive advantage of unique
information may prove considerable. Thus, the trend is towards new power structures
between individual companies as well as between nations. The distinction between
traditional information and intelligence (inside information) may become obsolete. In the
financial markets, access to crucial data just prior to other agents can increase the
profitability of the venture.
All in all, the average cost of data collection for macro-econometric work is
decreasing as more and more variables are being made readily available to the
professional user. Still, as most series are published in printed volumes, in addition to
being made available in computerized databases, even the marginal client may gain by
this general development.
From the point of view of data quality, a number of crucial aspects should be
observed. As access to statistical nl0delling tools and large volumes of numerical data
becomes commonplace, it is important to document definitions and concepts adequately9.
In many of the widely used databases, good documentation or even appropriate facilities
for documentation are lacking. Furthermore, it is often difficult for the client to get
information on the numerical accuracy of the figures, or of the updating routines for
recent observations. These problems may lead to inconsistencies and risky mixtures when
series are mechanically combined and used for modelling and planning purposes. This
8 For a current survey of available numerical databases and related services in
Scandinavia see, Central Statistical Office of Finland (1991).
9 A tentative structure for the documentation of statistics (meta-data system) is given
in Sundgren (1991).
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latter issue is empirically illustrated in Section 5.2.
In summary, many of the dominant cost components of Table 2.1 are being
reduced. In particular, productivity gains are assumed in the registration and validation
stages. The trend is towards eliminating standard manual data registration and greater
usage of such data collection and data capture methods as bar codes, telecommunication
facilities, scanners etc. One illustration of this trend is offered by the Swedish Population
and Housing Census. The number of hours for nlanual data registration has decreased
to only one tenth during the last 20 years (four rounds of censuses). The amount of
statistical data collected in the census has decreased only slightly during the same time
period. In the estinlation step various model assisted techniques (synthetic estimation,
non-response compensation and raking methods, for example) offer considerable
potentials for improved statistics.
The observations presented above will constitute a basis for the discussion in
Chapter 11 on costs of possible changes in data quality, and costs associated with
improving the timeliness of data.
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3.

QUALITY OF DATA

There is hardly any quantitative lack of statistical data in our society. In spite of this, it
may be questioned whether the most needed data-sets are being produced at the right
instances in time and made available in the most efficient ways. Problems of data
availability are widely experienced and reported as a by-product in many macroeconometric projects. One way of expressing this, related to the terminology already
introduced in Section 2.1, is to say that we are data rich and information poor.
Traditionally, it is assumed that economic variables are measured and recorded
without errors10• In most applied econometrics textbooks only marginal reference, if any,
is given to errors in data. Discussions of measurenlent errors mainly relate to latent
variables. The discussion of permanent income as introduced by Friedman is often given
as the example. An exception to the rather stereotype coverage of errors in data is
offered by the literature on enlpirical economics relating to developing countries in which
data problems are usually recognized and discussed in some detail, for example Yeats
(1990). Data problems are found especially evident and pronounced in developing
economies, but it should be observed that errors in economic variables are prevalent
everywhere, even though their magnitude may differ from one sector or country to
another.
A distinction can be made between different alternatives concerning access to data
in economic planning and analysis, for exanlple: (i) exact knowledge, (ii) quantitative
estimates, (iii) assumptions or anticipations, and (iv) total ignorance. Neither the first nor
the last case is very common in economic applications. Instead, we often have certain
ideas about the state of affairs, though the exact quality of the available information is
rarely known. In this chapter we consider characterization and measurement of data
quality in some further detail.
In order to address the actual quality of a statistical quantity we need, as indicated
in Section 2.2, a proper definition of the measured concept, a numerical quantity, a

10 An insight into this common prejudice by a qualified user is offered by a fornler
Chancellor of the Exchequer in Healey (1990).
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reference entity, a time reference, and a description of the measurement process. In
addition, when the quantity in question is used in a specific application, we also need a
specification of the information requested. Based on this framework, the actual quality
of data may be deducted from a comparison of what is sought and what is available.
Here, a brief classification of data problems in analysis and planning with formal
models is given. The purpose is to offer a framework for the combined analysis of error
components related to various error sources in the data generation process, and their
effects when the respective sets of information are used. Thus, we have to distinguish
between such questions as: (i) which errors are at hand, (ii) how these errors are caused,
(iii) what is required to minimize the errors, (iv) which effects do errors cause when the
data are used, and, (v) how may the observed errors be attended to in the planning
process? This chapter will focus on the first two issues. The presentation is primarily
based on work done by the author on behalf of Statistics Sweden.

3.1

A Framework for Analyzing Data Quality

According to Popper (1959), there is no such thing as an exact measurement. This may
be true in all sciences, and economics is certainly no exception. Morgenstern (1963)
expresses a similar view. The statement may be true for most economic measurements,
irrespective of the way the variables are defined and measured. Decisions made in
business and in the public sector are based on data that are marred with great
uncertainty, Morgenstern, (1963, preface to second edition). Certain economic processes
are not even measurable in a strict theoretical sense. Hidden or latent variables can be
observed and recorded only indirectly through indicators or proxies. Permanent inconle
and consumption constitute examples of un-observable variables. More commonly, though,
the process considered can be observed, but it may be assumed that the data generated
are subject to errors of various kinds.
Our starting point for the purpose of specifying data quality is the two main
aspects or domains relevance and accuracy, Tukey (1979).
Relevance:

Do we get the kind of data we require for an application?
One aspect of relevance is validity (the ideal concept vs. used
operational concept). The terminology attached to observed
variables is to be considered as well, that is which name is
given to a measured phenomenon and how are observations
classified?

Accuracy:

Are the recorded figures reliable enough (in terms of
precision and bias) for proper inference?

41
A number of studies on 'total' errors in specific series exist. A standard for error
presentation - quality of data statements - has been approved by Statistics Sweden, SCB
(1979a, 1983b). According to this standard, the data quality should be specified by the
following components, Figure 3.1.

Figure 3.1
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This standard scheme has been found only partly relevant for routine quality
declarations of published statistics from the point of view of the qualified user. It is
presently under review at SCB and a new tentative classification scheme, based on a
broader quality definition identifying three main quality aspects, has been introduced on
a pilot basis. This work is further illustrated and commented in the next section.
For the overall purpose of the present study, we will consider a demand driven
quality structure. The starting point is an actual problem defined by a user of statistical
data. The focus is on errors and inadequacies. On the second level causes of quality
problems may be indicated, and on the third level, measures to eliminate or minimize
these problen1s. Finally, possible effects of deficiencies in data when used in an
application may be considered. The first and last level directly concern the user, while the
two in-between should prin1arily be the concern of the producer.

Figure 3.2

A Tentative Structure of the Quality Concept

Inadequacies

Errors

~

/

Relevance

Availability

/~

/~

Timeliness

Access

Validity

Comparability

- Actuality

- Publication

- Definitions

- Overtime

- Punctuality

- Databases

- Spacing

- With other
statistical
series

- Other
forms

Precision

Bias

To be further considered in chapter 4.

43

As a first step, an evaluation of the actual data quality can be conducted in ternlS
of the components listed in Figure 3.2. Such an evaluation can be done either by the
producer or by the user. Then, the sources of errors and inaccuracies may be uncovered
and methods to adjust for errors can be considered. This corrective step has to be
problem- and decision-oriented, as data used for different purposes require different
adjustment and modification techniques.
We will consider a further breakdown of error sources in the next chapter. Here,
we will give some indications on sources of inadequacies in order to throw light on the
variability in quality, and to get some ideas of the costs for data quality improvements or
the monetary gains if the data quality is reduced.
Lack in actuality may be caused by reporting lags. Reporting lags are due to the
fact that measurement, recording, compilation, and dissemination of data takes time. The
time from the reference period until the data are available may be reduced by increasing
the resources for compilation. This is, however, only possible to a certain extent. Lack in
punctuality on the other hand refers to the fact that announced publication times are not
always kept (publication delays). This may be caused by unrealistic time tables, or
exogenous causes. These can, to a certain extent, be reduced by increased resources, but
proper organization of the work is probably more important in general. Even if required
data may be available in a formal sense, the access could be limited for various reasons,
see Section 2.5.
Validity problems may be caused by such factors as: (i) it is impossible to measure
the requested theoretical variable, Y, (ii) Y does not agree with traditional theory, and
is consequently not recorded, and (iii) Y is conventionally defined, but the interest in its
development is new.
The periodicity of data (spacing) does not always fit the problem at hand. Many
variables are only measured annually, though for example the planning process requiring
statistics is quarterly, see Appendix 1, Chapter 1. Modelling becomes much more intricate
in situations where data gaps exist, as discussed in Brillinger (1984). In other cases, only
data from ad hoc surveys or baseline measurements may be available, but no genuine
time series. The extreme case of infrequent measurements is of course the situation in
which no data or quantitative estimates whatsoever are available. Increasing the frequency
of data often appears expensive, at least when based on proper measurement. The
tendency in Sweden is rather towards reducing the frequency or periodicity of genuine
measurement and publication, than the opposite. In some instances, model-based
estimates are presented for intervening periods.
The importance of offering statistical series which allow comparisons over time
have been mentioned a nUlTlber of tinles already. Deficiencies in this respect were
observed as one of the major bottle-necks in the modelling exercise reported in Appendix
2. Reasons for problems of time conlparisons are to be found in successive modifications
in statistics production systems, as well as in external causes, see Section 2.5. When
integrated descriptions or causal models are aimed for, sought variables also have to be
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defined in consistent ways. Employed standards and classification systems have to
harmonize in order to be able to offer comparability between variables, see Section 2.2.
Statistics Canada has carried out a comprehensive effort on documenting errors
and error sources in the statistics production process, Statistics Canada (1985, 1987). This
has been developed into a standard for reporting the technical quality of data to users,
and for monitoring the internal production process. Similar efforts also take place in, for
example, Australia and USA.

3.2

Relevance Aspects

Users request statistical information at the right time, defined in accordance with prespecific requirements and available in a form making it easy to obtain and analyze.
Aspects relating to timeliness of data are further discussed in Chapter 5, while accuracy
aspects constitute the main theme of Chapter 4. In the following, we consider some issues
related to the relevance of available data, or more precisely what is referred to as validity
in Figure 3.2 above. The purpose of this brief presentation is merely to illustrate the
concept as such, and to stress the importance of considering relevance aspects in statistics
production as well as in the utilization phase. The discussion is based on two Swedish
examples in macro economic modelling.

Price Change Indicators
Price change indicators are required for a large number of applications and situations.
Numerous contractual arrangements in business, pension schemes, and certain salaries
and benefits include an adjustment factor for price changes. Measures of the general price
development and inflation indicators are requested also for more general information. A
few considerations, referring to relevance aspects, when price indicators are calculated
were introduced in Section 2.3. The consumer price index (CPI) plays an important role
for a nunlber of users and uses. It constitutes a well established standard for comparing
costs and prices at different points of time. It is, however, not equally well suited for all
situations and applications. The overall purpose of the Swedish CPI is to measure price
changes of traded commodities and services at the level of final consumption. A number
of alternative (or complementary) price and cost indices are defined for specific
situations. Examples in this area are: the net price index, the building cost index, the
transport facilities index, the producer price index, the wholesale price index, as well as
export and import price indices. The reason for developing specialized indexes in addition
to the CPI is that more specific cost structures are required in terms of, for example,
commodities and services covered, observation level and geographical coverage. In this
way, the relevance for predefined uses is improved by the introduction of complementary
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indices.
In many countries, separate CPI variants are also calculated for different
household groups (low income, wage earners, high income, etc.), and different
geographical areas (for example the capital city, other urban areas, rural parts). The
existence of such sub-indices is a reflection of different consumption patterns prevalent
among groups and different price trends on a regional basis, due to transport costs,
seasonalities, the competitive situation in the individual locations, etc.
Price indices may also be derived indirectly from a comparison of value and
volume figures at different tinle points. An example of this is the imputed GDP deflator
sometimes used as a proxy for describing the price change in the economy at large.
When deciding which price change indicator to use it is important to specify what
is sought in terms of, for example, commodities covered, relative weight of various
transactions and geographical coverage. The definition of alternative indices has to be
scrutinized before making a decision on which to use. The relevance of an individual price
indicator for a specific application can also change over time. An illustration of this latter
aspect is given in Norwood (1990) for the case of the CPI in USA.

Volume Measurement for the Public Sector
In many countries, including Sweden, the calculation of GDP in real terms for the public
sector is based on the a priori assumption that the productivity is constant over tinle. This
means that inputs to the public sector, expressed in nominal terms, are directly taken as
output measures as well. The above principle is brought more and more into question,
and not always abided by, by a number of the OECD member countries. At the same
time, empirical evidence concerning the actual change in productivity for the public sector
is lacking in most countries. Thus, in the absence of genuine measurements of the
productivity development, a standard or fixed number has to be used, for example
assuming constant productivity. This issue was considered for Sweden by a government
commission, ESO (1986). As the public sector amounts to almost one third of the national
income, the GDP-figures are highly sensitive to alternative choices of assumption in this
respect. In addition, this choice also has implications in ternlS of relevance, especially
when national accounts aggregates are used to estimate productivity trends in different
sectors and in the society at large, SOU (1991).

3.3

Data Quality - Some Empirical Results

In order to interpret correctly the quality of released statistical information and to take
remedial measures if required, users need to know its quality. Both in Sweden and
elsewhere, statistics producers more and more commonly present the quality of released
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figures in accordance with some classification scheme similar to the ones introduced
above. One problem in this context is that the data-sets are used for different purposes,
that is different users require different levels of quality declarations. In practice, the
estimated level of sampling errors in published statistics is routinely reported by Statistics
Sweden, while other dimensions of error and inadequacy only occasionally are known in
further detail even to the producer.
For instance, the quality of data taken from administrative registers is usually not
known in any detail. Available case studies indicate that considerable error margins exist
also in censuses (full scale nleasurements). Typical errors here include the situation when
the frame is incomplete in relation to the target population (under-coverage, however the
opposite may also occur), partial non-response, mis-coding, mis-calculation and misclassification. In Lyberg (1981) errors in the editing process and in particular those due
to coding are considered. According to Lyberg, the errors introduced by coding alone
often affect 5-10 per cent of the observations. In SOU (1983), reference is made to the
opinion that detection of errors through more comprehensive screening systems is rarely
cost-efficient. However, such statements are unproven in a more general sense, and
largely depend on the criterion chosen to assess the value of reduced errors. At the same
time, empirical studies point to better value for money if some resources are switched
from micro level scrutiny to macro editing and even to other stages of the statistics
production process. The development of automated or computer assisted screening
systems have proven valuable in a number of instances.
In addition to routine reporting of (sampling) errors, SCB has for the last three
years, since 1989, prepared an annual report on the overall quality in produced statistics
and in its production. These reports are based on a data quality survey covering all
officers in charge of producing statistics series and cross sectional surveys. An approach
similar to the total quality concept introduced in Section 3.1, has been employed in this
work. It has not been possible to base the study on direct systematic observations and
measurements of user reactions, to determine the relevance, but merely on information
from the producers themselves. The producers are asked to act as substitute or proxy
users, and to report reactions they have received in conjunction with user contacts11 •
Some main results from the quality reports 1990 and 1991, SCB (1990a) and SCB
(1991a) are presented on the following pages.
The structure of the currently used quality concept is presented in Table 3.1. Three
nlain aspects or domains have been defined, and under each of these a number of quality
indicators specified.

11 This indirect system has recently been amended with surveys to user representatives
as well.
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Table 3.1

Quality Components and Indicators According to SCB

Relevance is used in the same nleaning as given above. Also accuracy is used in
accordance with standard statistical interpretation as introduced in this thesis. It is
indicated by various sources of (potential) inaccuracy. The accuracy domain is further
considered in Chapter 4. Service quality refers to the kind of special services and
assistance offered by SCB, in addition to the mere routine distribution of figures. The
exact definitions of all the employed indicators are given in SCB (1991a). By and large,
they conform with traditional use in statistics. Here, a special comment may be given to
the indicator 'model and theoretical foundation'. This primarily applies to composite
statistics like national accounts and related central economic series, and refers to the way
in which introduced models map the underlying phenomena sought.
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In total, about 180 statistics products were surveyed in 1991 for the purpose of
obtaining estimates of the change in quality during the last. year. In the 1990 survey
changes in quality during the last 3 years as well as the quality level in mid-1990 were
considered. The size of the products surveyed differ largely, from small operations with
a budget of less than SEK 100,000 to major activities like the national accounts, labour
and employment surveys, or living conditions survey system, amounting to SEK 10 - 25
million each. In order to study different categories of products, these were classified into
three size groups and four subject area groups (socio-demographic statistics, agricultural
statistics, labour statistics, and economic statistics).
In terms of quality level, the respondents were asked to indicate deficiencies on
a scale from 0 (appropriate quality) to 4 (very serious quality problems, so serious that
the use of the data could be questioned). For the change in quality the respondents were
to indicate improvements (large or moderate), decreased quality (serious or minor) or
constant quality during the period considered.
The overall results of the survey are illustrated in Figure 3.3 (quality deficiencies),
and Figure 3.4 (quality development). Some details in terms of quality development for
individual indicators during 1990 - 1991 are illustrated in Figures 3.5 - 3.7.
The survey constitutes a possible quality declaration scheme from the producer's
point of view. In order to give realistic signals about the use of the data it has to be
combined with feedback from (a sample of) users. An attempt of that kind was made by
SCB in 1990. It is also done periodically for various sectors of the society, and for specific
categories of users.
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Figure 3.3

Quality of Statistics Products 1990, producer perspective
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Figure 3.4

Changes in Quality 1990 • • 1991, producer perspective
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Figure 3.5

Changes in Relevance 1990 - - 1991, producer perspective
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Figure 3.6

Changes in Accuracy 1990 - - 1991, producer perspective
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Figure 3.7

Change in Service Quality 1990 - - 1991, producer perspective
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It is seen from Figure 3.3 that the producers consider deficiencies in Accuracy as
most serious, while the relevance is assumed to be good on the average. In terms of
individual indicators, time comparison, comparability with other statistics and
documentation are indicated to be in need of special improvements. Major and frequent
improvements are recorded for Service quality also during the last year, while very few
Accuracy improvements were recorded.
The situation differs between areas and size groups. It is, however, not possible to
draw any conclusions as to possible systematic differences between economic and other
statistics from the available survey results.
In relation to our main research issues, the above studies give indication of
considerable problems in terms of primarily accuracy and comparison over time. Also
timeliness and punctuality are experienced as calling for improvements. All these quality
dinlensions are to be further considered in the present research.
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4.

ERRORS IN DATA

Are data, generally speaking, accurate enough to permit nleaningful analysis? There is
very little in the way of answers to this question in the standard reports where, for
example, the Swedish national accounts variables and related quantities are reported. The
only measure of precision given in the regular quarterly national accounts reports is an
indication of the average difference between the preliminary and definitive estimates of
the GDP figure. This situation, with only some limited quality information for the central
economic variables, is similar to that in most other countries.
One of the first comprehensive treatments of errors in economic variables is given
in Morgenstern (1963). A theoretical analysis of sources of errors is presented together
with an empirical survey of actual errors in a number of US economic variables. During
recent decades, there has been a growing amount of literature on numerical errors and
inaccuracies in national accounts variables; Zellner (1958), Stekler (1967, 1987),
McDonald (1975), OEeD (1979), Zarnowitz (1979, 1982), Markiw and Shapiro (1986),
Young (1987) and de Leeuw (1990). Some authors have also considered the treatment
of errors and other inaccuracies when such variables are used in forecasting: Howrey
(1978, 1989), Bordignon and Trivellato (1989), van Vlinlnleren et. al. (1989), and Klein
and Sojo (1989). However, studies of effects of data errors in the analysis and planning
stages are by and large lacking. This means that descriptive surveys are available, while
effect studies from the perspective of the end-user are more scarce (almost non-existent).
In this chapter, we consider issues related to classification, sources and existence
of errors in economic data. We start from the broad categorization of errors indicated in
Figure 3.2. A theoretical model for the comprehensive treatment of errors is introduced
in Section 4.2, while Section 4.3 includes a discussion of adjustment procedures and
spacing of primary data series. This latter section is included primarily to illustrate various
model assisted modification schemes employed on individual variables in order to allow
for creation of composite nleasures such as national accounts aggregates and price
indices. This is particularly crucial for combination and integration of variables into
consistent descriptions and nl0del systems.
Recently, revisions of historic economic time series have been discussed in relation
to analysis of alternative economic policies in a historic perspective, Gordon (1986), and
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Romar (1989). Economic growth and stabilization indicators relating to the pre-war
period have been reviewed and considerably re-adjusted. A similar study, utilizing recently
re-constructed historic series, also covering Sweden, is reported in Bergman and Jonung
(1990).

4.1

Accuracy of Data

What is a true figure, and how can we measure the deviation between the true value and
the one actually observed? Is it at all possible to observe deviations for the kind of
statistics we are concerned with here? It appears that only rarely one has access to the
true figure 12• Here, we limit the discussion to indicators of errors based primarily on
surveys of possible error sources. Below, we will first introduce a standard classification
of errors, and then briefly consider various causes of errors.

Types of Errors
Errors in survey situations are discussed by a number of researchers. In Dalenius (1974),
a framework for a total survey error model is presented. An often referred structure in
this context is offered by the US Bureau of the Census model.
Commonly, a tentative breakdown is made into: gathering errors, compilation and
adjustment errors, and conceptual inconsistencies. In addition one may consider
deliberately falsified statistics as a separate source of error13• The first two sources relate
directly to the data creation process as presented in Chapter 2, and constitute our main
themes of study. Conceptual inconsistencies relate to the interaction between the user
needs and the actual measurement. This relevance aspect was touched upon in Chapter
3. Adjustnlents of primary data may be seen as one means of reducing such
inconsistencies. We comment various adjustment procedures in Section 4.3.
In Figure 3.2, the total error was broken down into Precision and Bias. In the
survey literature the two components Variance (precision) and Bias taken together are
measured by the Mean Square Error (MSE), that is:
MSE = Variance + Bias2

(4.1)

12 In a number of situations, even the concept true figure is artificial or at least
abstract, for example when we look for a seasonally corrected production value or trading
day adjusted sales figure.
13 We wHI not consider this aspect of incorrect data, originating from purposive/
deliberate lying with statistics, any further in the present study.
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In Groves (1989), typical error classification schemes relating to different subdisciplines are introduced and discussed. For regression and econometric analysis Groves
presents the breakdown indicated in Figure 4.1.

Figure 4.1

Error Components in Econometric Analysis
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It is to be opserved that only gathering (collection) errors are listed in Figure 4.1,
while any errors or inconsistencies originating from the compilation and presentation
stages are omitted. In our study we consider an extended quality concept as introduced
in Chapter 3, and further elaborated below. Such a framework should include errors
generated in all stages of the Data Creation Process.
The errors generated under the category variance (precision) are often called
stochastic, while those under the bias category are called systematic. From Figure 4.1, it
is clear that the same error sources may generate stochastic as well as systematic errors,
that is, each error source may be broken down into two error components, one stochastic
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and one systematic in character. In most reporting of errors in data there is a tendency
to focus on the stochastic part, while systematic errors are disregarded or receive
perfunctory treatment. One possible position is to adjust (correct) for any systematic error
prior to presentation of statistics. At the same time, it is to be noted that the distinction
between what is classified into stochastic and systematic errors is far from clear-cut, but
rather dependent on the underlaying (survey) model.

Causes of Errors in Data
In economic statistics, transactions in the business sector playa dominant role as input.
Observation and recording of such transactions are mostly conducted on the establishment
or enterprise level through mail surveys, as illustrated in Chapter 3. Surveys to enterprises
have to rely on some kind of an establishment register. As new companies are started,
and old ones die, the register has to be successively updated. Surveys are often designed
from incomplete or otherwise defective frames, causing coverage problenls. Nonresponses occur in all surveys, and even if participation is compulsory, not all units will
subnlit particulars, either because of non-response, inconsistent answers or for sonle other
reason. In addition, partial non-responses, that is responses left out on individual
questions, often result in quality problems. The use of cut-off samples constitute a special
case in this context. Cut-off samples are usually designed in such a way that only large or
traditionally cooperative enterprises are considered in a first step. This strategy is
sometimes used for estimation of preliminary figures.
Figure 4.1 covers only errors generated through the primary data collection stage,
while any errors resulting from the processing and compilation of observations are
discarded. In the present study error sources in latter stages of the data creation process
should also be taken into account. Possible error sources to consider in these stages
include:
-

Coding of observations
Registration (data entry) of observations
Aggregation of micro observations to macro level data (statistics)
Estimation of parameters

These, and related error sources, are introduced and commented in Appendix 1,
Section 2.3.
The reasoning so far has focused on quantities assumed to be directly measured
through direct or indirect observation. Many of the variables relating to economic
processes are, however, composite in nature and call for conlbinations of a number of
observations and primary variables before an estimate is arrived at. GDP, investments and
price indices are all examples of such variables. In such instances, adjustments and
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balancing of primary data have to be employed. Such model-based estimation introduces
additional errors and complications in terms of also quality assessment.
Morgenstern (1963) makes a distinction between three error categories in his
review of the quality of national accounts aggregates, that is: (i) errors inherit in primary
data, (ii) errors resulting from the effort to fit the available statistics to the chosen
conceptual framework (for example the System of National Accounts, SNA), and (iii) data
gaps requiring the addition of 'guestimates'. All these are present also in the context of
Swedish economic statistics. In addition, errors also due to discrepancies between the
chosen operational framework and the sought (ideal) quantities should be recalled, that
is the validity don1ain in the terminology of Chapter 3. As a current example of this latter
error source, the traditional (narrow and real capital focussed) definition of investments
used within the national accounts framework, and a broader investment concept
(including real capital and human capital) requested by many users, may be mentioned.

4.2

A Model for Analysis of Data Errors

Here, the intention is to devise an integrated error model covering the various
components introduced above. This is to be seen as an action-oriented decomposition in
which different errors (error sources) are combined into a unified framework.
Assume that we demand a numerical estimate of Y referring to time-(period) t,
that is, we request ~t. Assume further to start with, that we have no idea of the actual
value of Y t whatsoever. This means that the situation can be characterized as total
ignorance. In this case, we may confine ourselves to using the most recently available
estimate, for example ~t-l' an average or some other function of Y for some historic
period as a substitute for a genuine measure of Y t • The total error (TE) introduced by
this procedure is defined as the difference between the value of the theoretically
requested measure at time t, Y t , and the actually available proxy or estimate of this,
indicated with ~ta, that is:

(4.2)
Here, TE is expressed as the difference between the sought quantity and the one
actually available. The expected value of this difference is a function of random and
systematic errors as well as of possible deficiencies in the validity dimension, sketched
above. The situation described so far is conditional in character, and based on the
sometimes not-so-realistic assumption that we are in a position to exactly specify what we
want.
We may focus on some function of TE like the absolute value or the squared
deviation. Further, in ll1any instances, we are not only interested in one single observation
relating to period t, but rather in the development of the variable over time. This means
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that we focus on repeated observations of Y t in the form of a time series rather than on
a single cross-section estimate. We may interpret the situation in terms of replications of
observation employing a super population approach. From this position average
deviations and precision measures for the series may also be devised.
The quantity TE in equation (4.2) can be broken down into components focusing
on aspects of special interest for the study at hand. For 'our purpose, we specify a
decomposition relating to the error components introduced above. The order in which the
components are identified is important in this design. Thus, we start from a situation with
no quantitative measure for the period(s) of interest. Then we introduce a measurement
process generating the sought quantity with some time delay. Given this situation we may
further consider the consequences of reducing, or eliminating, the time lag. With this in
mind, we may also consider various degrees of systematic and random errors in the
measurement of the sought cross-section quantity or time series. Random errors may, for
example, be caused by the use of a sample instead of a full scale enumeration as
discussed in Chapter 2. In this framework a final indicator of considered deviation is given
by the distance between what is actually sought by the user and what is aimed at by the
eventually employed measurement process. This is thus to be seen as one component of
the relevance error in the terminology of Section 3.1. Taken together, the above sketch
leads us to the following specification:

+ (yt - y/) + (y/ - y/) + (y/ - Jt)

(4.3)

where:

Jt

= initially available 'guestimate' for time/period t lacking proper measurements

y/ = available value given accurate spacing, that is, a measured estimate of Y for
the time/period t
y/ = available value given no reporting lag error in preliminary data

YtS = available value given no systematic errors
YtC = available value given no stochastic (for example sample) errors
YtV = available value given no discrepancies in the validity domain
This allows expression (4.3) to be interpreted in terms of the error components
introduced above. Thus,
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(y/ - ~ta), D ia , may be interpreted as error due to inadequate spacing;

(Yt1 - y/), D u , may be interpreted as error due to lags in observation, reporting and
processing;
(YtS - y/), D s1 , may be interpreted as the systematic error component in the
measurement;
(yt - yt),

Des ,

may be interpreted as random errors in the measurement;

(YtV - YtC), Dvc , may be interpreted as error in the validity of the measurement in
relation to a specific application; and finally
(Yt - YtV ), D.v ' may be interpreted as the remaining error given full scale, accurate,
valid and timely production of statistics. D.v is thus an expression for the renlaining
or residual error in the measure. This quantity may be expected to meet the
standard assumptions for a white noise process.
The random and systematic components may be further broken down into separate
error sources in parallel with the discussion above. On the other hand, various error
sources may generate systematic as well as random errors. Examples of this are to be
found from, for example, non-response, observation and recording.
The contributions to the total error from the different sources may, however, be
interdependent and interact with one another. Some provisional findings relating to
covariances between various error components and sources emerge, see for example
Lindstrom (1991). The prevalence of interdependencies make any decomposition and
quantification even more intricate in practice.
We can in principle derive the expected value and variance of TE using the above
specifications. E(Des) and E(D.v) are zero by definition, while no general assumptions are
made about the expected value of the other error components. The relative size of the
assumed deviation and variance of the error components may differ from one application
to another. Thus, the formulation in (4.3) can be used to study the consequences of
improving, or reducing, the original measurement and the successive adjustments of the
primary data. This approach is taken as a basis for the discussion about cost/benefit
aspects in Chapter 11.

An Example
The above sketched model might be seen as a nlere theoretical framework. In order to
be useful for actual quality calculations and priority settings in the production process,
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quantification and measuring of the introduced components are required. Some of these
may be estimated ex post, while others are not available at all in the form of traditional
average and precision measures. Lacking traditional probability based measurements,
these may have to be considered in a sensitivity testing approach. The following example
gives some indication of possibilities of using the framework in practice.
Assume that a measure of the value of business investments for the fourth quarter
of 1989, indicated with Y t , is sought. This request is assunled to be expressed by a
knowledgeable user in mid-March 1990. Employing the above devised model, the
following steps can be introduced.
We start by assuming that there is no estimate of the sought quantity, Y r As a
proxy we initially use the existing value for business investments 1988 and divide this
figure by 4 to obtain a first 'guesstimate', Jta• The next step would be to consider the
preliminary estimate for the sought quantity and period, J/. Then, the definitive figure for
the same quantity nlay be considered l 4, that is J/. Both these quantities may be found
ex post in statistics publications. The next quantities defined in (4.3) may not be picked
as easily from available documents. The quantity Jt expressing the definitive figure
corrected for any systematic errors, are not published or otherwise estimated. Examples
of systematic errors in this example are under-reporting due to the use of cut-off samples
and overestimates from too high responses caused by the existence of investment
subsidies. In addition, there may very well be a systematic component caused by the
prevailing structure of the non-response. Some of these error sources are usually adjusted
for prior to the publication of figures, while others are not assumed possible to correct
because they are unstable over time. In our example, it is not clear whether the net result
of systematic components give an over-estimate or under-estimate, so let us for simplicity
assume no deviation. Quarterly investment figures are based on sample surveys. The
precision of these estimates are calculated as a rule. The quantity JtC for an individual
quarter is certainly not available 15 , while estimates of the sampling error are calculated.
The standard deviation of the quarterly investment figure for the entire business sector
is estimated at about 5 per cent of the average. Finally, the quantity JtV expresses the
investment figure corrected for any discrepancies between the value obtained, based on
an all together accurate estimate of the operational quantity and the value of the quantity
sought by the user. In the present context, discrepancies may be assumed to be caused
by the use of a too narrow definition of investnlents in the statistics available. Thus, the
quantity may be assumed to be under-estimated by 10 per cent. From available
documents, and the above assumptions the following required realizations of the sought

14 Note, though, that neither the preliminary, nor the definitive value is available when
the request is expressed.

15 Simulated figures may, though, be generated (imputed) using the estimated
variance.
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quantity may be found:
~t

= 47.2 billion SEK16

y/ = 49.3

y/ = 50.5

yt = 56.1
Fronl equation (4.3) the following expression for TE is obtained:

TE -

(56.1-50.5) + (50.5-49.3) + (49.3-47.2) - 8.9

(4.4)

In (4.4), the deviations Des and Ds1 are discarded. This means that we assume no
systematic and no stochastic errors in the present situation. We do not propose that D s1
is actually zero, but due to lack of any strong indications to its possible direction and size
-it is left out here. In addition, no remaining errors measured with the component D.v' are
accounted for. This is by definition assumed not possible to affect, by way of changing the
data quality.
In addition to the example relating to one single observation given above, we may
employ the franlework for considering the average quality of quarterly investment
statistics expressed in terms of TE for the 1980s. It is further possible to estimate the
variance of TE fronl a similar approach.
Given the above approach, a cost function may in principle be associated with
various quality (error) levels expressed in terms of TE. It is further possible to consider
effects on the data quality caused by alternative resource allocations within the statistics
production process.
In the case of national accounts and other central economic statistics, the above
approach is not sufficient because the sought quantities as such are composite in
character. In addition to traditional parameter estimation including totals, m~ans and
percentage shares, model-based techniques to combine input data are also often
employed.. A simple example is to consider business investments expressed in constant
prices (for example in the prices of 1985) instead of current prices. To obtain investments
in constant prices we have to estimate a ratio instead of a simple total. Similarly, we may
request a measure of the quarter to quarter or annual change in investments instead of

16 If we instead ex post use the annual value for 1989 to impute the figure for the
fourth quarter we obtain 56.9.

62
the individual period level. In both these cases, covariance measures between the utilized
quantities are required to arrive at precision estimates. In practice, much more intricate
situations than the above may occur. Thus, short-cut procedures may have to be relied
upon for quality declaration of composite statistics.
Actual measurement of the quality of GDP-estimates may, for example, be based
on at least three different approaches: (i) The quality of components building the GDPaggregate, (ii) a residual approach taking into accounts that the results from the
production and consumption side is to balance, and (iii) a revision pattern approach. The
latter alternative is further considered in the present research, Chapter 5.
In the next section, some prevailing methods to combine primary variables into
composite or aggregated estinlates are considered. We focus on some adjustments of
available data series and on model based modifications. This discussion primarily relates
to the error components D ia , D s1 and D vc' while the error component D li and to some
extent also Des are further considered in Section 5.1.

4.3

Aggregation, Adjustments and Spacing of Primary Data

Adjustments of primary data series are performed either in order to directly reduce
errors, or to improve the relevance. In the first instance, the primarily recorded figures
may be known to be biased due to deficiencies in the measurement process, (see above).
Compensation for known systematic errors resulting from, for example, non-responses or
the use of a cut-off sanlples nlay take the form of adjustment of the primary quantities
recorded. The latter situation on the other hand, may lead to deteriorated precision as
new error sources are introduced in this post-adjustment stage. Examples of such
procedures are balancing of residuals in national accounts estimation and imputation of
price changes. Another example of model-based estimation is given by the use of leading
indicators in order to improve early estimates, that is to reduce the quantity D li •
All adjustments and modifications of primary variables will affect the data quality
nleasurement. Below, we will consider some aspects of adjusting and correcting primary
available series in order to obtain values more adapted to the specific problem at hand.
This is done in order to offer additional insight concerning quality aspects. These
techniques affect the error components D ia and Dvc as defined in Section 4.2.
Given a well-specified analysis or decision problem, the o1?jective is to adjust the
available data series to obtain a better quantitative basis for problem solving. The
following kinds of adjustments are frequent in economic statistics:
- Aggregation of observations
- Breakdown of aggregate observations
- Linking of observations over time
- Disaggregation in the time dimension
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- Differentiation and standardization
The principles and models for adjustment of primary data are numerous, and a
large nunlber of statistical tools have been developed for adjustment purposes. A
distinction may be made between descriptive and model-based techniques. By modelbased techniques we simply mean nlethods based on some explicit assumptions about the
underlying structure. Examples of such methods are index techniques used for
aggregation, linking, and standardization over time. For linking and comparison of
observations over time, seasonal adjustment techniques are available. Decomposition and
disaggregation may be made by means of, for example, various filtering techniques.
In the example concerning a world price indicator discussed in Section 2.3, a
number of aggregations, combinations of input figures, and adjustments were introduced
in order to arrive at a single-valued estimate of the global average. These special
compilation schemes entail weighting of price observations from different sources,
standardization of figures expressed in different currencies, and transformation to a
single unit. As an alternative to the composite variable, one may study a single indicator
or proxy, which is assumed to mirror the price pattern as a whole. This means that the
price of one single commodity at one place is singled out to reflect the various price
movements in internationally traded commodities and services. It is, though, not easy to
suggest such a proxy, which is relevant for longer term indications.
In econonletric studies, primary series are often transformed in order to arrive at
stationary processes required for the application of many common techniques. This is
done in the form of, for example, differentiation or taking logarithms, Appendix 2,
Chapter 2. The importance of nlaking the transformation in such a way as to keep the
interpretation of the transformed variables meaningful has to be stressed in this context.
Adjustments have to be problem-oriented rather than general. A given adjustment
process can not be applied directly to any set of data. Thus, it is difficult to define
generally optimal schemes. Instead a balance must be struck between precision and
robustness in various uses. When a general (mechanical) correction scheme is employed
by a statistics bureau for multi-purpose uses, some users requiring specific attendance may
be left less satisfied.
In the Foreign Sector model presented in Brannas & Ekl6f (1980), and the Macro
Model of Appendix 2, various adjustment techniques are used to arrive at variables useful
for the specific purposes. Here we will not go into detail concerning the advantages and
disadvantages of the methods, but restrict ourselves to outlining some principles and
features common to many techniques. This is done by using a few examples from the
empirical case studies and discussing issues relating to the choice of weights in
aggregation, transformation to real values and seasonal adjustment.
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Aggregation of Observations
Whenever nlicro observations are aggregated to generate macro statistics, for exanlple
in the compilation of national accounts, the quality of resulting quantities have to be
considered in the light of the original data capture process as well as in ternlS of the
model on which the aggregation and transformation process is based. An early treatment
of the aggregation problem is given in Theil (1954). The aggregation process per se may
introduce additional bias into the estimates if the original survey design is not properly
accounted for, see Cassel and Lundqvist (1991).
For aggregation, a weighting filter has to be chosen. Sometimes this choice may
be a priori evident, while in other cases the exact definition of weights is more
problematic. As an example, we may mention the creation of the exchange-rate indicator
used in the Macro Model, Ekl5f & Lundberg (1981). As discussed in Brannas & Ekl5f
(1980), it was found inefficient to utilize a set of different currency variables in parallel.
Instead a single composite indicator was to be specially defined and we created it as a
trade-weighted index of the 15 major Swedish trade-partner currencies. This was decided
upon purely theoretical considerations as the foreign exchange variable was supposed to
mirror trade-partner costs for Swedish commodities.
The chosen alternative for an exchange-rate indicator was fairly evident in the
situation considered. For other purposes, quite different weights may have been more
efficient, though. At the same time, it was found that the correlations between our
measure and those obtained by a few alternative weighing schemes are very high, see
Ekl5f & Lundberg (1981). For this case, the required variable was found insensitive to
alternative specifications and operational measures. As the variable was not available in
the form sought, we had to compute it from primary figures calling for rather time
consuming data capture and editing. This latter observation illustrates that even if the
series required are available, in principle, a user may have to spend time in order to
obtain it in a fornlat suitable for his specific application. Availability of primary
observations in computerized databases may considerably reduce such work.
As a second example of the role of aggregation and proper weighting for improved
validity, consider the industrial production variable. In the Macro Model, international
industrial production is included in order to mirror foreign demand of Swedish
commodities. The proper definition of this variable should reflect the Swedish export
pattern. However, for the sake of simplicity, we decided to choose the directly available
variable industrial production in the OECD-region. The United States accounts for almost
25 per cent of that value, which is much more than its trade share with Sweden. We
assumed, however, that the United States economy also indirectly influences Swedish
trade partners and secondly, that the extra effort of re-weighting the variables was hardly
worthwhile. The relevance of this assumption is still unproven in our case.
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Transformation of Primary data
Below, two kinds of transformations are considered, that is, differentiation of time series
and conversion of data from current to constant prices. These examples are singled out
because of their importance for development of integrated economic statistics.
The economic theory underlying the Macro Model, Appendix 2, requires the
introduction of volume variables into a number of relations. Volume data nlay be directly
available in some instances, while in other cases only series expressed in value terms are
directly accessible, making it necessary to compute volumes from series of value and price
data. This is the case, for example, of the world trade variable. IMF publishes series of
values and prices of world trade. From these series the volume of world trade was
computed by simple division in the work on the Macro Model. This procedure results in
an approximation of the theoretically true variable. The quality of this approxinlation
depends on a number of factors, for example how rapidly the composition of trade
changes. Some indications of the error actually introduced by the approximation have
been calculated, Ekl5f (1980a).
The index formulas chosen for volume calculations may in some cases strongly
affect the results. For instance, import price calculations are sensitive to the weighing of
relative shares of commodities. When prices increase rapidly and the volumes consumed
decrease, the use of old weights causes an overestimation of the import price indicator.
An illustration of this is given by the effect on import price measurements from the price
growth of petrol products during the mid-1970s. The initially published series was based
on obsolete trade and consumption patterns and had to be revised, resulting in substantial
changes in also a number of macro economic variables. Further, special requirements
have to be fulfilled by a price index in order to be appropriate as a deflator. In principle,
any deflator has to be of the Paasche-type.
Another crucial point in real value transformation is the choice of base year.
Alternative choices may result in quite different time trends. The Swedish national
accounts statistics have been compiled with 1968 as base year. In the latter part of the
1970s, the system was revised and new estimates with 1975 as base year were calculated.
The change of base year as such made numerical adjustments necessary as a longer series
without any shift was required in the modelling exercise.
All variables except a few in the estimated Macro Model are defined as four
quarter relative differences. This means that the variables are expressed in terms of
growth rates. This definition of variables has effects on the error components as each
considered figure is based on two primary observations, (see above).
One reason for post-adjustment of time-series data is that weighting schemes
successively deteriorate, as indicated above. Whenever the relation between the current
period pattern and that used for weighing input variables into a composite estimate
diverges, the possibility of reweighting should be considered. Weights for 'final' versions
of national accounts variables are often derived from Input-Output relationships. The
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frame and weighting system used, become less and less appropriate. At a certain instance
of time they are found unacceptable and have to be changed. When new weights are
ultimately employed, threshold effects are due to occur. This causes need for postadjustment of historic observations also (back-casting). Techniques for this are available
(splining, for example), but are expensive to carry out on a full scale basis. Thus, a few
baseline periods nlay be selected, and values between these interpolated.
Whenever the aim is to constitute series required to be consistent over extended
time periods, or between sectors or countries, adjustments may be required. One example
of such an effort is offered by the STAN-exercise handled by OECD, OECD (1989).

Seasonal Adjustments
In the case of modeling as a basis for stabilization policy, seasonality as such is not of
interest. Instead, the seasonal component as well as irregular fluctuations should be
smoothed out as much as possible. Many of the original variables used in the Macro
Model exhibit strong seasonality. A few alternative ways to account for the seasonal
effects are commented in Ek16f & Lundberg (1981). There is a substantial amount of
theoretical as well as applied literature on seasonal analysis. Some conlmon techniques
are based on regression approaches, time-series methods, or smoothing (filter) techniques.
A large number of handy computer routines are available for seasonal analysis and
adjustments. The ARIMA-X11 technique is employed in a number of countries (including
Sweden) for routine seasonal adjustment of many economic time series.
After a number of tests, we based the model on four quarter absolute and relative
differences, respectively. Most seasonality was eroded by this transformation procedure.
However, some seasonality is still present in a few variables. As the main interest is
focused on the change and not on the levels of economic activity, the research problem
lends itself to the chosen kind of differentiation.
As an alternative to four quarter differentiation, some sort of seasonal adjustment
may be adopted. In our case and in for example Wells (1978), strong negative effects of
modelling from seasonally adjusted series have been experienced.
Updating and filtering of preliminary signals in order to obtain leading indicators
is extensively used, one objective being to identify turning points.
In practice, it is often difficult to find un-adjusted series for many variables. In for
example the IMF, and OECD databases most series are only included in the form of
seasonally adjusted figures, see Section 5.2. Different adjustment techniques may be used
for different series, constituting inconsistencies, when combined in a modelling exercise.
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Spacing of Observations
Long series of annual observations exist for many economic variables, while more
frequent data points (for example on quarterly and monthly basis) are available for
merely the most recent periods in a nUITlber of cases. If the modelling is to be based on
quarterly or monthly data and one or a few series are available only on an annual basis,
special techniques have to be employed. A nUITlber of issues in this context are discussed
in for example Brillinger (1984), Harvey and McKenzie (1984), and Schneeweiss (1985).
A distinction should be made between stock and flow variables and between situations
in which supplementary data do or do not exist.
i) When No supplementary information is available, for example the following
solutions can be considered:
- Take the arithmetic mean.
- Generate random walk processes under restrictions for annual totals or means.
ii) When Supplementary information is available one can:

- Use seasonal adjustment schemes, from auxiliary variables.
- Replicate the time pattern from a known sub-period.
- Use a model approach, based on more intricate relationships between variables.
In the work with the Foreign Sector Model and the Macro Model, mentioned
earlier, quarterly data were lacking on some variables for the first few quarters of the
chosen observation period. These observations were re-constructed by means of
interpolation techniques. We have used replication of the seasonal component for a subperiod backwards in the Macro Model, as well as in the work reported in Brannas &
Ekl5f (1980). The technique was used to obtain quarterly estimates for the first few years
of the observation period for current balance, capital balance, and balance of errors and
omissions.
Pooling of quarterly and yearly observations in the same model is done in some
applications. This approach is appropriate provided the quarter by quarter development
is sought only for other variables, while those available on an annual basis are included
in the model in order to increase the overall explanatory power.
Different processes have different pulses. The spacing of observations has to be
related to the pace of the respective process. In some cases we are concerned with
studying rapidly and/or slowly moving processes within the same model. Then, pooling
variables with various periodicities may be a solution. Slowly moving variables may be
introduced by way of snloothed quarterly estimates, instead of exact measures.
The pace or rhythm in the planning and decision-making process also has to be

68
taken into consideration in this context, see Appendix 1. Many macro economic planning
schemes in Sweden are run twice a year.
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5.

TIMELINESS AND PRECISION OF DATA
- EMPIRICAL RESULTS

Numerous central economic time series are released in the forms of preliminary, revised
and definitive data. The reason for this practice is that many users demand early
indicators of the current situation, but the statistics producer is not in a position to
respond to this demand by means of full scale measurements. Thus, a reduced
measurement process is employed in order to generate prompt, preliminary figures, while
more accurate estin1ates based on a fuller measurement and compilation process are
released at a later instance. As mentioned earlier, one major reason for delays in
reporting is the fact that the measurement as such takes time. In addition, due to formal
or even legal reasons, it may not be possible to observe certain phenomena until some
time after the actual reference period (for example personal and business taxable income
statements, as one illustration).
Quality problen1s becon1e even n10re pronounced when the data collection and
dissemination is rushed. Under-reporting and non-response are due to increase, and the
control of the data production process less detailed. Strict cut-off criteria may have to be
introduced in terms of the number and coverage of the returns on which the estimates
are based. However, experience shows that there are many ways of improving the
timeliness of data in parallel to improvements in the quality domain, see for example SCB
(1986). As one example, model-based adjustment procedures may be employed on an
extensive scale in order to deal with systematic error components, and technical
equipment can offer higher productivity and speed in the processing stages.
There are, in principle, two different sources of general economic inforn1ation in
Sweden, one covering short-term indicators, and the other annual statistics. The primary
purpose of monthly and quarterly economic statistics is to offer a rapid (and often rough)
indication of short-term changes in the economy, while annual series primarily offer a
detailed historic picture of the development. This means that the basis and foundation
between the two sources differ to a certain degree. In order to offer a consistent picture
of the economic situation the monthly and quarterly series are, as a rule, calibrated with
the help of annual series ex post, resulting in what in the following is labelled definitive
series.
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When a new estimate of the current economic situation is released, the interest
often focuses on the relative change from the last period, or the same period the previous
year. These growth rate indicators may be calculated in a number of different ways. A few
alternatives are discussed below. In the following study, we consider relative four quarter
growth rates based on unadjusted (not seasonally adjusted) level measurements unless
otherwise stated.
One approach to evaluating the precision of data and measuring errors is to
consider the precision as a function of the promptness/tinleliness of data. In this context,
the revision process nlay be seen as a successive refinement and improvement of the
estimates. The definitive figure is taken as a proxy for the true figure, while the earlier
releases are seen as provisional estimates.
Substantial discrepancies between alternative realizations of macro economic
variables were observed when updating the Macro Model, Appendix 2. Quarterly data for
the sub-period 1973:1 -- 1977:IV were collected in 1980 as well as in 1990. Readjustnlents
of series have been carried out for the sub-period 1973 - 1977 also after data for the
initial estimation were collected. This is one of the explanations for observed numerical
differences in the variables when comparing the two realizations for the said sub-period.
In addition, definitions have changed in a number of cases, calling for recalculation also
of earlier observations. The extent of discrepancies for the variables included in relation
5 (GDP), and relation 9 (Exports) of the Macro Model, are given in Table 5.1. The
variables are measured as four quarter relative change, that is as annual growth rates.

Table 5.1

Averages and standard deviations for selected variables 1973:1 -1977:IV, based on Initial and Renewed Estimation, respectively

GDP

1.44

1.86

2.48

2.34

Effective demand (e)

2.13

2.33

2.82

2.67

Exports (ex)

-0.63

3.20

13.02

9.04

Export price (exp)

18.77

14.60

20.67

20.85

Exchange rate (vx)

-0.75

0.41

4.47

4.92

Industrial prod. (ip)

1.10

2.79

6.25

7.13

World trade (wt)

6.18

10.27

8.31

6.25

World price (wp)

17.17

11.82

14.76

2.58
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The averages for exports (ex) and rate of exchange (vx) have different signs in the
initial form and the renewed calculation. Export price index (exp) and the three
international variables all exhibit large discrepancies as well. The relationship between the
two realizations has also been studied in terms of a correlation test. This points at
fundamental deviations also for individual quarters. This variability is due to affect the
estimation of parameters in the model. The standard deviations are rather similar for all
variables except world price index (wp). The question of variability for individual
observations will constitute the theme of Section 5.1.
A systematic documentation of revisions and corrections is usually not presented
in the regular reports from the statistics producers. However, a number of special studies
have recently been carried out. A number of references relating to studies of revisions for
national accounts variables were given in Section 4.1. The approach to be followed in the
next section is similar to that employed by Young (1987) for a study of errors in the US
national accounts, and by Holden and Peel (1982) on British national accounts variables.
Harvey et al (1983) considers revision patterns for two national accounts series of the UK,
and Brown and Rossiter (1989) for a few Australian GDP-series. The interest in this kind
of analysis is rather new, but rapidly increasing. In the study by Young, concrete proposals
for improving compilation practices are presented, in addition to a straightforward survey
of actual performance in terms of revisions. Since the late 1980s, it has been a compulsory
task for the Bureau of Economic Analysis (BEA) in the USA to monitor and document
the quality of the national accounts data on a regular basis17 •
Holden and Peel focus on the relationships between various realizations of the
GDP and Private Consumption estimates in current prices, including the estimation of
possible systematic components in the correction patterns. Their n1ethod is to estimate
a linear function expressing definitive series as a function of the preliminary or revised
observations, respectively. In the next paragraph we will study some revisions and
correction patterns for a few Swedish national accounts variables as well as a few
international variables. Our study is similar in scope and approach to the ones referred
to above.
A different type of error is revealed when economic variables available from
several sources, in the form of printed publications as well as in computerized databases
are compared. It is natural to assume that the same values are registered for the same
variable and time period in all available sources. However, our research has pointed out
that different numerical values are obtained from different sources. These differences may
be taken as an indication of possible errors in data.

17 It may be noted that adjustments of historic series may take place long after the
reference period. As an example, pre-war growth series for the US as well as for other
countries have been re-adjusted recently, resulting in partially adjusted interpretation of
some central economic relationships, see Gordon (1986), Romar (1989), Bergman and
Jonung (1990).
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There may be a number of reasons for such discrepancies between data sources.
One possible explanation may be that the updating of preliminary figures is made in
different manners between databases. In some organizations revisions might be paid no
attention at all, but the initial estimates considered true. In order to survey the existence
of different figures, data on a few central economic variables in three different databases
.
have been compared. This latter study is presented in Section 5.2.

5.1

A Study of Revisions and Correction Patterns

Below, adjustments and revisions for a subset of Swedish national accounts series and
international variables are considered. In the first paragraph, seven Swedish series are
compared. The focus is on quarterly data for the time period 1984:1 -- 1987:IVI8, but
quarterly data for the period 1974:1 -- 1977:IV are also considered. Figures for the
intermediate quarters have, though, not been compiled in the present study. This design
offers the possibility of analysing changes in the revision pattern during the last decade.
In the second paragraph, three international variables, two reported by IMF and one
reported by OECD, are studied. This comparison covers quarterly data for the period
1984:1 -- 1987:IV.
Annual relative growth rates are considered for all the studied variables. This
reflects the interest by users given to this very indicator. Whenever feasible, the growth
rates are compiled from unadjusted level data.

5.1.1 Swedish National Accou.nts Variables
The Swedish national accounts are prepared in accordance with the SNR system, the
Swedish version of the SNA (System of National Accounts). The first accounts were
prepared in the early 1950s, in the publication Konjunkturinstitutet (1951). Data on an
annual basis were compiled from 1946 onwards. In passing, it can be noted that one full
section is devoted to data quality issues in the first volume on Swedish national accounts
data. The accounts were prepared annually by the National Institute of Economic
Research (KI) until 1963, at which time the task was taken over by SeB. The early
development of national accounting in Sweden is described in Ohlsson (1987). Quarterly
national accounts have been produced on a regular basis since 1972. Even prior to this
year some components of GDP by expenditure (including Private Consumption) were
published on a quarterly basis. Quarterly figures are now available from 1963, onwards.

18 This five year period (including the quarterly data for 1983 needed to constitute
relative four-quarter differences) was chosen because it offered the most recent definitive
and adjusted observations available when the study was conducted (mid-1990).
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Estimates for the first periods have been derived ex-post. The number of variables and
the extent of background measurement have been successively extended since the start
of regular national accounts compilation. The collection practices and compilation
principles have been reviewed on a number of occasions, as well as on a continuing basis.
Major reviews were presented in 1980 and 1989, including reweighing and change of the
base-year for the series reported in constant prices.
The processing cycle for production and dissemination of national accounts is to
a large extent dictated by the demands of the main users, including the Ministry of
Finance and KI. The current procedures, principles and processing machinery are
documented in SCB (1979b). Work on a more up-to-date documentation of national
accounting in Sweden is underway.
The first estimates (provisional figures) of the quarterly national accounts are
initially presented in the Quarterly National Accounts Report. According to officially
released plans, these shall be available about one calendar quarter after the end of the
reference period. This means that data for the first quarter of 1990 were for example
released early in July 1990. The intention is that the figures shall also be available in the
time-series database (TSDB) at the same time as they are disseminated in printed form.
The estinlates which were initially published are then revised in a number of steps. The
revisions are caused by the fact that the initial estimates are based on incomplete
measurements. When additional returns are obtained, it becomes possible to revise the
figures. In addition, a number of national accounts aggregates are themselves based on
conlposite estimates which combine information from many different sources. For some
of these, there are no explicit measurements of levels on a quarterly basis but merely
estimates of the percentage change, or the changes according to a pre-defined seasonal
pattern. When figures for the entire year are obtained the quarterly figures can be readjusted, taking the recent annual total into account. Input-Output coefficients are used
for balancing the 'final' accounts whenever available.
The following seven Swedish national accounts variables, all used during the work
with the Swedish Macro Model, are included in the present revision study:
-

Gross Donlestic Product in real terms
Private Consumption in real terms
Business Investnlents in real ternlS
Investments in Permanent Dwellings in real terms

- Disposable Income in current prices
- Gross Tax Payments in current prices
- Total Transfers from Government to Households in current prices
Specific definitions and sources for each variable are given below.
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Variable 1:

Gross Domestic Product (GDP)

Definition of variable:

Variable 2:

Private Consumption (PC)

Definition of variable:

Variable 3:

The basic observations are taken from tables of HINV
expressed at current prices in levels. The concept includes
building for all institutional sectors. No adjustments made.

Disposable Household Income (DY)

Definition of variable:

Variable 6:

The basic observations are taken from tables of BINV in real
terms expressed in levels. There were some substantial
changes in the coverage in 1984, whereby state owned
corporations were transferred to the business sector. We
have adjusted for this. No adjustments for seasonality or the
number of working/trading days made.

Investments in Permanent Dwellings (HINV)

Definition of variable:

Variable 5:

The basic observations are taken from tables of PC
measured in real terms and expressed in levels. No preadjustments made.

Business Sector Investment (BINV)

Definition of variable:

Variable 4:

The basic observations are taken from tables of GDP
measured at market price in real terms expressed in levels.
No adjustments for seasonalIty or working/trading days made.

The basic observations are taken from tables of DY in real
terms expressed in levels. All capital incomes are since 1981
included in the fourth quarter value. No adjustments
conducted. (However, an "obvious" outlier/misprint has been
found. This is commented in the diagrams).

Gross Tax Revenue (TAX)

Definition of variable:

The basic observations are taken from tables of TAX
expressed in current values and levels. They include all direct
taxes debited to households. There has been some changes
in the seasonal pattern of revenue collection during the

75

period of study. Two different series exist in parallel. These
have been compared, and the one presented here originates
from the National Accounts Reports. Smoothed averages
have been compiled to obtain acceptable stability properties
in the series.
Variable 7:

Transfers from Consolidated Government Sector to Households
(TR)

Definition of variable:

The basic observations are taken from tables of TR
expressed in current values and levels. The seasonal pattern
has changed significantly during the observation period.
Smoothed averages have been compiled to obtain acceptable
stability properties in the series.

In the present study, the following realizations are collected from the regular
National Accounts Reports, SCB (1983 - 1990), and directly from TSDB:
- Preliminary (P). This is the first published estimate for the respective quarter.
The average age of this figure during the observation period varies between 3.5
to just over 4 months for Swedish national accounts aggregates (measured from
the last day of the reference period until the day the figure is made public). It may
take another 5 - 7 additional days until the publication reaches the users. We do
not know the exact date of availability via the computerized database. Figures are
never, however, available on EDP-media before the date recorded for the printed
reports.
- Revision 1 (Rl)19. This is defined as the figure published in the next quarterly
report of Swedish national accounts. This means that the average age is about 6.5
months.
- Revision 2 (R2)19. This is defined as the value given, the third time it appears in
the quarterly publication. This means that the average age is about 9.5 months.
- Definitive (D). This is defined as the value, the last tinle the observation appears
in the quarterly publication. All adjustments and seasonality corrections of the
quarterly series after the finalization of annual series should have been accounted

19 Observe that the figure may be revised every time it is reported in the Quarterly
Bulletin, and even in between. In the present study we limit the comparison to three
(two) revisions defined similarly for all periods and variables.
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for in this realization. The average age is about 2 years and 3 months.
- Revision 3 (R3)19. For two variables (GDP and Private Consumption, exhibiting
intensive revisions) the value after 2 years is called R3, and the name Definitive
is assigned to the ultimate value recorded in the TSDB-database (before the 1989
adjustment).
-Adjusted (A) 20. This observation refers to the value assigned after the
comprehensive revision of all national accounts aggregates published in September
1989. Figures for a similar revision of the 1970s was released in 1980. Adjusted
data for the period 1974:1 -- 1977:IV refer to the result of this latter major
revision.
In addition, three trend estimates have been calculated for each studied variable.
These alternatives are to be seen as illustrations of the situation in Section 4.2, equation
(4.3). They are prepared as forecasts of the definitive figure, and derived from data on
the growth rates expressed in terms of the definitive quarterly figures for the last 10
available years. Re-estin1ation of these forecasts have been made annually in order to
simulate a situation often employed in practice. This means that four quarterly estimates
(covering one calendar year) have been derived in each forecast run. The trend figures
are generated as part of this study. The three alternatives are:
- Average (T). This is calculated as the arithmetic mean for the respective series
during the last 10 year period. The definitive series have been used to obtain
forecasts.
- Time Trend CIT). This is the simple linear time trend based on definitive data
for the last 10 years.
- ARMA Forecast (TA)21. This is an ARMA forecast based on observations of
definitive data for the last 10 years. The ARMA(I,I)-process has been employed.
20 This realization may be interpreted to represent another set of data as compared
to the other adjustments, in the sense that considerable ex-post re-weighting and rescaling of primary observations are done. The backward adjustments are usually done by
way of full calculations for a few years during the period of consideration. From these
basic points, interpolation is done for intermediate observations. The other realizations
on the other hand are primarily the result of better (more complete and comprehensive)
primary data, including also the utilization of annual estimates.

21 This is a most naive and mechanical method in the domain of ARIMA-processes.
A significantly better fit may be obtained if a more flexible approach was to be employed.
At the same tinle, it is noted that the original series are stationary.
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In addition to the respective numerical values, the date of actual release and any
comments given in the text referring to changes in definitions and collection/compilation
practices are recorded. Any 'abnormal' deviations are further noted, and cross-checked
with representatives for the National Accounts Unit at SCB.
All series originally compiled have been recorded in absolute values, and
transformed to annual growth rates by the author, while the trend-values are estimated
in the form of growth rates.
Growth rates can be calculated in a number of different ways from the absolute
level data series. The situation may be illustrated as follows 22 :

Period

l

Rl

R2

I!

A

Q1Y1
Q2Yl
Q3Yl
Q4Yl

p11
p21
p31
p41

rIll
r121
r131
r141

r211
r221
r231
r241

dl1
d21
d31
d41

all
a21
a31
a41

Q1Y2
Q2Y2

p12
p22

rl12 r212
r122 r222

d12
d22

a12
a22

etc.....
For this set of observations, we can for example define:
G _ (p12-p11) *100
P
p11

(5.1)

or alternatively:
G _ (p12-r111) *100
R

r111

(5.2)

or
G _(p12-r211)*100

s

r211

(5.3)

Growth rates calculated by SCB and many other producers are based on
combinations of the most recent observations for the respective period. In the case of
Swedish national accounts variables, this means that most published percentages are

22

The same abbreviations are used in the following as introduced above.
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obtained by (5.3). This is due to the fact that the second revision (as defined above) is
usually available at the same time as the provisional estimate for the same quarter next
year is first released. In the following, we consider estimates obtained by means of (5.1),
indicated by suffix P, and (5.3), indicated by suffix S.
A large number of measures have been derived from the above defined
observations. They are expressed as averages and variances of deviations between the
different realizations. The entire set of data is recorded in a SAS database, as well as in
a set of PlanPerfect spreadsheets. For the time period 1974:1 -- 1977:IV (baseline data
from 1973:1), only a linlited nUITlber of indicators have been calculated, viz. the T, P, D
and A realizations.
The following questions, introduced earlier in the text, are specifically analysed:
- Does the preliminary figure constitute a good estimate of the final value?
- Do the revisions represent successive improvements toward the final figure?
- Do the trend figures in any case give as much information as the provisional
estimates?
- Is it possible to improve preliminary estimates by employing a standard
correction factor?
- Do the adjustments carried out in 1989 and 1978 respectively, affect the
description of the economy?
- Does it make any difference how the initially estimated growth rate is calculated
by (5.1), (5.2) or (5.3), for example?
- Does the quality of the early measurements differ from one variable to another?
- Has the revision pattern undergone any significant change between the mid-1970s
and the mid-1980s?
Numerical results of the revision study are presented in the graphs and tables
below. The specified abbreviations are used throughout the report.
Initially, we consider the GDP variable in some detail, Figures 5.1a -- 5.1d. The
other variables are then presented in more compact and condensed graphs. A nUlnber
of outliers have been noted. In the instances where they are expected to effect the
present comparison they are also indicated separately, next to the respective graph. Some
of these are caused by, for example, definition changes in the measured variables. A
number of more or less obvious printing errors have also been noted. These have been
kept uncorrected in order to make our conlparison as realistic and consistent over time
as possible. For users obtaining the last observation, it may not be quite evident whether
a significant change is real or merely a result of errors, like mistakes in the compilation
or data dissemination stage.
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Figure S.1a Revision Study
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Figure S.1b Revision Study
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Outlier: In the third quarter 1984 the Revision3-figure appears to be a 'typing error'.
This is not commented in any of the statistical publication. The assumed error has also
repercussions on the same quarter the following years.
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Figure 5.1c Revision Study
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Figure 5.ld differs from the three preceding in content. The purpose of this latter
is to offer a basis for analysing whether successive estimates converge to the definitive
figure, used as a proxy for the 'true' or sought quantity. In order to illustrate this, the
difference between 6 different realizations and the definitive value are recorded (the
ARMA-forecast, the preliminary calculated from equation 5.1, the three revisions
considered, and finally the adjusted value). Three quarters are recorded (the first, that
is 84Ql, the middle, that is 86Ql, and the last included in the present study, that is
87Q4). In addition, the mean of the respective absolute difference for the studied 16
quarters have been included in Figure 5.ld.
From the four above graphs, it is found in relation to our main queries specified
above that:
- On the average, the preliminary series appear to predict the definitive rather
well. However, significant discrepancies are observed for certain quarters (Figure
5.lc).
- The P and S versions of the preliminary series differ markedly from one another
(Figure 5.lc).
- The three trend series show rather similar time paths all being fairly poor
indicators of the sought quantity (Figure 5.la).
- Some of the revisions turn out to generate strong fluctuations (Figure 5.lb).
Generally speaking, it is not possible to verify from graph a - c whether the
successive revisions are better or worse than the preliminary series.
- There is some indication of successive convergence towards the definitive value
(Figure 5.ld).
- Major differences are found between the definitive and adjusted series (Figure
5.lc).
It is not possible to identify any systematic components directly from the graphs
for the various realizations of the GDP variable. In order to study whether the amount
of revision is correlated with the variation in the true (definitive) series, the correlation
between various estimates may be calculated. A related issue refers to the question of
whether there is a tendency for the errors of various estimates to correlate for the same
period? For such identifications, more specialized statistical measures have to be
calculated.
The remaining six national accounts variables have been condensed to include all
the series of one variable in the same diagram as illustrated in the graphs in the following.
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Figure 5.2 Revision Study

Figure 5.3 Revision Study
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Figure 5.4 Revision Study
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Figure 5.5 Revision Study

Outlier second quarter 1984 for the preliminary figure. Turns out to be a 'typing error'.
This is not commented in any of the statistical publications.
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Figure 5.6 Revision Study

Adjusted/smoothed values for SOUle observations because the time pattern in the receipts
of taxes has been changed.
Figure 5.7 Revision Study

A few observations smoothed in order to offer a reasonably comparable time pattern.
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The overall picture outlined for the GDP series presented in Figures 5.1a -- 5.1d
above is repeated for some of the six other variables studied. In relation to the specific
questions above it is found that:
- For all the variables, the preliminary estimates (P and S series) are better
indicators of the definitive series than the trend figures. The trend figures are
especially poor for Private Consumption and Business Investments.
- Not only are there deviations between the trend and preliminary figures on the
one hand, and the definitive and adjusted figures on the other, but the revised
versions also vary from the definitive values, as do definitive and adjusted series.
This picture is especially pronounced for Business Investments, Investments in
Permanent Dwellings and Aggregate Taxes.
- The variability between alternative realizations of the same variable differs from
one aggregate to the other. GDP, Investments in Permanent Dwellings, Taxes, and
Transfers to Households exhibit especially scattered pictures with a considerable
distance between the different n1easures for son1e of the quarters.
- Overall strong fluctuations are observed in Private Consumption, Business
Investments and Taxes, while the others exhibit smoother time paths.
- A number of 'individual outliers' have been observed. These are caused by typing
errors, changed periodicity in the underlying economic processes, and definitional
changes.
The above comments are merely indicative in character. In order to properly
answer the above specified questions, statistical measures have to be calculated. Some
more details about the development of each variable are found in the tables below. The
set covers the following characteristics:
Table
Table
Table
Table
Table
Table

5.2
5.3
5.4
5.5
5.6
5.7

Period averages for all studied measures of the seven variables
Standard deviations for all the considered measures
Mean differences between alternative measures for the variables
Mean absolute differences between the alternative measures
Standard deviations for the differences above
Mean Square Errors for the differences above

The tables also include some statistical measures for data covering the period
1974:1 -- 1977:IV.
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From the previous tables, the following findings relating to the initially specified
questions can be verified:
- The trend figure, as measured by the 10-year average is not as good a forecast
as the preliminary estimate for any of the variables at any of the periods studied,
though in a few instances almost as good. From a separate compilation of the
measures based on Tf and TA trends it is found that some of these are on the
average closer to the definitive values than are the first, preliminary, estimates
(Table 5.4 and 5.5).
- The preliminary estimate calculated by (5.3), alternative S, gives forecasts with
smaller deviations from the definitive figure than the P variant for six of the seven
variables measured by the average absolute difference. For the adjusted value, on
the other hand, the forecasts based on equation (5.1), alternative P, exhibit better
fit. On the average, the S values result in lower growth rates than the respective
P alternatives. For GDP, this difference is of the magnitude 0.6 percentage points
(Tables 5.4 and 5.5).
- The average growth rates are higher, and the variances lower, for the period
1984:1 -- 1987:IV (the 1980s), than for the period 1974:1 -- 1977:IV (the 1970s).
This is true for the variables measured in real terms (GDP, Private Consumption,
Business Investments, and Investments in Permanent Dwellings), while for the
remaining three, expressed in current prices, both the growth rates and the
variances are lower during the 1980s than during the 1970s (Table 5.2 and 5.3).
- The standard deviation (and thus the variance) of the error is large in relation
to the variable variance for most of the series. This difference has increased from
the 1970s to the 1980s (Table 5.6).
The relationship between the variance of the variable and the variance of the
measurement error determines one bias component of the parameter estimates when
OLS estimation is employed. This is further discussed and empirically illustrated in
Chapter 7. Here, we calculate the quantity (relation), defined as in equation (5.4). The
numerical values of this quantity for the periods of study are given in Figure 5.8. The
basic figures for this comparison are taken from Table 5.3 and 5.6.
.
var(P-D)
Relation *100
var(D)

(5.4)
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Figure 5.8 Variance Relation

From Figure 5.8 it can be seen that the quantity (relation) is higher for the studied
period of the 1980s than for the period during the 1970s. For the 1980s this quantity
varies between about 35 and almost 200, meaning that the variance of the error differs
between about one third of the variable variance, up to twice this quantity. The result of
increasing values is caused by the combined effects of decreased variable variance and
increased error variance from the 1970s to the 1980s23 •

Modelling of Revision Patterns
A special test, similar to that by Holden and Peel (1982), has been carried out in order
to consider whether it is at all feasible to use the provisional or early revisions to estimate
true (definitive or adjusted) figures. In this test we study if preliminary estimates are
unbiased indicators of the definitive and adjusted figures, respectively. Thus, we test the
simple linear model:

23 An extreme value of (relation) for the variable Disposable Income (DY) of 865 is
obtained if the series is used without modification. This result is to a very large extent
caused by the outlier (typing error) observed for the second quarter. Provided we impute
the preliminary value for the second quarter with the first revision, we instead obtain the
value 76 for relation Dy, as given in the above Figure.
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~

-

(X

+

PXt

+

€t

(5.5)

where:
Y is the Definitive (D) and the Adjusted (A) measure, respectively, and X stands
for the Preliminary (P) measured by (5.1), Preliminary (S) measured by (5.3), and
the First Revision (R1), respectively.
The results of employing the regression models (5.5) for the definitive series are
given in Table 5.8, and for the adjusted series in Table 5.9. The three different indicators,
P, S, and R1, are thus considered as explanatory variables for each of the seven study
variables. In the columns, paranleter estinlates, standard deviations for the respective
estimates, and a few standard test statistics are given24 • From these tables it is possible
to test the precision and unbiasedness of the provisional series for predicting the final
values. This is done by employing ordinary t-tests for the significance of the estimated a
and ~ coefficients25 •

R 2 stands for the Coefficient of Determination, DW stands for the Durbin-Watson
statistic, and F-value indicates the calculated F, to be compared with the critical F-value
on the 5% level, that is 3.74.
24

25 The traditional test situation is, however, not quite applicable here as it is to be
assumed that the 'independent' variable (X) and the error component (£) are correlated.
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Table 5.8

Modelling of Revision Patterns 1984:1 -- 1987:IV (Definitive)

1!\lillllll'Jli 111_1illliil.lllillliliilliiiilili'filllll-llllI1111Iilllilllli ~lllili 111~'II,I!lili~1
GDP

P

1.12

0.50

0.46

0.14

0.45

1.53

11.39

GDP

S

1.00

0.47

0.64

0.16

0.52

0.84

15.34

GDP

Rl

1.60

0.63

0.31

0.19

0.16

1.51

2.70

PC

P

0.67

0.34

0.82

0.09

0.86

1.71

85.70

PC

S

0.60

0.30

0.89

0.08

0.89

2.06

113.41

PC

R1

0.52

0.26

0.85

0.07

0.92

2.16

151.40

BINV

P

5.56

1.90

0.41

0.24

0.18

0.87

2.98

BINV

S

5.22

1.72

0.50

0.21

0.29

0.75

5.67

BINV

R1

5.36

1.74

0.50

0.22

0.26

0.81

5.02

l-TTNV

P

-0.88

1.58

0.66

0.33

0.22

2.05

3.99

HINV

S

0.64

1.34

0.31

0.27

0.09

1.99

1.31

HINV

R1

0.01

1.49

0.48

0.33

0.13

2.15

2.14

Dy26

P

8.83

1.40

-0.05

0.10

0.02

1.57

0.26

DY

S

8.03

1.62

0.03

0.11

0.00

1.73

0.06

DY

R1

3.96

3.82

0.49

0.41

0.09

1.71

1.42

TAX

P

8.40

2.65

0.24

0.23

0.07

2.10

1.10

TAX

S

4.36

2.92

0.54

0.23

0.29

1.59

10.35

TAX

R1

8.11

2.80

0.26

0.24

0.08

2.01

1.20

TR

P

-0.74

1.53

1.06

0.15

0.78

1.83

49.49

TR

S

-0.33

1.32

1.06

0.14

0.81

1.46

61.56

TR

R1

0.97

1.37

0.90

0.14

0.76

1.46

44.11

R 2 = 0.24, DW

= 2.09,

26

If the outlier (84Q2) is eliminated we obtain:

)1t

= - 1.08 +
(4.54)

1.02 X t
(0.48)

F = 4.48
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Table 5.9

Modelling of Revision Patterns 1984:1 -- 1987:IV (Adjusted)

1IIIIIIIIrllili111111111111111"111111'lllllllllll-,llllllllIIiIIClt1111"'111111111-'1
GDP

P

1.10

0.45

0.59

0.12

0.62

1.82

22.92

GDP

S

1.09

0.46

0.75

0.16

0.61

1.69

21.50

GDP

R1

2.20

0.73

0.21

0.22

0.06

2.32

0.95

PC

P

1.04

0.39

0.76

0.10

0.79

1.02

52.50

PC

S

0.92

0.33

0.84

0.09

0.85

1.43

82.70

PC

R1

0.84

0.30

0.81

0.08

0.88

1.27

106.42

BINV

P

4.17

1.19

0.46

0.15

0.40

1.12

9.23

BINV

S

4.23

1.12

0.45

0.14

0.44

1.26

11.11

BINV

R1

4.42

1.17

0.44

0.15

0.38

1.19

8.52

HINV

p

0.36

1.02

0.48

0.21

0.27

0.94

5.10

HINV

S

0.76

0.70

0.48

0.14

0.44

1.35

11.11

HINV

R1

0.06

0.72

0.65

0.16

0.54

0.86

16.73

DY

P

9.25

0.80

-0.06

0.06

0.08

1.45

1.18

DY

S

8.67

0.96

-0.00

0.07

0.00

1.73

0.06

DY

R1

4.49

2.08

0.47

0.22

0.24

1.64

4.31

TAX

P

8.52

1.75

0.12

0.15

0.05

2.10

1.10

TAX

S

6.29

2.02

0.29

0.16

0.20

2.05

3.44

TAX

R1

8.27

1.85

0.14

0.16

0.06

2.35

0.86

TR

P

-0.26

1.88

1.07

0.18

0.71

1.38

33.70

TR

S

-0.24

1.48

1.12

0.15

0.80

1.03

54.49

TR

R1

1.31

1.59

0.92

0.16

0.71

0.85

34.74

Private Consumption and Transfers are fairly well forecasted, while all the other
variables exhibit large systematic and/or random variations. From the above tables it is
obvious that some of the early estinlates of the national accounts variables are of poor
quality. The definitive figures of Business Investments, Investments in Permanent
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Dwellings, Disposable Income and Taxes are particularly poorly estinlated by the
preliminary figures, as well as by the first revision. The F-values for these regression
functions fall below the critical value of 3.74 (on the 95 per cent level), which means that
the estimated relation is insignificant. Generally speaking, the first revision, Rl, adds only
marginal informative value, if any, to the explanation of the definitive or adjusted values
as compared to the preliminary. In a number of cases the Rl series actually constitute
less accurate forecasts than the prelinlinary series. For the central goal variable GDP, the
Rl series is found to constitute an especially poor indicator of the definitive series as well
as of the adjusted series.
A series of t-tests have been carried out for individual a and ~ coefficients. A
significance level of 95 per cent is used. The following hypotheses are considered:
I:

II:

III:

These tests show that 10 estimated a-coefficients out of 21 are insignificant for the
definitive value, test situation I. The corresponding results for the adjusted series show
6 insignificant a-coefficients. This means that the preliminary and first revisions are more
often biased estimates of the adjusted series than of the definitive series. The conclusion
then is that in the majority of studied cases the estimates are biased. The p-coefficients
are insignificant for 10 of the definitive and 6 of the adjusted series, test situation II.
Further, 9 of the p-coefficients are not significantly far away from 1 for the definitive and
5 for the adjusted series, while all the others are. On the average, the p-coefficients are
below 1, meaning that the preliminary and revised estimates often give too strong
indication of change (over-estimating the change).
In summary, it is found that the infornlation value of the preliminary and revised
figures is weak for all the studied variables except for Private Consumption and Transfers.
The provisional value calculated by (5.3) is on the average a better indicator of D, than
is (5.1). The bias is not stable enough to offer a sound basis for 'mechanical' correction.
This result differs from what was found by Holden and Peel (1982). They conclude that
the early estimates were biased but of significant informative value. More elaborate
correction and adjustment patterns have not been considered here.
A similar regression test on preliminary figures for the period 1974:1 -- 1977:IV is
reported in Tables 5.10 - 5.11. In this case, only the preliminary series calculated with
equation (5.1) are considered, and no revisions are studied.
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Table 5.10

Modelling of Revision Patterns 1974:1 -- 1977:IV (Definitive)
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GDP

0.49

0.37

0.88

0.16

0.69

2.05

30.81

PC

0.49

0.11

0.98

0.03

0.99

1.99

1119.46

BINV

2.08

0.67

1.00

0.09

0.89

2.11

112.49

HINV

2.89

1.04

0.89

0.09

0.87

1.12

95.31

DY

3.12

1.37

0.78

0.09

0.85

1.34

78.16

TAX

5.29

2.19

0.81

0.10

0.82

1.74

65.91

TR

0.70

1.64

1.01

0.07

0.94

1.58

205.09

Table 5.11

Modelling of Revision Patterns 1974:1 -- 1977:IV (Adjusted)
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GDP

1.01

0.48

0.83

0.21

0.53

0.98

16.07

PC

0.50

0.14

0.96

0.04

0.98

1.85

708.65

BINV

2.84

0.88

1.06

0.12

0.84

1.45

74.80

HINV

0.95

1.82

0.61

0.16

0.51

1.10

14.77

DY

2.26

1.43

0.75

0.09

0.83

1.41

66.79

TAX

3.78

2.12

0.87

0.10

0.85

1.94

80.59

-0.25

1.34

0.97

0.06

0.95

2.24

285.36

TR

From Tables 5.10 and 5.11, it can be seen that a significantly better statistical fit
is obtained by using the preliminary figures for 1974:1 -- 1977:IV to estimate definitive
and adjusted series than what we obtained for the 1980s. This is a negative result for the
potential to correct, as there are indications of structural changes in the correction pattern
during the decade under study. Some remaining (positive) auto-correlation is still found
as indicated by the dominantly low Durbin-Watson values. We have' not studied whether
it would be worthwhile to model this process. All p-coefficients are significant for the
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1970s, and all except one of the definitive, cover the value 1, and all but two of the series
for the adjusted values. There is though, a systematic component as the a-coefficients are
significantly far away from zero for 5 of the definitive and 3 of the adjusted series.

Review of Study Results
The discrepancies between preliminary and definitive series can be interpreted as (one
form of) measurenlent errors. Using this approach, it was found that these errors are very
large even for some of the primary economic policy variables like the GDP. It is
furthermore revealed in the tables above that the standard errors of the revisions are
large for many variables.
The informative value of early measurements was specially considered by means
of a regression test. The overall results of this test show rather low informative values for
preliminary series and first revisions. The situation did not improve from the 1970s to
1980s. On the contrary, the fit is better for the studied period 1974:1 -- 1977:IV than for
the period one decade later. The results of the regression test differ from what was found
by Holden and Peel on GDP and Private Consumption in Great Britain. Their results
show more informative value than we find for the 1980s.
The average age (vintage) of presented data was reported in Ekl6f (1982) for the
1970s. It was seen that the delay between the reference period and the availability of
early estimates differs much among variables. The timeliness of the first provisional
estimate has improved slightly (on the average by about two weeks) during the last
decade. In terms of punctuality (if data were released as promised) it is found that about
10 per cent of the preliminary estimates were delayed one week or more, according to
the recorded publication dates of the quarterly National Accounts Reports.
The degree of revision and adjustment did not decrease during the last decade,
neither in magnitude nor in intensity. On the contrary, the level of variability in basic
variables (measured in terms of the definitive series) has been reduced, but corrections
(measured as the difference between any of the provisional realizations and the definitive
series) at the same time increased.
It makes a substantial difference if the preliminary growth rates are estimated in
accordance with equation (5.1) or (5.3). For most variables there is a systematic
component, making the kind of calculations used by SCB, (5.3), on the average lower than
those based entirely on preliminary series. When compared with the definitive or adjusted
figures no clear pattern is found. However, a simple distance measure indicates that on
the average the one calculated by means of (5.1) comes slightly closer to the 'final'
estimates, that is the adjusted series.
'Typing errors' are not rare in the publications, and inconsistencies are rather
frequent. It can be noted that assumed typing errors are very seldom commented in
subsequent reports. Instead, the erroneous figures are simply changed in the next issue
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of the respective publication.
Revisions are presented 5 - 7 times for main Swedish national accounts variables.
Every new quarterly release of an estimate can in principle be changed as new
information is received on an ongoing basis. In order to make the study consistent, we
limited ourselves to a constant number of revisions defined as on page 75 - 76.
The above observed adjustments are in no way unique in an international
comparison. Similar results, or even larger discrepancies are reported for other countries.
For the USA the average level of revision (measured as the absolute difference between
the preliminary and definitive series) in, for example, GDP is measured at 1.5 percentage
points, Young (1987). The comparative figure for Sweden is 1.0 for the period during the
1970s and 1.3 for the 1980s (Table 5.5).
The above analysis has offered some answers to the questions specified at the
beginning of this section. We can now relate our nunlerical results to the error model
(4.3) introduced in Section 4.2. Firstly, it is found that the average of the sub-component
(Dli), relating to pure delays and readjustments, varies from variable to variable. However,
the average is significantly away from zero for almost all variables, when tested on
standard levels of significance (5 per cent). This may be interpreted in terms of a
systematic component in the revision pattern. The variance of (Dli) differs between
variables as well, as shown in Table 5.6, and consequently the same applies to the MSE,
Table 5.7. From Figure 5.8, it is seen that the variance of (Dli) is large in relation to the
variance in the variable for nlany of the studied series. Secondly, we may interpret the
deviation between the Definitive (D) and the Adjusted (A) series in terms of one
component of the quantity (DsD. From Table 5.3 and 5.4 it is seen that the average of
(Ds}) diverges from zero for most variables, meaning that there is a systematic component
in the actual measurenlent and compilation process.
There are a number of issues concerning the use of series of different origin/quality
which may call for further analysis, for example:
- Revisions of variables expressed in constant prices nlay be more significant than
those expressed in current prices because a price deflator has to be employed in
the volume alternative.
- Is the systematic component in the error different in upward and downward
revisions? Such a hypothesis may be advanced from the observation that upward
revisions mainly take place when the economy is improving, and vice versa.
- Directional misses are especially serious, that is errors where the preliminary
figure indicate one direction and the definitive (or the adjusted) figure points in
the opposite direction. It is also particularly important to relate deviations to
special events in the economy. Are there times when misses mean nlore than on
the average? One critical period in this perspective could be just before a peak.
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A few of these questions have been analyzed for some national accounts variables
in USA, Young (1987), and de Leeuw (1990). These aspects could not be included in the
present study because of the limited number of considered variables, and the short time
periods covered by the enlpirical data collected. An additional data collection would have
to be carried out in order to cover these aspects as well. Finally, crucial issues in relation
to the main thenle of our study remain to be answered, for example:

- Is it possible to improve the timeliness of definitive estimates by
increasing the resources to the data processing agency?
- Provided it is possible to improve the timeliness by increased resources, do such
efforts pay in economic terms when compared to alternative uses of resources?
- Given such potentials, should efforts then be directed to reducing various lags
like pure system lag, observation lag, data collection or compilation lag, and
dissemination lag, or to some other phases of the Data Creation Process?
We are not in a position to answer this intricate question in a comprehensive
manner here. The entire processing structure for individual series, and for the system of
national accounts as an entity has to be considered in order to arrive at a firm statement
in this respect.

5.1.2 International Economic Variables
The design of the study on revision patterns in international variables is similar to the one
on the Swedish national accounts series presented above. However, for the international
variables, only one revision is monitored. This revision is defined as the recorded value
the last time the observation appears in the considered digest. In the case of IMF data
this means about 20 months after the end of the reference period, and in the case of
DECD about 12 months. Definitive is defined as the value available in the on-line
database (accessible through the TSDB-interface). The following three variables, all
included in the Swedish Macro Model developed as a part of this project and sketched
in Appendix 2, are considered.
All data points are taken from open sources available in Sweden. The average
publication lag for the considered period is about 3 months for the DECD-variable, and
about 5 months for the IMF-variables.
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Variable 1:
Definition of variable:

Variable 2:
Definition of variable:

Variable 3:
Definition of variable:

World Price Inflation (WP)
The series is taken from International Financial Statistics
(IFS), issued monthly by IMF. It is defined as the weighted
average of prices for all internationally traded goods.
World Trade (Wf)
The series is taken from IFS, see above. It is expressed in
volume terms and weighted by the actual trade structure the
previous year.

Industrial Production in the OECD-region (IP)
The series is taken from the publication Main Economic
Indicators (MEl), issued monthly by OECD. It is expressed
in volume terms and unadjusted.

We focus on similar issues in this study as in the study of Swedish national
accounts variables. This means that the following questions are particularly considered:
- Do the prelinlinary figures constitute good estimates of the final values?
- Does the revised series represent an improvement over the preliminary in terms
of capacity to predict the final figure?
- Do the trend figures in any case give as nluch information as the provisional
estimates?
- Is it possible to improve the preliminary estimates by employing a standard
correction factor or procedure?
- Does it make any difference if the growth rate which are initially estimated is
calculated by equation (5.1) or (5.3) in terms of capacity to predict the final value?
- Does the quality of the early measures differ from one variable to another?
The considered realizations of the three variables are plotted in Figures 5.9 -- 5.11
on the following pages.
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Figure 5.9 Revision Study

Figure 5.10 Revision Study
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Figure 5.11 Revision Study

From the graphs it is found that:
- The trend series are less accurate than the preliminary and revised series.
- The preliminary series derived from (5.1), and (5.3), respectively, exhibit similar
time paths.
- The revised series appear to be improvenlents as compared to the preliminary
data for the three studied series.
- It is not possible to identify any systematic biases in the measured series from the
graphs.
Statistical measures, parallel to the ones reported for the Swedish national
accounts variables, are reported in Tables 5.12 -- 5.17.
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From the above tables it may be verified that:
- The preliminary series are more accurate than any of the trend figures for all the
studied series.
- The revision offers a genuine improvement as compared to the preliminary
series.
- It is not obvious whether the preliminary series calculated by equation (5.1) or
by (5.3) constitutes the better choice.
- The level of errors in the early measurements is substantial for the three
considered international variables.
A similar study as for the Swedish national accounts, using a regression approach,
is reported below. Its purpose is to monitor the predictive capacity of, and to identify
possible biases in the early estimates.

Table 5.18 Modelling of Revision Patterns 1984:1 -- 1987:IV
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wp

P

4.76

1.76

0.39

0.15

0.34

0.81

7.10

wp

S

4.46

1.45

0.44

0.13

0.46

1.01

11.94

wp

R1

5.44

0.85

0.32

0.07

0.63

1.19

23.50

wt

P

0.74

1.11

0.88

0.10

0.85

1.33

81.20

wt

S

0.42

0.91

0.90

0.08

0.90

1.66

129.42

wt

Rl

0.07

0.36

0.95

0.03

0.98

1.29

898.14

ip

P

-0.90

0.38

1.25

0.09

0.93

1.60

196.45

ip

S

-0.57

0.19

1.18

0.04

0.98

2.21

749.38

ip

Rl

-0.33

0.25

1.11

0.06

0.96

0.56

367.44

We can now conclude that:
- Half of the estimated a-coefficients are significant, indicating a bias in the early
estimates when used to predict the respective definitive (final) value.
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- All the estimated ~-coefficients are significant. On the average, the estimated
values are below one.

~

- The preliminary series calculated by (5.3) is the better alternative of the two
considered.
- The revision offers a genuine improvement as compared to the preliminary
series.
In summary, we find from the analysis of the three international variables used in
the Macro Model of Appendix 2 that the magnitude of revision and errors in preliminary
data is at least as serious for these as for the studied Swedish domestic variables. At the
same time, we can note that the revised international series, defined as the last time they
are published in the regular printed reports (MEl for ip, and IFS for wt and wp) are on
the average a proper approximation of the definitive series.

5.2

Data Source Comparison

We have seen that many economic time series are available in different versions:
preliminary, revised and final. These measures may vary significantly and the choice of
empirical measure can seriously effect the analysis of economic phenomena. It has also
been observed in the empirical part of the current study that most central economic series
are available in a number of different computerized on-line databases and related
sources, like on diskettes and CD-ROM. The question we consider below is: Does it
matter which source we use for compiling series to be used in an econometric model of
the Swedish econon1Y?
This study is designed in parallel with the ones on revisions reported above.
However, instead of comparing the same series at different instances of time we here
study the recorded values of studied series in three different databases at a certain
instance of time (May 1990). The considered databases are:
- The IMF time series database presented in IFS
- The OECD time series database presented in MEl
- The Swedish time series database directly through TSDB
All these are accessible through the TSDB service offered by SCB. Both the
OECD and the IMF module are updated monthly at SCB. This means that the same
versions of the databases are available in Sweden as internationally.
The six central Swedish economic variables, all used in the Macro Model, listed
on the next page are considered:
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- Real Gross Domestic Product (GDP)
- Real Private Consumption (pc)
- Gross Investments (inv)
- Export Volume (ex)
- Import Volume (im)
- Consumer Price Index (cpi)
We refer to the earlier discussion on operational measures in Chapter 2. In the
present context, at least specification of the considered series in terms of the following
measurement particulars have to be considered in order to arrive at a comparison of
genuine alternatives:
- Adjusted for seasonality vs. original, unadjusted data
- Adjusted for the nUlTlber of trading days, holidays, etc
- Balancing of residuals
- Current vs. constant prices
- Compensation for time pattern changes (modified reporting procedures, etc)
DECD, as well as IMF, have developed a system of abbreviations in order to
indicate the format of the compiled series. We have utilized this extensively in order to
minimize the risks of inconsistencies. We have tried to utilize directly comparable original
series of level data and then to transform these to growth rates. In two cases, only current
value series were found in the IFS-base. For these series, a transformation to constant
prices was performed prior to the comparison of time trends.
The chosen period of study for the variables is 1973:1 -- 1988:IV27 • This means
that we consider a total of 64 quarterly observations for each variable.
The following specific questions are considered:
- Do we get the same time paths for studied economic quantities, irrespective of
the source used?
- Are there any systematic biases between the realizations of the considered
variables?
- Does the updating pattern differ significantly between the bases, causing
discrepancies in nunlerical values?
- Is the documentation (meta-data) of comparable standard in the three bases?

27 The variable Gross Investments has only been considered for the sub-period 1973:1
-- 1982:IV from the IMF database. This is due to problems of obtaining consistent figures
for the entire period of interest.
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Figure 5.12 Database Comparison

Figure 5.13 Database Comparison
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Figure 5.14 Database Comparison

Figure 5.15 Database Comparison
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Figure 5.16 Database Comparison
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Table 5.19

Arithmetic Means for Studied Variables

\11111111111111111 1111111111illlll! tlllJ,IIII'IIII~111111I11111
GDP

2.06

1.94

1.94

pc

1.79

2.33

1.68

inv

1.55

0.3028

1.27

ex

4.11

5.06

4.02

im

3.43

4.81

3.40

cpi

8.64

8.64

8.67

Table 5.20

Standard Deviations for Variables
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GDP

1.90

1.93

1.93

pc

2.57

3.20

2.61

inv

5.05

ex

6.21

7.81

6.49

im

6.73

9.07

7.27

cpi

2.93

2.83

2.93

Table 5.21

4.88

Correlation between SCB and the International Sources

Illttllllillillll"11111IiiJllf.lliBiIiJII
GDP

0.93

0.78

pc

0.89

0.96
0.96

inv

28

ex

0.76

0.95

im

0.70

0.93

cpi

0.96

0.93

Truncated to cover the period 1973:1 -- 82:IV only.
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A similar regression study as the one in Section 5.1, has also been run for the
relationships between the series in the Swedish source and in the two international bases.
This has been done in the form of a linear regression model expressing the Swedish series
by means of the IMF and DEeD series, respectively, (5.6) and (5.7).
(5.6)
G.7)

Table 5.22

GDP

IMF

GDP

Regression Model for Swedish and International Bases

-0.01

0.13

0.95

0.05

0.87

2.52

413.21

DEeD

0.33

0.22

0.77

0.08

0.61

1.85

95.94

PC

IMF

0.37

0.23

1.10

0.07

0.79

0.59

230.32

PC

DECD

-0.08

0.11

0.98

0.03

0.93

1.93

834.66

INV

IMF

-0.68

0.52

0.57

0.10

0.35

0.64

33.41

INV

DECD

-0.15

0.19

0.92

0.04

0.91

1.87

661.07

EX

IMF

-0.43

1.06

1.32

0.14

0.58

0.71

84.59

EX

DECD

-0.04

0.32

0.99

0.04

0.90

2.93

534.66

1M

IMF

1.75

0.92

0.94

0.12

0.48

1.85

58.02

1M

DECD

-0.04

0.38

1.00

0.05

0.86

2.59

389.77

CPI

IMF

0.68

0.32

0.92

0.04

0.92

1.61

672.19

CPI

DECD

0.66

0.43

0.93

0.05

0.86

1.95

390.31

From the numerical analyses above, it may be concluded that:
- There are certain significant differences in the growth rates, depending on the
database used. Special concern should be given to the export and import series
obtained from the IMF base. The private consumption series in the IMF-base
shows less satisfactory fit as well. In addition, the GDP series in the DECD base
gives rise for concern due to low correlation with the SCB-series.
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- Slightly higher variabilities of variables are obtained from the IMF base than
from the GEeD base.
- No biases between the various measures are found. However, significant
deviations are observed for individual observations, which means that it really
makes a difference from which source the series are compiled.
In the comparative study of data series, it was also found that:
- The updating of the IMF base appears somewhat 'stochastic'. There are signs of
remaining preliminary data for a number of the observations. Especially the data
for the first few years of the observation period give rise for serious concern.
- The available documentation, on-line and in manuals, for the international bases
requires substantial prior knowledge of the user to be really useful. The printed
statistical bulletins have to be frequently accessed in order to understand the exact
definitions of the studied series. In a few cases we found it almost impossible to
find out from the available documentation whether seasonal adjustment and/or
adjustment for the number of trading days was carried out or not on the initially
chosen series in the respective international database.
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6.

SUMMARY AND CONCLUSIONS OF PART I

In this first part of the thesis we have considered various aspects related to production,
dissemination and availability of statistical information.
It is initially observed that the pre-dominant portion of central economic statistics
made available is based on comprehensive and integrated data generation processes.
These processes require the active cooperation between many suppliers of prinlary data,
and also application of extensive compilation procedures. The resulting statistical series
are usually produced by centralized agencies, in Sweden primarily by SCB, and released
to many users for a wide range of uses and numerous specific applications.
The occurrence of many actors in the production process calls for close
coordination, monitoring and quality control. In order to be able to combine inputs from
different sources work has to be based on a consistent conceptual framework. This has
to include basic definitions of observation units, classification schemes, valuation criteria
and methodological techniques to be employed. In the context of central economic
statistics, the national accounts systenl (SNA) constitutes the primary coordinating tool.
Definition and classification of main economic activities and related quantities are
internationally agreed upon. In addition, frailles are required to constitute which
observation units to consider. In Sweden, the constitution of specific frames is by and
large based on the central register of enterprises and establishments (CFAR), maintained
at SCB. Valuation of economic activities is carried out in current as well as constant (real)
domestic monetary units. In order to facilitate international comparisons transformation
to a common currency unit like the SDR (Special Drawing Rights), ECU (European
Currency units), or US dollars is sometimes employed as well:
The contents and format of released central economic tinle series are determined,
on the one hand by specific (domestic) user requirements, and on the other by what is
actually feasible to compute. A third category of demands is given by international
agreements including those of the IMF, United Nations and EC.
The actual quality of aggregate economic statistics is only rarely declared in any
detail. Users are instead by and large left to their own discretion for a more detailed
valuation of the appropriateness of a specific series for a pre-specified purpose.
An attempt is made to sketch a quality declaration system applicable also for
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composite statistics. This is based on a first distinction between the relevance and the
accuracy domain. Relevance is related to the question 'to what extent (how closely) actual
data measure the theoretical quantities sought'. Accuracy in turn is related to 'the total
error of actual measures', that is a function of basically the precision and bias of obtained
estimates. From studies conducted at Statistics Sweden it is found that accuracy is
generally found to be a larger problem than relevance is. Under the relevance domain,
main concern is raised as to timeliness and comparability of statistics over time.
Accuracy of data is further considered in some detail. The accuracy of composite
statistical data is a consequence of the quality in primary nleasures and the
appropriateness of the employed model, as well as of the quality in the compilation
process. This can be specified in relation to various sources or types of error. Basically,
we consider the two categories sampling and non-sampling errors in this context. Levels
of sampling error are sometimes specified, at least for prinlary variables, while effects of
non-sanlpling errors are less straight-forward and easy to specify. Thus, analytically based
measures of total errors are not easy to perform, generally speaking. The underlying
difficulty here is that it is not always (seldom) possible to define a 'true' figure for an
economic variable. Instead, we have to merely rely on various indicative measures based
on empirically observed discrepancies between, for example, alternative realizations of the
same quantity or theoretical variable. One approach in this context is to focus on revision
or correction patterns. The total amount of revision/correction is then taken as a measure
of (one component of) the data error29 • Some further insight about error levels in
national accounts aggregates may also be obtained from residual analyses and from
calibration with independently obtained estimates. These latter two alternatives are,
though, not further explored in the present work.
For the purpose of analyzing the quality of data in central econonlic statistics an
error model is devised, composed of error components directly related to the overall
reasoning in Part I. The revision process may be seen as an indicator of one of these
components.
In Chapter 5, three studies in order to capture indicators of possible errors in data
are conducted. The first study takes the fornl of a revision or correction pattern analysis
covering 7 Swedish economic variables. For these series, a number of estimates are
presented in sequence including preliminary, a few revisions, definitive and eventually
adjusted figures. The reason for reporting successively revised estimates of the same
quantity is that many users require early signals of the performance of the economy.
However, short after the reference period only rough estimates may as a rule be
produced due to resource constraints and plain physical reasons. Efforts to speed up
production of definitive figures are generally costly as indicated in Section 2.4. In some

29 From this, it is however not possible to infer that time series without revisions are
overall of good quality. It is quite possible (and even the case in practice) that figures
labelled as definitive are of doubtful quality.

119
instances it may not even be technically feasible to provide accurate estimates until some
time after the reference period. Thus, deviations between successively updated estimates
of a quantity may be related to the fact that more information is obtained in a stepwise
fashion. Another reason for deviations may be that the quality control system reacted to
a possible error only after the initial release.
In the revision pattern study, the definitive and adjusted figures, respectively, are
taken as standard of comparison. It has to be noted, though, that we do not know for sure
to what extent these realizations constitute good approximations or not of the true
quantities sought.
The second study is parallel to the first one in the sense that revision patterns are
considered. However, in this latter, quarterly data for 3 international variables are
considered during a five year period.
In the two revision studies the aim has been to detect levels, structure and
development over time of revision patterns. Fronl the studies it is observed that:
- The amount of revision varies from variable to variable. However, in most cases
it is observed that variations are large in relation to the respective means.
Systematic30 as well as stochastic parts are detected. It is, though, not possible
to model the revision pattern of the Swedish variables to any major extent as the
systematic component turns out to change over time.
- The level of revision in Swedish economic series has not decreased fronl the mid1970s to the mid-1980s. On the contrary, it has increased for the majority of
variables considered.
- Highly different descriptions of the development of the Swedish economy are
obtained depending on which realization, or combination of realizations, is utilized
for this purpose.
- The observed levels of correction are found to be large, especially for the
considered period during the 1980s. However, in comparison with results from
similar studies of England and USA, they are not outstanding.
- The considered international variables exhibit similar levels of revisions as do the
Swedish. However, for the international variables clear convergence properties are
observed. The revised figures on the whole are closer to the final figures than are
the preliminary estimates. Observed revision patterns may also be used to estimate

30 The concept systematic is here used to indicate that the mean of the distance
deviates fronl zero, while the concept stochastic constitutes a measure of the irregular
variation of the distance between the value of the 'final' and any provisional observation.
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final figures from preliminary or revised ones.
The observed errors in terms of deviations between preliminary and definitive
estimates are used in Part II as indications of one error component. They are taken as
proxy measures of data errors. It has to be observed, though, that they should merely be
seen as estimates of one error component in the context of early estimates, as indicated
by the quality model of Chapter 4.
In the third study, quarterly figures on 6 Swedish central economic variables during
a 16 year period as recorded in three different databases are compared. This study is
performed in order to illustrate possible deviations in estimates between available data
sources. Such deviations may, for exanlple, be caused by differences in source nlaterial
as well as in reporting or updating routines. It is observed that values actually vary from
one database to the other. In general, the IMF database exhibits trends which deviate
markedly from those found in the other two bases. One reason for this may be that
updating is neglected in the IMF-base. The results of this third study clearly indicate that
users have to be careful concerning where to capture data for analysis and planning
purposes.
A standing government commission for quality of statistics has been established
in USA. This commission has the role and authority to initiate quality nl0nitoring studies
for various statistics and production steps. For national accounts statistics, the Bureau of
Economic Analysis (BEA) has been given the responsibility to submit revision analyses
at regular intervals, and propose improvements in the production system for central
economic statistics. No similar system for formalized quality monitoring activities exists
in Sweden at present.
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PART TWO

EFFECTS OF INACCURATE DATA IN
MODELLING AND PLANNING
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In this second part of the thesis we consider sonle effects of inaccurate data in
econometric modelling, and model-based analysis. Deviations between preliminary and
definitive series observed and documented in Chapter 5 are throughout used as
indications of levels of deviation and inaccuracy for central economic variables.
In Chapter 7, sonle effects in the modelling stage are discussed. Initially, reference
is given to the form of the bias term caused by inexact explanatory data for the entire
observation period in the two variable case using OLS-estimation. The situation studied
in the present research is characterized by the existence of accurate data for the dominant
part of the observation period, except the last few periods, when only provisional
estimates are available. To consider this specific case, numerical simulations are relied on.
A sinlple study of the behavior of parameter estimates in two of the relations of the
Macro Model, introduced in Appendix 2, are considered. The biases and the random
components associated with preliminary estimates recorded in Part I are directly used as
input in the following studies.
Many economic systenls are exposed to structural changes. The needs and
techniques for testing possible structural change are widely discussed, see for example
Hackl and Westlund (1989, 1991). Many econometric models used for operational
purposes are re-estimated at certain intervals, primarily as a consequence of new data
being made available. Also in conjunction with re-estimation, tests of structural stability
may be carried out in order to detect possible signs of changes in the underlying economic
structure. In Chapter 8, tests of structural stability in two of the relations from the Macro
Model are initially conducted. The main proportion of this chapter is devoted to a special
study of effects of inaccurate data for tests of structural stability. In these latter studies
two test statistics which are commonly utilized, the CUSUMSQ and the MOSUMSQ, are
employed. The same two relations of the Macro Model as above and the same levels of
inaccuracy in data, that is as recorded in Chapter 5, are used also for the latter study. The
purpose of the stability analysis is to consider whether the existence of inexact data in the
last few observations of the estimation period, resulting fronl a combination of definitive
and provisional figures, may incorrectly indicate structural change. The following
hypothesis is thus considered: The result of the test statistics for structural change is
affected by inaccuracy in data for part of the estinlation period leading to false refusals
of the assumption of structural stability.
Next, uses of econometric models for policy analysis and planning are considered.
Also in this context, possible effects of inaccurate data constitute the central research
theme. The starting point is taken also here in the simple two-variable model. From this,
simplified situation, more realistic assumptions are introduced leading to a case with a
system of interdependent relations. The analysis is based on the planning framework
introduced in Appendix 1. This means that an optimal control approach is followed in
order to arrive at a one-dimensional criterion to be used for comparison. Some baseline
calculations on the entire Macro Model are presented in Chapter 9. In Chapter 10, effects
of inaccurate data used as starting values for the planning exercise are considered. The
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deviations which are actually used and error levels in this context are taken directly from
the observed biases and random components in the first Part of the thesis.
In Chapter 11, a structure for a Cost/Benefit model is sketched. The purpose of
this is to constitute a criterion for comparing the value of data from the users' perspective
of varying quality. Such a model may be used as supporting background information in
order to decide on how much resources should be allocated to data production activities,
as well as which production stages to concentrate resources on. The cost/quality discussion
in Part I, and the effect studies considered in the proceeding chapters of Part II are to
be seen as input for formulating such a criterion. Thus, in Chapter 11 an attenlpt is made
to join cost and benefit information into a coherent structure possible to use for valuation
and priority setting.
The main findings of Part II are summarized in Chapter 12.
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7.

EFFECTS OF DATA ERRORS
ON PARAMETER ESTIMATES

In this Chapter, effects on parameter estimates in an econometric model of errors in
input data are considered. In the first section, asymptotic results for the simple two
variable situation are presented, while in Section 2, a simulation study concerning effects
of errors in one or more explanatory variables for part of the estimation period is
presented. This simulation is designed in order to directly illustrate effects in the
parameter estimation stage of combining definitive and preliminary observations in the
same time series, that is exactly the same situation as discussed in Part I. In the
simulation, OLS-estimation is used. In order to also illustrate effects of errors in data in
an interdependent system, a special run of the entire Macro Model, Appendix 2, is
carried out.

7.1

Measurement Errors in Estimation

Effects of measurement errors in the estimation stage are traditionally mentioned in
econometrics text-books. Special sections on the topic are found in some of the commonly
referred literature, for example in Dhrymes (1978), and Harvey (1981). The primary focus
in this context is on the use of proxy variables for measuring un-observable phenomena,
while less stress is given to errors generated through the measurement process per se.
The two-variable case (often illustrated with Friedman's permanent income example) is
taken as a standard for illustrating the danger of relying on explanatory series exhibiting
errors. Also the more general case with more than one variable affected by measurement
errors, and some correctly measured is covered in Dhrymes while other textbooks limit
the treatment to merely the two-variable case. A more comprehensive treatment of
effects of measurement errors in econometrics estimation in given in Fuller (1987), where
errors in data constitute the main theme of study.
Measurement errors in the explanatory variables lead to biased as well as
inconsistent estimates when OLS-techniques are used. The estimated ~-coefficients will
exhibit a negative bias, that is show lower values than the true parameters. In the twovariable case the relationship between the actually obtained parameter estimate (~) and
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the true parameter (J}) is of the form:

plim~ 1 + (
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= variance of the measurement error in X, and

= variance of the true X values.

Here, it is assumed that instead of X we possess observations on X·, where
for t

= 1,

T

This means that the bias is a function of the relation between the variance of the
true X-variable and the variance of the measurement error.
As has been shown above, almost all economic variables are affected by
measurement errors. Alternative estinlation approaches in this situation include the use
of instrument variables, or estimating the model by means of Maximum Likelihood
Methods. Provided the relation between the two variances above is known, it is possible
to correct for the bias generated when using OLS. This is, however, not always a realistic
assumption in practice.
Analytical results for effects of data errors in the more general situation are not
entirely straightforward. Especially the small sample properties are less well known.
Effects, when only the last few observations in a time series are affected by measurement
errors, are not documented in a systematic way' as far as is known to the author. The
same refers to effects when system techniques are used for estimation of interdependent
models.

7.2

A Simulation Study of Effects on Parameter Estimates

Errors in the explanatory variables are serious in least squares estimation as the basic
assumptions of fixed X-variables and independence between X and e are violated. In
general, this causes the ~-coefficients to be biased (negative). The standard asymptotic
result for the relation between the correct J}-coefficient and the one estimated in the
presence of measurement errors in the two variable case was given in equation (7.1). The
bias is expressed in terms of the relation between variable variance and the variance of
the measurement error. This quantity was measured (by the revision process) in Section
5.1 for a few of the considered variables.
However, in our study we assume that the explanatory variables are properly
measured for all periods except the most recent ones. The estimation of the bias
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component of the Il-coefficients becomes more complicated in this situation31 in the
multi-variable case, see Fuller (1987).
Thus, instead of an analytical solution we conduct a simulation study for two of the
relations of the Macro Model introduced in Appendix 2, that is relation 5 (GDP) and
relation 9 (export volume). The study is designed as follows:

A: The parameter estimates obtained from OLS-estimation, and based on actual
data for the entire observation period (1973:1 -- 1987:IV)32 of all included variables
(definitive values in accordance with Section 5.1) are taken as the base case situation. The
following estimated relations are obtained for the two considered relations 33 :
5. Change in Real Gross Domestic Product (GDP)
9t

=

0.301 Yt-1 + 0.514 e t - 0.203
(0.094)
(0.088)
(0.286)

R 2 = 0.52

DW

= 2.00 Durbin-H = 0.04

(7.2)

a = 1.40

where:
Yt
= GDP period t
Yt-1
= GDP previous period (one period lag). This quantity is considered
exogenous and correctly measured in the present study.
=
Effective total demand34
et
R 2 stands for the Coefficient of Determination

31 It is, though, easily shown that the asymptotic result for the bias of the estimated
~-coefficient in the two-variable case, when merely a fraction (k) of the X-observations

possesses measurement errors, is directly related to equation (7.1) above, and oftbe form:
plim~
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32 The quarterly observations from 1988 are excluded in this test because no definitive
values were available for 1988 at the time of estimation.
33 The parameter estinlates in equation (7.2) and (7.3) differ slightly from those
presented in Appendix 2 for the same relations. This is due to the fact that single relation
estimation (OLS) is employed here, and the estimation period cut.
34 This is the sum of private consumption (pc), investments in machinery (i),
investments in permanent dwellings (h), public sector consumption (od) and exports (ex)
all expressed in relative four quarter differences, that is: e t = pCt + it + ht + odt + eXt.
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DW stands for the Durbin-Watson value (indication of auto-correlation)
Durbin-H is an alternative measure of auto-correlation in the case of a lagged
dependent variable
a is the residual standard deviation.
9. Change in Export Volume
eXt = 0.016 expt - 0.549 vxt + 0.166 wtt + 0.596 iPt (0.087)
(0.153)
(0.093)
(0.162)
- 0.069 WPt-l + 1.733
(0.338)
(1.802)

R 2 = 0.51

(7.3)

DW = 1.77

a=

4.90

where:
eXt
= export volume period t
expt = export price index period t
vxt
= rate of exchange of the SEK
wtt
= volume of world trade period t
iPt
= industrial production in the DECD region
WPt
= trade-weighted world price index
All variables are expressed in four quarter relative differences, that is in annual
growth rates. More detailed descriptions of the used data-sets and rationale behind the
chosen model structure are given in Appendix 2. The explanatory power of these two
relations considered in isolation is not particularly good, as illustrated by the low R 2
values.
B: Measurement errors are introduced in one explanatory variable in relation 5 (e t)
and two explanatory variables in relation 9 (iPt), and (WPt-l). This is made by creating the
respective x-variable with measurement error (xerr) from the following relationship
(7.4)

t~rm

where Xdef is the definitive value for the respective observation, and i a disturbance
assumed nornlally distributed with mean (m) and standard deviation ( (J). The means
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and standard deviations for e are taken from Section 5.1 35 (see Table 7.1).

c: Values for i

to generate Xerr are taken from Section 5.1.1, see Table 7.1. Here
we assume that the last 16 quarters of the estimation period, 1984:1 -- 1987:IV are
exposed to provisional observations, while the first 44 are definitive.
Table 7.1

Introduced Disturbances (values for i and Xvar)

Variable

Mean (i)

et

1.98
-0.98
2.36

iPt
WPt-l

Standard
deviation (Xyar)

3.72
2.87
2.03

Mean (Xyar)

ovar

a2err / a2var

3.16
3.74
9.35

1.25
2.83
1.67

8.85
1.03
1.48

D: Parameter estimates are calculated with OLS techniques for the two relations
using the combination of actual and inexact observations defined above. Five independent
rounds with 1000 replicates each are constituted for each of the studied relations. Five
rounds have been sinlulated in order to study the robustness properties of the simulation
results.

E: The average ~ -coefficients and standard deviations of estimated coefficients for
each round are calculated. The results based on 5000 iterations are summarized in Table
7.2, below.

35 The mean and standard deviation for (e) are compiled specially because this
variable was not considered separately in Section 5.1. These quantities are estimated by
taking the variabilities of the sub-aggregates constituting (e) into consideration.
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Table 7.2
Variable

Alternative Parameter Estimates (simulation results)
Definitive
Coefficient std( ~t)

Relation S (GDP)
GDPt_1
0.301
et
0.514
0.203
Intercept
Relation 9 (Export volume)
0.016
expt
-0.549
vxt
wt t
0.166
0.596
iPt
-0.069
WPt-l
Intercept
1.733

Preliminary
Coefficient std(simulation)

0.094
0.088
0.286

0.401
0.268*
0.690

0.033
0.062
0.113

0.087
0.153
0.093
0.162
0.338
1.802

0.010
-0.466
0.149
0.420
-0.067
2.312

0.012
0.016
0.014
0.045
0.082
0.097

* Significantly different on the 5% level measured with t-test, as compared to the
estimate based on definitive data throughout.

From this simulation test it is clearly illustrated that the effects of measurement
errors even in just a few periods and explanatory variables are still considerable. The
parameter coefficients exhibit negative bias for all three variables with errors in data
(preliminary figures used).
The difference is most marked for the coefficient of effective demand (e) in the
GDP-relation (significant on the 5% level. The estimated coefficient in the situation with
measurement error is just about half that obtained when the true (definitive) values are
used throughout the estimation period. In the export relation, industrial production in the
GEeD region (ip) also exhibits a considerably lower estimate, while the difference
between the coefficient based on exact and preliminary in the case of world price index
(wp) is marginal. The stability of the simulation results is good.
The above results may be compared with the analytical limiting result derived from
equation (7.1). The variance relation, see equation (5.4), as reproduced in Table 7.1 is for
(e) 885, for (ip) 103, and for (wp) 148. Provided we use these results to derive asymptotic
results (assuming all observations for the respective explanatory variables are measured
with similar error margins) we obtain the following relation between the parameter
estimated based on OLS and true parameter36 :

36

Equation (7.1), however, applies to the two-variable situation only.
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Correcting for the fraction of observations with measurement errors (provisional
data), being 27% (16 out of 60) in our situation, the following asymptotic relationships
may be calculated:

The parameters are estimated with 2SLS, throughout, in the interdependent Macro
Model. As seen above, the obtained parameter estimates from Appendix 2 differ from
those obtained with OLS here, for relation 5 and 9. This is inter alia due to
interdependencies in the system, but also a result of slight differences in the structural
form of relation 9.
No simulation in line with what is reported above has been carried out for the
entire system. However, the model has been estimated based on preliminary data for the
last 16 quarters in the three variables above. This test results in the following estimates
for relation 5 and 9 based of the structural fornl employed in Appendix 2.

Table 7.3

Alternative Parameter Estimates (System model, 2SLS)

Variable

Definitive
Coefficient std(Pt)

Preliminary
Coefficient std(Pt)

Relation S (GDP)

GDPt _1
et
Intercept

0.299
0.509
0.207

Relation 9 (Export Volume)
expt
-0.212
expt-l
0.288
vxt
-0.622
wtt
0.160
iPt
0.671
WPt
-0.412
Intercept
4.684

0.092
0.086
0.277

0.432
0.171 *
0.608

0.104
0.065
0.324

0.137
0.108
0.157
0.091
0.150
0.323
3.622

-0.086
0.149
-0.575
0.146
0.709
0.024
-0.285

0.146
0.117
0.163
0.097
0.163
0.354
4.238

• Significantly different on the 5% level when compared with the estimate based
on definitive data for all periods.
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The results presented in Figure 7.3 are based on a simple comparison of
parameter estimates obtained when definitive observations are used throughout vs. the
inclusion of provisional observations for (e), (ip), and (wp) the last 16 quarters. From the
study, it is found that one of the parameter estimates (effective demand, e) is significantly
changed as a result of using preliminary and revised instead of definiti:ve data for the last
16 periods. The other two estimated parameters associated with a variable exposed to
errors in data, are still within the confidence level on the 5 per cent significance limits.
It may be noted that the parameter estimate for world price (wp) is much smaller than
the one obtained in the case of definitive data for all periods. The precision of this
estimate is, however, very low resulting in a wide confidence interval.
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8.

TESTING FOR STRUCTURAL VARIABILITY
IN THE CASE OF INACCURATE DATA

Structural variability is caused by changed causal relationships in the economic system
under study. In the following, we consider possible structural changes in the Swedish
economy based on an analysis of two of the relations in the Macro Model presented in
Appendix 2. The same relations as considered in Chapter 7 are chosen also here.
In the first section, two test statistics CUSUMSQ and MOSUMSQ are briefly
introduced and utilized for a straightforward testing of possible structural change. In the
next three sections, effects of inaccurate data, when testing for structural change, are
considered. This is carried out in the form of a simulation study. The same test statistics
as initially introduced (that is CUSUMSQ and MOSUMSQ) are used also in this
simulation test.
The overall design of the numerical simulation study is described in Section 8.2,
while the results are presented in Section 8.3. In the final section, a few conclusions from
the simulation study are summarized.

8.1

Structural Variability: Consequences and Tests

Indications of structural change in the Swedish economy were found already when
estimating the initial model. This was considered in an exercise to compare parameter
estimates based on alternative time periods, Ekl6f & Lundberg (1981). In Appendix 2,
Section 3.4 of that report, observed differences in parameter estimates between the two
time periods are commented. As is seen from the presented results, the structural
relationships appear to have changed in a number of relations for certain variables.
It is not relevant to compare the parameter estimates between the two model
realizations above per se37 • The split into two overlapping time periods employed here
is not made from any theoretical grounds, but is merely the result of the sequencing of

37 That is the initially chosen period 1963:1 -- 77:IV, and the period on which the
renewed estimates are based, that is 1973:1 -- 88:IV.
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the project work.
A few alternatives can be enlployed to study the existence of possible structural
change, for example:
- Estimate the model for the entire period, and test for parameter variability.
- Test within each sub-period (initial and renewed estimation) for possible
parameter variability.
Here we estimate the system for the entire period 1963:1 -- 1988:IV based on old
figures for the sub-period 1973 - 1977 as well as new figures (see Appendix 2, Section
3.3). In addition, we estimate the model for the two periods separately. The tests are
carried out individually for two of the relations.
A nU1Tlber of test statistics have been developed for identifying structural change.
For a survey of common techniques see Hackl and Westlund (1991).
Two test statistics based on analysis of the recursive residuals obtained from
estimating the parameters with Recursive Least Squares are considered, that is the
CUSUMSQ (based on cumulative sums of squared residuals) and MOSUMSQ (based on
moving sums of squared residuals). These tests, based on a single equation framework,
are described in some detail in, for example, Westlund and Tornkvist (1985). In the
following, we merely specify the employed calculation formulas.
The residuals, Wt, are estimated recursively according to the following formula:

(8.1)

where:
(8.2)

and
St -

(

1 + x~ (~-1 X t _1 )-1

X t )112

(8.3)

The CUSUMSQ test statistic (CSt) is estimated from the following formula:
t

CSt -

L
r-k+1

T

w; / L w; ,

t - k+1 ,....., T.

r-k+1

The MOSUMSQ test statistic (MQt) is estimated as follows:

(8.4)
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MQt - (

t-G

L

r-t-G+1

where t

w; / [L w;
r-k+1

=

k+ 1,

T

+

L
r-t+1

w; ]) * ([T-k-G] / G ) ,

(8.5)

,T

T is the number of periods considered, k the number of estimated parameters, and
G stands for the number of residuals in the moving sum. In the calculations below we use
a moving sum of 5 and 10 quarters, respectively, that is G = 5 and G = 10.
CSt follows the Beta-distribution under the null-hypothesis (assuming stability over
time, that is constant mean and variance of residuals) with mean (r-k)/(T-k). This suggests
drawing a pair of lines with CSt = ± Co + (r-k)/(T-k), constituting the critical limits for
the test. The critical value for Co on various significance levels can be found from Durbin
(1969).
Under the null-hypothesis, MQt is distributed approximately as the F-distribution
with G and T-k-G degrees of freedom, respectively.

Table 8.1

Period/Alternative

Structural Stability Tests

Test results based on
MOSUMSQ(10)
RELATION CUSUMSQ MOSUMSQ(5)

1973:1 -- 1988:IV
1963:1 -- 1977:IV
63:1 -- 88:IV (old data)
63:1 -- 88:IV (new data)

5
9
5
9
5
9
5
9

No change
No change
No change
No change
Change
No change
No change
No change

No
No
No
No
No
No
No
No

change
change
change
change
change
change
change
change

No change
No change
No change
No change
Change
No change
No change
No change

The above results are based on a significance level of 5 per cent. No structural
change is identified from the CUSUMSQ or the MOSUMSQ, except for the alternative
when the entire period 1963:1 -- 1988:IV is estimated using old data for the sub-period
1973:1 -- 1977:IV. This result may be interpreted in terms of effects from the preliminary
observations used for this sub-period. The MOSUMSQ-test gives no reason for rejecting
the null-hypothesis when using a n10ving average (G) of length 5 periods for smoothing.
From the above tests, it is found that the hypothesis of no structural change was
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rejected only in the situation characterized by a combination of definitive and preliminary
data (preliminary data utilized in the middle) of the extended estimation period. This
points at another possible consequence of errors in data, that is to signal structural
change, irrespective of possible changes in the system considered. This aspect will be
further considered in the next sections based on a slightly more general framework.
No analytical results are available on possible effects of measurement errors when
testing for structural change, as far as is known to the author. Here we restrict the scope
by conducting a simulation study for this purpose. This certainly limits the possibilities to
draw general conclusions. However, for the present model and available data we expect
to obtain some insight concerning effects of measurement errors while testing for
structural variability. The design of the simulation application is presented in the next
section. Main results are reported in Section 8.3, and conclusions presented in Section 8.4.

8.2

Design of the Simulation Study

There is a great interest for stability issues among economists. However, even in benign
cases, stability aspects are complicated to consider. Our interest here is limited to possible
effects of errors in data in this context.
The purpose of the following study is to analyze consequences of inexact data on
the identification of possible parameter variability. The interest is fqcused on the situation
with preliminary data used for updating an econometric model. This situation constitutes
one of the error sources discussed in Appendix 1. The systematic and stochastic
conlponents associated with provisional data, as recorded in Section 5.1, are used in the
following.
The situation considered is similar to that common in practice with a model which
is updated annually. At least the last 8 - 12 quarters in such an exercise are due to be
represented by merely provisional data, as shown in Section 5.1. The reason for early updating of such a model in spite of availability to nlerely inexact data is certainly to include
as recent observations as possible in order to, for example, be in a position to identify
structural change. At the same time, this strategy may lead to false indications of
structural change, as shown in the following. The only alternative exhibiting structural
change was relation 5 when estimated for the entire period based on initial (preliminary)
data for the sub-period 1973 -- 1977.
In the following, a simulation study specially designed to consider this interaction
is carried out. A simulation approach has been chosen because we do not expect to find
analytical results for anything but asymptotic situations. Such results are not sufficient, as
the small sample properties are at focus in cases considered to be relevant here.
We do not use the entire econometric model of Appendix 2 in this simulation
exercise, as there are no well established tests for simultaneous equations. Instead we
focus on merely two individual relations of the Macro Model.
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The overall design of the simulation study is as follows:
A: Two different relations from the re-estimated version of the Swedish macro

model are utilized, that is relation 5 (Gross Domestic Product) and relation 9 (Export
Volume), see equation (7.2) and (7.3)38. The relations are studied individually, in a
single equation framework. The starting point is taken in the OLS-version of each
equation. The estimation period in this simulation study is (1973:1 -- 87:IV). This nleans
that 60 quarters are included, or one year less than for the original estimation in the
system modelling exercise.
B: Original parameter estimates for the respective relation and values for
explanatory variables are taken from the actual performance during the observation
period.

c: In total five alternatives are considered. These are: (1) no structural change, (2)
moderate, and (3) substantial structural change at the middle of the estimation period,
respectively, and (4) moderate, and (5) substantial structural change towards the end of
the estimation period. 1000 replicates are generated for each simulation alternative. In
addition, we also use the antithetic variable of each simulation run to calculate the
considered test statistics.
D: Two sets of data are generated: one based on adjusted figures for the entire

period, and the other on adjusted data for the first 44 quarters, and provisional data for
the remaining 16. Errors in data are introduced for the same explanatory variables as in
Section 7.2, that is for (e) in relation 5, and for (ip) and (wp) in relation 9.
E: The CUSUMSQ and MOSUMSQ test statistics as defined in Section 8.1 are
used for the determination of possible structural change.
A computer program written in Gauss, version 2.0, has been developed for the
study. It is conlposed of three steps, handling the following tasks:
- Generation of simulated y-values
- Estimation of recursive residuals
- Estimation of test statistics and testing
38 These are the same versions of the model as utilized in Section 7.2. The estimated
parameters differ from those reported in Appendix 2. This is due to the fact that OLStechniques are employed here, as opposed to the 2SLS estimation of the simultaneous
model used in Appendix 2. Further, the estimation period chosen here is 1973:1 -- 87:IV,
that is the four quarterly observations of 1988 have been excluded because no definitive
estimates were available at the time of this modelling exercise.

138
These steps are presented in sequence in the following.

Generation of Simulated Y-Values
The estimated relations presented in equation (7.2) and (7.3) are taken as the starting
point for the simulation study. For the considered relations, sequences of Y-values are
derived using the actually estimated variance for the error term (normally distributed
errors are assumed).
The random variates are drawn with the built in function (rndn) for normally
distributed random numbers. At the same time as the original y value is calculated, also
the antithetic value (the one obtained when using the observed random number
multiplied by -1) is generated. The considered quantities based on the original y-estimate
and its antithetic counterpart are correlated strongly negatively (almost -1), and thus the
precision of the simulation study is improved by this technique.
The following alternatives are specified and empirically studied in the present
simulation exercise:
1 = no structural change in parameters
2 = moderate structural change (10%) in nliddle of period, at t* = 33
3 = substantial structural change (100%) in middle of period, at t· = 33
4 = moderate structural change at end of period, at t* = 53
5 = substantial structural change at end of period, at t* = 53
Many other alternatives, representing specific patterns of structural change, may
be of interest to consider. However, the present study is designed to concentrate on a
limited number of aspects. For each relation the analysis is limited to structural changes
associated with one explanatory variable, that is (e) in equation 5 and (ip) in equation 9.
The following numerical values are defined for parameter estimates exhibiting structural
change.
Table 8.2
Variable

Parameter Variations Introduced
Base case
(alternative 1)

(Relation 5) 0.514
(Relation 9) 0.596

Moderate change
(alt. 2 and 4)
(+ 10%)

0.565
0.656

Substantial change
(alt. 3 and 5)
(+ 100%)

1.028
1.192
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The overall structure of the obtained Y-series is illustrated in Figure 8.1 and 8.2.
The plotted series are averages based on 1000 replicates for the respective alternative.
This means that for individual runs the series vary much more than is illustrated in the
two graphs. Observe that alternative 3 generates the strongest deviations from the base
case (that is from alternative 1). For relation 5, alternative 2 - 5 all generate systematically
higher GDP values than obtained in the base case. For relation 9, the situation is slightly
more mixed, even though figures above the base case dominate also here.
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Figure 8.2
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Estimation of Recursive Residuals
Based on the generated Y-vectors, recursive residuals (wt) are calculated. These are
estimated in accordance with equation (8.1). Two different X-matrices as indicated above
are used. The first represents the situation with definitive data for the entire estimation
period. The second X-matrix contains provisional observations the last 16 periods for one
(two) variables is used to generate a second set of (wt) for each comparison. Preliminary
data were introduced for e t (relation 5), and iPt and WPt-l (relation 9).
The output of this operation is two matrices of recursive residuals (standardized
one step ahead prediction errors), one for the situation with definitive data throughout,
and one where prelinlinary data have been used for the last 16 periods. This latter
alternative conforms to the situation when an econometric model is updated, taking into
account the nl0st recent information available. With this design we arrive at two different
simulations to be conlpared for each alternative 1 - 5 above. These variations are labelled:
A = Adjusted (definitive) data during the entire period for the X-variables
B = Preliminary data for one (two) of the X-variables during the last 16 quarters
(4 years)
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Table 8.3

Considered Alternatives

Data\
Structural
Change

No Struct.
change

Moderate change
in middle

Substantial
change in
middle

Moderate
change at
end

Substantial
change at
end

Definitive

1A

2A

3A

4A

SA

Preliminary

1B

2B

3B

4B

5B

Figures 8.3 -- 8.5 illustrate the trends obtained for the three series with prelinlinary
data. It is seen that the 16 preliminary observations generate strong fluctuations in all the
considered variables. Especially the world price series exhibits very strong fluctuations,
much stronger than does the definitive series.
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Figure 8.4
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Figure 8.5
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Test Statistics
The CUSUMSQ test statistic is estimated from the recursive residuals based on equation
(8.4).
The result in terms of observations outside the acceptance region are recorded,
and the percentage of runs with one or more significant residuals calculated. Each
individual simulation alternative reported below is based on 1000 + 1000 replicates
(random numbers and the antithetic) used. With the chosen design, we obtain 10 test
sequences for each relation.
We disregard the fact that the lagged dependent variable is included on the right
hand side in the GDP relation. The lagged GDP is just considered as an explanatory
variable measured without errors. This in term should result in an underestimate of the
effect of measurement errors in explanatory variables.
Values for the generation of observations with measurement errors are taken as
those actually available in the first quarter of 1988. This means that they constitute a
cornbination of preliminary and revised values for the 16 quarters of the period 1984:1 -87:IV, as discussed in Chapter 5. It should be observed that all variables are defined as
four quarter relative change, meaning that the relations are expressed in terms of growth
rates.
For illustration, a typical pattern of CUSUMSQ for equation 5 is represented in
Figure 8.6. Four sequences have been recorded, and the acceptance regions marked.
Figure 8.6
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From Figure 8.6 it is seen that one of the simulated sequences touches the lower
bound of the acceptance zone (around observation 27 and observation 33).
The MOSUMSQ statistics is estimated from the recursive residuals of (8.1) in
accordance with equation (8.5). As noted above, this quantity follows the F-distribution
with G and T-k-G degrees of freedom, respectively, when independence is assumed
between the observations. The critical values may thus be based on the one-tailed Fdistribution (Snedecor F). This calculation is based on the assumption that the series of
residuals may be considered as representing independent observations. Provided we on
the other hand consider the observations (residuals) as entirely dependent, a lower critical
value will be obtained for any given significance level. A typical pattern for the
MOSUMSQ is reproduced in Figure 8.7. These figures are included for illustrative
purposes to indicate the test criterion employed in the two situations. From this graph,
it is seen that all the reproduced simulation sequences are well under the critical value.
Figure 8.7
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Numerical Results

The calculated number of replicates with significant CUSUMSQ and MOSUMSQ
residuals, respectively, are based on the 5 per cent significance level throughout in the
following.
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Results Based on CUSUMSQ
The theoretical power for the CUSUMSQ-statistic is calculated fronl Durbin (1969).
From tables in this paper, critical value on the test quantity (Co) are obtained. The
empirically obsetved values are compared with the critical levels as indicated in Figure
8.6. The percentage of runs with one or mote significant values are reported in Table 8.4,
below. These values are based on 2000 replicates each. The same information is also
illustrated in graphs, Figures 8.8 -- 8.9.
Table 8.4

Relation

Percentage significant runs measured by CUSUMSQ
(the hypothesis of no structural change is rejected)

Data Alt 1

Alt 2

AIt 3

Alt 4

Alt 5

Def.

6.4

7.0

37.5

6.6

43.0

Pre!.

37.3

36.3

86.7

42.7

81.4

5
-----------------------------------------------------------------------------------------Def.

6.0

6.8

7.0

7.0

4.7

Pre!.

11.1

11.4

41.7

10.9

12.2

9

Starting with relation 5 (GDP), we find that alternative 1 (the base case) give
results close to the theoretical significance level (of 5.0%). Introducing moderate
structural change slightly increases the nunlber of significant cases (to 7.0% if the change
is introduced at the middle of the estimation period, and to 6.6% is introduced towards
the end). The introduction of substantial structural change results in much higher
incidence of rejection of stability hypothesis, as expected. All results noted so far refer to
the situation with definitive data throughout the estimation period. If we, as is often the
case in practice, combine definitive and provisional data in the same model we find that
the percentage of significant cases rises considerably in all alternatives. Even in the case
of no structural change the null-hypothesis is rejected in more than one third of the cases.
Thus, the test is seriously affected by the introduction of errors in explanatory data for
part of the estimation period.
Turning to relation 9 (Export volume), the same overall pattern is obtained.
However, the numerical levels of effects are much less pronounced here. We find that
even in the situation of substantial structural change low rejection levels are obtained,
provided definitive data throughout. Thus, the actual power of the test statistic as such
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may be seriously doubted. Our main interest, though, is related to possible effects when
using preliminary data. Thus, the comparison of these two lines for each alternative is of
special concern. It is observed that the number of rejections is higher in alternative A
than B without exception.
Figure 8.8
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Results based on MOSUMSQ
Now, what results are obtained when applying the second of the considered test statistics,
MOSUMSQ? It is not possible to exactly specify the critical levels for MOSUMSQ, as
indicated earlier. The series of MOSUMSQ-values can either be considered as produced
from totally independent observations, or entirely dependent, resulting in two different
critical levels. To start with, results assuming independence between the residuals are
derived and commented, Table 8.5, and Figures 8.10 -- 8.11.

Table 8.5

Relation

Percentage significant runs measured by MOSUMSQ
(the hypothesis of no structural change is rejected). Independence
assumed.

Data Alt 1

Alt 2

Alt 3

Alt 4

Alt 5

Def.

0.0

0.3

1.4

0.9

11.9

Prel.

13.7

10.4

13.6

14.6

7.5

5

-----------------------------------------------------------------------------------------Def.

0.2

0.4

0.6

0.2

0.2

Prel.

2.1

2.6

22.3

2.5

1.3

9

Here, we find a similar pattern between situations based on definitive and preliminary
data, as in the CUSUMSQ-tests. The rejection levels are higher in situation B
(preliminary data), than in situation A (definitive data) with one exception. However,
generally much lower percentages of rejection are obtained. It is to be noted that the
hypothesis of no structural change is only rarely rejected in alternatives 2 - 5 in the
situation based on definitive data throughout.
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Figure 8.10
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In the above results a theoretical significance level of 5% has been used. The
calculation of critical F-value is based on the one-tailed Snedecor F-distribution, assuming
that independent tests are carried out for the recursive residuals in each sequence. It can
be seen from Table 8.5 that the actual significance level for MOSUMSQ is much lower
than 5%. The critical value assuming total dependence between the tests is also used as
an alternative. These results are given in Table 8.6.
Table 8.6

Relation

Percentage significant runs (the hypothesis of no
structural change is rejected) (total dependence assumed)

Data Alt 1

Alt 2

AIt 3

Alt 4

Alt 5

De£.

15.0

21.5

53.5

20.5

69.0

Pre!.

79.5

70.0

93.0

77.5

81.5

5
F

= 2.40

-----------------------------------------------------------------------------------------Def.

20.0

18.5

28.0

22.0

23.5

Pre!.

46.0

46.0

86.0

37.0

33.5

9
F

= 2.33

Figure 8.12
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Figure 8.13
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From a comparison of Table 8.5 and Table 8.6, it is found that the actual
significance level for the MOSUMSQ is much lower than the theoretical level of 5% when
the approach of independent observations is taken, and much higher when total
dependence is assumed. A special run has been conducted in order to calibrate to the 5%
level for alternative lA (no change, and definitive data). This test results in the following
percentages of rejections for the various alternatives for relation 5 and 9, Table 8.7.

Table 8.7

Relation

Percentage significant runs (the hypothesis of no structural change
is rejected) (calibrated to 5 per cent in alternative lA).

Data Alt 1

Alt 2

Alt 3

Alt 4

Alt 5

Def.

5.0

5.0

17.5

6.5

35.5

Prel.

41.0

33.0

55.0

41.0

43.5

5
(F

= 3.35)

-----------------------------------------------------------------------------------------Def.

5.0

6.5

5.0

4.0

10.0

Prel.

14.5

14.0

63.0

16.0

15.5

9
(F

= 3.25)
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The MOSUMSQ statistic employed so far is based on a window length, G, of 5.
As an alternative, a test with G=10 has also been calculated, see Table 8.8. These results

are to be con1pared with those in Table 8.5. Observe that the general pattern between
definitive and provisional data is not affected to any substantial extent when the value of
G is doubled. However, the difference between the two situations is slightly reduced.
Table 8.8

Relation

Percentage significant runs (the hypothesis of no
structural change is rejected) (Independence) (G

Data Alt 1

=

10)

Alt 2

Alt 3

Alt 4

Alt 5

Def.

0.0

1.0

0.5

0.0

0.0

Prel.

2.0

4.0

15.5

1.0

0.5

5

-----------------------------------------------------------------------------------------Def.

0.0

0.0

0.0

0.0

0.5

Prel.

4.0

3.0

5.0

3.0

2.5

9

8.4

Conclusions

The purpose of the simulation study presented in the previous sections has been to
illustrate possible effects of inaccurate data when testing for structural stability. Two
common statistical tests for structural stability, the CUSUMSQ and MOSUMSQ, have
been considered.
The main conclusion is that, given the chosen design, the results in terms of signal
of structural change are highly sensitive to the existence of inaccurate data (in the form
of preliminary estimates for one or two explanatory variables) towards the end of the
estimation period.
The following two questions, directly related to the effects introduced above, are
specifically considered in the simulation study:
- Do measurement errors per se affect the results of the CUSUMSQ and
MOSUMSQ structural stability tests?
- Provided structural change has taken place, how does the existence of
measurement errors affect the identification of this, using the CUSUMSQ and
MOSUMSQ tests?
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One result is quite evident from the study. The existence of data errors, when
updating an econometric nlodel may erroneously give indication of structural change. This
result is true for both the two considered relations and irrespective of the considered test
statistic. The difference between definitive and preliminary data in alternative 1 (no
structural change) is larger for relation 5 than relation 9. However, even for relation 9 the
percentage of rejections is at least doubled when definitive and preliminary figures are
pooled for the estimation period (with just a few exceptions).
In all considered situations, except alternative 5 for equation 5 measured with
MOSUMSQ, the number of significant cases is larger in the case of combined definitive
and preliminary data than in the case with definitive data throughout. Thus, the
importance of correct data also for the estimation stage is clearly verified.
At the same time, the percentage of rejections when definitive data are used in the
situations with modelled structural change is rather low, especially in relation 9. Even in
alternative 3, with substantial structural change in the middle of the estimation period, the
percentage of rejections is below 40. This observation is taken as an indication of low
power for the considered test statistics. The MOSUMSQ test gives very low numbers of
rejection when the critical value is calculated from independent observations. The case
with the number of residuals in the moving average (G) equal to 10 results in generally
slightly lower percentages of rejections than obtained with G=5.
The actual significance levels are appropriate for relation 5 when using
CUSUMSQ. Measured with MOSUMSQ and assunling independence between residuals
the actual significance levels obtained are much too low.
The sensitivity of the tests are generally much higher in relation 5 than in relation
9. This depends on the values of the standardized parameter coefficients. These
coefficients are significantly lower for the two variables exhibiting measurement errors in
relation 9, than in relation 5.
In case of rejection, many values fall outside the acceptance region in each run.
It is rare with only one or a few significant values in a run.
Effects of actual structural change and measurement errors appear to interrelate
with one another. The signals of structural change are generally speaking amplified by the
existence of measurement errors.
Finally, there is hardly any difference in the nunlber of rejections between 'no
change' and 'nloderate change' if preliminary data are employed. Only the case with
substantial change in the middle is clearly discriminatory.
In conclusion, the study indicates that the test statistics signal structural change
with almost the same (and high) frequency irrespective of structural change or not when
errors in data are introduced. Thus, the informative value of CUSUMSQ and
MOSUMSQ in the situations considered here is found low.
~
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9.

A MODEL FOR OUTCOME EFFECTS

Some effects of inaccurate data in the estimation and analysis stages have been
considered in the two previous chapters. Firstly, it was noted that parameter estimates are
affected by the inclusion of also preliminary data in explanatory variables. Secondly, it was
found that the existence of preliminary data may erroneously indicate structural change.
In this and the subsequent chapter, we study some effects when econometric
models are used as a basis for economic analysis and planning. We start by considering
a simple and slightly unrealistic situation expressed in terms of a single relation composed
of one goal variable (y) controlled by one instrument (x). The relationship between the
goal and the instrument is explained in a linear two-variable model, parallel to the one
introduced in Section 7.1. In this model outline, we assume a direct reaction from the
instrument to the goal with no time delays. A few observations from this sketch, relating
to effects of erroneous use of x caused by incorrect data in the estimation stage are
briefly discussed in the first section below.
As indicated in the discussion on planning issues, Appendix 1, a model as simple
as the one in Section 9.1 may not be very realistic or useful. Instead, what is requested
is a more elaborate relationship including a number of interrelated variables and relations
which allows for dynamic effects as well. This extended and nlore realistic approach is
introduced in the second section of Chapter 9. The empirical part is based on simulation
with a small Swedish macro model, Appendix 2. The model is estimated for two partially
overlapping time periods, generating two sets of parameter es.timates and consequently
two bases for planning experiments.
The optimal control technique introduced in Appendix 1, Chapter 3, is used in the
following to derive trends for the considered planning periods based on the pre-specified
macro model. The framework for an optinlal control application of this character is briefly
devised in Section 9.2.
Base case solutions are reported in Section 9.3. The purpose of this latter section
is to illustrate how optimal control paths can be calculated and evaluated, and to obtain
a reference case for the evaluation of sensitivity to errors in the initial data and
parameter estimates to follow in Chapter 10. Reference in this respect is also given to
results from control experiments carried out on a model of the Swedish External Sector,
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Brannas & Ekl5f (1980), and Ekl5f (1989).
As indicated above, two policy planning periods are considered in parallel in the
following. These refer to the two realizations of the Macro Model. In the first alternative,
the period 1973:1 -- 1977:IV is studied, and in the second alternative the period 1984:1 - 1987:IV.

9.1

The Two Variable Situation

Let us return to the model introduced in Section 7.1. We assume that y is a goal variable
which we want to control, and x is an instrument available to the policy maker. We
assume that the optimal value of y in period t, (yOt), is obtained by setting the value of
x in the very same period to (XO t), that is:
y~ - p x~

(9.1)

The problem here is that we do not have exact information on x to estimate the
parameter (P). Instead, ~ is a biased estimator of (P) as given in equation (7.1). Thus,
due to the incorrect parameter estimate ~, the following assumed relationship is used for
the control:
(9.2)
This means that xt is set to (xet) instead of the optimal (XOt). Now, because (9.2)
is an incorrect relationship, (yet) is obtained instead of the sought value (yOt). Thus, an
error of the magnitude [yOt - yet] is caused in terms of the goal variable.
As shown in section 7.1, measurement errors in x causes an underestimate of the
true p-coefficient. In series considered in the present research, see Section 5.1, a bias of
50 per cent is far from unrealistic. Thus, we may assume a ~ = 0.5~. This in turn, results
in a doubling of the value of xt in order to presumably give the requested optimal value
of y, that is (yOt). However, due to the error in the estimated relationship, the value of Yt
is also doubled, causing an error of the magnitude (yOt) in this simplified example.
The above reasoning is based on a mechanical application of a strict control rule.
This will, though, hardly be en1ployed in practice when economic systems are considered.
The use of the economic instrument is most probably exposed to costs, leading to the
need for balancing between an unrestricted optimal y and an optimal x value. This means
that the optimal y is not the same in situation 9.2, as it was in the situation characterized
by equation (9.1). Taking this into consideration, we approach a situation where goals and
instruments are to be balanced in a more intricate and realistic way. Time delays and
inter-temporal effects offer further challenges when explicitly considered. This leads us
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to a situation typically discussed in the optimal control literature. Such cases are further
considered in the following.

9.2

An Optimal Control Approach to the Planning Problem

Variables have to be classified into goals, instruments and purely exogenous in order to
allow for an optimal control framework. This was done in a tentative way when the
Macro Model of Appendix 2 was first employed. The so obtained classification of
variables will be used here. The four main economic policy goals are expressed as: a
stable price level, full employment, good long term economic growth, and balance in the
international transactions. Actual fulfillment of these goals are measured in terms of the
endogenous variables (p), (u), (y) and (bal). Policy instruments include new credits,
interest rate, VAT, personal tax rate, transfers, and public sector demand39 •
No explicit goal trends have been specified as yet. Numerical goal values can only
rarely be derived from official policy documents. Thus, goal values will have to be
introduced in a more or less ad hoc fashion. At the same time, results show that optimal
control solutions are generally robust to 'modest' deviations in the target paths, see for
example Hughes-Hallet (1979).
In this section, we start from the observation in the previous section that
instruments have to be combined and balanced over time. Such an approach, based on
the planning model presented in Appendix 1, and applied on the econometric system
presented in Appendix 2 is considered. A four year, 16 quarter, planning period is
assumed throughout in the following.
Optimal paths for the goal and instrument variables for the period 1973 -- 1977,
and 1983 -- 1987 based on the two realizations of the small Swedish Macro Model are
sought. Some main results for the first planning period are preseilted here merely for
reasons of comparison. These are reported in further detail in Ekl6f (1982).
The period 1974:1 -- 1977:IV was chosen as one of the policy planning periods for
the ex-post control exercises. This constitutes the last 16 quarters for the initial model
estimation period. At the same time, it represents a period with most special conditions
in the Swedish as well as the international economy. During this period Sweden faced the
effects of a number of strong exogenous shocks, one of these being the oil crisis of 197374. A combination of low economic activity and high inflation was experienced by many
countries. These factors make the period 1974 - 1977 particularly interesting for policy
control analysis. The period 1983:1 -- 1987:IV has been chosen as the second planning
period. This constitutes the last period for which definitive figures were available. It is to
be noted that this period may also be characterized in terms of substantial changes and

39 Observe, though, that these instruments are not entirely in the hands of a single
policy maker, see Appendix 2, Section 1.3.
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fluctuations in the economy at large.
For feedback optimal control, a criterion has to be defined. One such measure for
an individual variable, (Yi), is the average weighted mean square error (MSi), Chow
(1975), see Appendix 1, Section 3.1.

(9.3)

where:
T is the total number of periods in the planning horizon (in our example 16).
~t stands for the relative weight in period t for deviations in variable i.
ait stands for the goal value of variable i in period t.
In the situation of one single goal variable, the MS i can be used as a criterion to
compare different strategies. MS i may for example be calculated for different alternatives
of data quality and compared.
In a multi-goal situation a similar approach can be enlployed, based on
optimization and comparison of the TMS, that is:

1

N

TMS - - EMSi
N i-I

(9.4)

where:
the MSi values are summarized for all considered goal and instrument variables.
Any choice of numerical goal values may certainly be questioned. The target
trajectories chosen in the base case calculation for all goal and instrument variables40
are given in Table 9.1. They are, as indicated above, defined in accordance with (implicit)
statements in policy docunlents prepared by the government.

40 As noted above, the instrunlent variables are usually not free to use. Thus, goal
values and costs may be associated also to this set.
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Table 9.1

Goal Values for the Ex-Post Study

I

:::::::::::::::::::
,:y~

l::\:\::l:l:::::lll\"il_::_lll:,l,

JUJ,j\1
.~~~::

Inflation rate (p)

0

0

Export price index (exp)

0

0

Labour cost (w)

0

0

1

1

Gross domestic product (y)

3.5

4

Private consumption (pc)

4.5

3

Business investment (i)

5

5

Disposable income (dy)

3

3

Exports (ex)

5

5

Imports (im)

3

3

Current balance (bal)42

0

500

Effective demand (e)

3

3

Public sector balance (bud)

0

0

10

2

, Value added tax (VAT)

0

0

Household taxes (tax)

0

0

Household transfers (tr)

0

0

Interest rate (r)

0

0

Public sector demand (od)

3.5

2.5

Exchange rate

0

0

Unemployment

(U)41

New credits (1)

41

~.

(VX)43

Re-transformed to level data.

42 This variable is defined in terms of absolute change, while the others are defined
as relative change.

43

This is, though, no longer considered as an instrument.
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Slight variations from the goal values specified in Table 9.1 are introduced for the
first four quarters in each planning period in order to be able to approach feasible
trajectories without too long delays.
Base case solutions are presented in the next section. A number of policy
alternatives based on this framework are illustrated in Ekl6f (1982), and in Ekl6f (1989).
These focus on different exchange rate options for the Swedish governnlent, and on a
conlparison of the relative efficiency of fiscal and monetary policies, as well as results
from applying a strict rule strategy.

9.3

Base Case Solutions

Based on the certainty equivalence optimal control framework introduced above and in
Appendix 1, base case solutions have been derived44 for the two planning periods
specified above.
Feasible solutions have been arrived at by successively modifying the relative
weights as follows. Starting with equal relative weights for all goal and instrument
variables, a first ex-post optimal solution is derived. In this initial run unit weights are
assigned to all variables expressed in growth rate percentages, and weights of 0.01
assigned to the variables expressed as absolute difference or in levels. The same weights
are used for all future quarters of the planning period, up to the horizon.
The provisional results which were so obtained have been successively discussed
with a panel of professional economists in an informal manner. The base case solutions
which were ultimately obtained are, however, by no means officially accepted as optimal
strategies by any decision-maker. They should merely be considered as consistent and
optimal in a purely technical sense.
The following weights, Table 9.2, are used in the ultimately chosen base case
solutions. It is to be observed that larger weights have been utilized for the planning
period of the 1980s, than that of the 1970s for most variables (the weight for the Current
Balance variable has been fixed at the same level during both periods).

44

A program system for this purpose has been developed in Gauss.
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Table 9.2

Employed Weights for the Ex-Post Study

Inflation rate (p)

1.5

100

Export price index (exp)

0.2

0.2

Labour cost (w)

0.1

0.1

500

15000

Gross domestic product (y)

1

100

Private consumption (pc)

1

100

Business investment (i)

1

100

Disposable income (dy)

0.2

20

Exports (ex)

0.1

10

Imports (im)

0.1

15

Current balance (bal)

0.0005

0.0005

Effective demand (e)

0.1

1

Public sector balance (bud)

5

25

New credits (1)

0.2

20

Unemployment (u)

Value added tax (VAT)

25

150

Household taxes (tax)

0.2

20

Household transfers (tr)

0.2

10

Interest rate (r)

0.1

25

Public sector demand (od)

3

1

Exchange rate (vx)

5

25

Results for the four main policy goals during the latter planning period are
illustrated in Figures 9.1 -- 9.4. Similar figures for the period 1974:1 -- 1977:IV are
presented in Ek15f (1982).
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Figure 9.1

Ex-Post Solution for 1984:1 -- 1987:IV

Figure 9.2

Ex-Post Solution for 1984:1 _. 1987:IV
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Figure 9.3
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Convergence towards the pre-defined goal values is relatively satisfactory for most
of the studied variables. This is specially obvious when the optimal control solution is
compared with the ex-post forecast based on actual values for all the instrunlents. The
optimal paths are without exception nlore stable than the ex-post forecasted trends. For
more detailed comments and discussion of the results in this respect, see Branna.s & Ekl6f
(1980), Section 5.2, and Ekl6f (1982), Section 2.1.
Expressed in total welfare loss, the optimal base case solution for the 1970s, results
in a reduction to 35 percent of that obtained from a genuine ex-post forecast run. In a
theoretical sense, this value may be seen as the gain due to optimal control. When
interpreting this, it is necessary to remember, though, that the econometric model used
is inexact and only expected values of the welfare loss are considered. For the period
considered during the 1980s, the overall results do not differ very much from the ones
presented above, seen on a relative scale.
Given the pre-set goal paths, the optimal solution suggests a less active economic
policy than that actually performed during the periods studied. The concept 'active' refers
to a deviation from the pre-set goal trajectories. This means that given other goal paths,
a different conclusion may have been reached. Alternatively, the concept active may be
defined in relation to the number of times the instruments are used or changed. Such a
study can also be carried out within the above framework, but is not elaborated here.
The most important characteristic of the proposed policies is that the timing is
different from the policies actually realized. Furthermore, it is worth noting that the
respective optimal policy suggested is based on a simultaneous use of available
instruments, that is, a number of instruments are adjusted at the same time and not just
one by one in sequence.
The main goal variables presented in the four previous graphs, covering the period
1983 -- 87, have all been stabilized. The other 9 endogenous variables have also been
stabilized as compared to the actual performance. In addition, it is to be observed that
the use of the instruments has been largely dampened. The dominant part of the welfare
loss emanates from the Inflation Rate variable, while GDP, Investments and Current
Balance come next in ternlS of relative contribution to the overall welfare loss, that is the
TMS-value. Among the instruments, New Credits and VAT entirely dominate in this
respect. The above reported optinlal control solutions will be used as base case
alternatives in the next chapter, when the problem of errors due to inaccurate input data
is specially considered.
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10. EFFECTS OF INACCURATE DATA
IN THE PLANNING CONTEXT

In this chapter, we focus on effects of errors in initial data when an econometric model
is used for economic analysis and planning. Measurement errors in the endogenous
variables are considered in, for example, Chow (1975). Such errors are common when
controlling technical systems, while less often considered in social sciences as discussed
in the introduction of the thesis. In our case a more specific error structure occurs than
is the standard in technical applications, though, constituting more intricate derivation of
possible effects. Thus, we confine ourselves to empirical calculations and numerical
simulations in the following.
The structure of the planning framework sketched in Appendix 1 is used as the
basis for the calculations reported in the following. In addition to effects due to incorrect
initial data, effects of wrong parameter estimates due to inclusion of preliminary
observations in the estimation stage, are considered. This is to be seen as a continuation
of the studies in Chapter 7. The empirical illustrations are based on the Swedish Macro
Model presented in Appendix 2.
In the next section, effects due to preliminary or otherwise incorrect data for the
initial period(s) are studied. This is done by means of using actually available series for
the initial stage, as well as in the form of a more genuine simulation exercise. In Section
10.2, model errors caused by incorrect data for the last few periods in the estimation stage
are considered. Also in this case the figures which were actually available are utilized. The
chapter is concluded with a few comments relating to the value of improved quality in
early estimates of recent period variables. This is to be seen as a direct link to the
cost/benefit framework introduced in Chapter 11.

10.1 Effects of Errors in Initial Data
An empirical criterion, the Planning Error Indicator (PEl), is specified as a measure of
the planning quality in practice. The PEl is based on a comparison of the average
weighted total mean errors (TMS), equation (9.4) for different situations, and defined as
follows:
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PEI(s) _ (TMS(s) - 1)*100
TMS(o)

(10.1)

where TMS(s) denotes the expected loss given a specific set of data, while TMS( 0 )
denotes the expected loss given exact data45 (that is a value on TE, as specified in
equation (4.3), of 0). PEl may be interpreted as the relative (percentage) planning error
introduced by any inaccuracy in the available database, that is, in terms of the marginal
value of increasing the resources for data creation. This measure allows for partial
analysis of the relative importance of alternative error sources and specific assumptions.
The PEl-approach can be extended to apply to other sources of error and
inaccuracy in the overall planning process, for example in line with the discussion in
Section 2.3 of Appendix 1. Thus, this is in principle possible to apply for the evaluation
of a number of error components and robustness dimensions. With the PEl measure it
is possible to ex post evaluate the relative importance of, for example, structural errors,
data errors, estimation errors, etc., for a specific planning problem. PEl is purely problem
dependent and it is not possible to draw any inference on general aspects of sensitivity
from the presented numerical results. It is, thus, not possible to compare different
weighting matrices, functional forms, and control algorithms in a meaningful way, as the
numerical results are conditional on these assumptions. In the present research we
entirely focus on the conditional effects of various data given a pre-defined planning
context.
The prevalence of errors in time series data is the main themes of the present
research. It was concluded in Part I that all available data series are exposed to errors.
For certain problems the extent of errors may be decreased by re-measurement and
adjustment procedures. However, it is unrealistic to assume that the input data for
economic planning can be 100 per cent accurate in any instance. This is not unique for
traditional economic time series data but applies to cross-section and panel data as well.
Here, we consider the potential effects and consequences of two different error
sources in data in pre-defined planning contexts, that is, incorrect specification of the
present state of the economy, and biased parameter estimates in the model used as
planning restriction. The bias in the present study is due to imprecise data for the last few
quarters of the estimation period. The general planning framework sketched in Appendix
1, Chapter 1, and the PEl evaluation criterion are employed in the following.
The numerical results for the 1970s are taken from Ekl5f (1982), and Ekl5f (1989).
Deviations measured by the PEl-indicator between the base case solution, which assumes
full knowledge, and any set of inexact data are considered. As full knowledge is assumed
in the base case solution presented in Chapter 9, the PEl-values may thus be interpreted

45 Provided the definitive data are taken as exact, comparisons between a situation
based on definitive data and various sets of provisional data may be conducted.
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as a measure of the effect of data errors. For more detailed results, reference is given to
the above mentioned reports.
Now, let us consider the problem of errors and inaccuracy concerning the present
and most recent state of the economy, that is, errors in the vector of initial data. Errors
in the data on the current and recent state of the economy are either due to pure
measurement errors (imprecise measures), or caused by the fact that measurement takes
time and we have to rely on only preliminary or trend estimates in the planning phase.
It is not at all acceptable to discard the most recent development in the econonlY
in the planning stage. On the contrary, these signals are crucial as a rule. The current
position of the economy should constitute the basis for all forecasting and planning
endeavor. The number of historical periods needed as initial observations are given by
the dynamics of the system. In the first realization of the Macro Model, lags up to two
quarters are included, while in the second realization only single period lags are included.
At the same time, it should be observed that all the variables are expressed as four
quarter change (absolute or relative), constituting a more intricate structure with initial
data also affecting later period values.
In all situations where data lags constitute a problem, some kind of ad hoc
procedure has to be employed to generate starting values for the planning process, for
example:
- Ignore that the last observations are preliminary.
- Adjust the preliminary estimates.
- Use trend values as initial data.
Trend values are used in many control applications as proxies for the actual
development, see for example, Holly (1979). The use of trend values is the tradition in
hypothesis testing situations and for classical economic analysis. For planning in practice,
the use of trend values is not an appropriate procedure. Instead, any information
provided by the most recent estimates might be crucial. In the following, we are interested
in the informative value of preliminary and revised data series, respectively and compared
to mere trends.
Typical patterns of revisions in economic series were illustrated in Chapter 5. For
some variables, revisions are published at standard intervals, while in many other cases
the number of revisions may vary from one observation to the other. This latter pattern
creates problems if the anlbition is to adjust for expected errors. Possible adjustment
techniques in these cases are discussed in, for example, Harvey and Pereira (1981). The
Kalman-filter approach may offer a feasible alternative in some instances. This question
is not developed any further in the present research. Here, we simply accept the
published figures as given facts, representing alternative realizations and thus different
information structures.
The study is carried out in the following way:

166

1. Estimate optimal instrument trajectories for the respective planning period
based on trend, preliminary and revised base case data for the initial quarter(s),
that is 197203, and 197204 for the first planning period, and 198304 for the latter
period.
2. Use the so obtained instrument trajectories to estimate time development for
the endogenous variable for the entire planning period.
3. Calculate TMS (in accordance with equation (9.4)) for the goal and instrument
variables taken together in the above alternatives.
4. Calculate the PEl-value (in accordance with equation (10.1)) for the respective
alternative above. The base case solution derived in the previous section is used
as the standard of comparison.
In brief, the results may be summarized as in Table 10.1. Here, the PEl-indicator
calculated for goals and instruments together is chosen as the measure of comparison.

Table 10.1

Effects of Errors in Initial Data

Period

PEl-VALUE FOR
Trend value

Preliminary

Revision1

1973:1--77:IV

10.0

2.1

0.5

1983:1--87:IV

2.9

0.5

0.3

The effects of reporting lags, and thus the informative value of revised data, vary
between the two realizations studied. This fact is seen as a strong indication that any error
evaluation has to be problem-specific. It is not possible to infer any general conclusions
about the sensitivity of reporting lags. However, it is obvious that the improvements in
data from the trend to the revised have beneficial effects on the quality of planning in
both cases.
The results measured in terms of PEl in Table 10.1 are based on utilization of the
data which were actually available at the different planning times. It is also possible to
carry out conditional tests based on effects of errors in individual variables, and thus study
the relative importance of each data series. This has, though, not been done in a
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systematic way here. Such a study can give an indication of the relative importance of
improving and speeding up measurement for separate variables, and thus constitute a
basis for priority setting in data creation.
The results give strong indications that the quality of baseline data has pronounced
effects in the planning stage. The informative value in data is successively increased. Even
an improvement by only a single per cent, or a fraction thereof, should be important for
the overall quality of the planning procedure. No monetary value has, though, been
assigned to alternative PEl-results as yet. Whether it really pays or not to allocate
resources on nlore accurate nleasurements and rapid data up-dating certainly depends on
the actual cost/benefit profile of the problem, see Chapter 11. So far, only the beneficial
side has been considered.
Figures illustrating effects during the first four quarters in the planning period
(1984) for the four main policy goals are given in the following graphs. A less active use
of policy instruments can be observed when definitive figures are available, than in the
situation with only provisional data. The trend alternative is found especially poor in
terms of stabilizing the unemployment and GDP variables.

Figure 10.1

Effects of Incorrect Initial Data

168
Figure 10.2

Effects of Incorrect Initial Data

Figure 10.3

Effects of Incorrect Initial Data
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Figure 10.4

Effects of Incorrect Initial Data

A more genuine simulation study has been carried out as well. In this latter
exercise, the bias and standard deviation for the preliminary series as estimated in Section
5.1 are utilized (assuming normal distribution of errors around the estimated bias values).
From a technical point of view this study is carried out along the same lines as the
simulation studies presented in the previous chapters.
Sequences of 1000 replicates each have been run. From these, the PEl-value for
each replicate is calculated, and the mean and standard deviation for the entire sequence
calculated. This simulation is only carried out on the model estimated including the 1980s.
The following results are obtained:

Table 10.2

Errors in Initial Data • Simulation Results (1980s)

Preliminary

0.32

2.60

0.66

0.45

Revision1

0.48

0.81

0.53

0.49
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The average PEl-values for goals and instruments combined, reported in Table
10.2 are slightly higher than those obtained in the deterministic control study for the
1980s, summarized in Table 10.1. The overall structure is, however, similar. It is also seen
from Table 10.2 that the use of preliminary and even revised initial data results in more
active use of the available instruments than in the situation with definitive data. The
reported standard deviations indicate rather large variations between individual replicates.
This in turn points to a substantial stochastic component in the results of the employed
planning exercise.

10.2 Effects of Model Errors
Reporting lags may affect both estimation and planning. There are lllany different
strategies to handle reporting lags in econometric estimation, for example:
- Ignore that the last observations are just preliminary and use them as true
observations.
- Ignore the most recent, and preliminary, observations in the estimation stage.
- Base the estinlation on only prelinlinary data series for the entire estimation
period.
- Adjust preliminary data before estimation.
- Put less weight on the last preliminary observations in the estimation stage.
In the Swedish Macro Model, the second alternative has been chosen. We have
included observations based on definitive data only. Based on this principle, the model
has been estinlated on data for the period 1963:1--1977:IV, and 1973:1 -- 1988:IV,
respectively. In earlier stages of the modelling phase also the first and third strategy above
have been tried but discarded due to inconsistent and generally unsatisfactory results.
Errors in only three variables, the same as in Section 7.2, are considered (the
dependent variable Effective Demand (e), and the explanatory variables Industrial
Production in the OEeD Region (ip), and World Price (wp)). The model system has been
re-estimated with preliminary data for these three variables. The same distribution of
errors as introduced in Section 7.2 has been employed also here.
The resulting interdependent model (that is the same as that considered on page
131) has been used as restriction for an optimal control simulation. The instrument values
so obtained are then used to calculate estimated Y-values based on the "correct" model.
In this calculation, no allowance for parameter variability is introduced. The numerical
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results are given in Table 10.3.

Table 10.3

Effects of Errors in Model Parameters

It is seen from Table 10.3 that considerable effects are caused by incorrect
parameter estimates for only three variables, and merely the last 16 quarters. Also other
variables are measured with error and delay, as documented in Part I.

10.3 The Value of Improved Data
The PEl-values reported above give a measure of the relative deviation between an
'optimal' solution and a situation characterized by errors in data. Here, optinlal is used
to describe a situation with full availability to correct and current information46 •
The study has been limited to two different error sources in the planning stage. It
is observed that the relative effects of errors due to biased parameter estimates are
considerably more profound than those coming directly from errors in the description of
the present and recent economic position here. In other applications other results may
be arrived at.
The overall framework introduced may be used to consider various error sources
in well-structured planning situations. In addition to marginal studies of individual sources,
it is also possible to consider the combined effects of different errors, for example, in
initial data and parameter coefficients.

46

Correct infornlation is here interpreted as definitive.
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11. COSTS AND BENEFITS ASSOCIATED WITH
STATISTICAL INFORMATION

In some instances, the overall aim is to manage a production process without conducting
any errors (a no error objective), while in other situations an appropriate quality as
valued from the user perspective is aimed at. For the statistics production process
considered here, the latter alternative is assumed most relevant. For evaluating whether
appropriate and effective statistics are being supplied, their costs and value have to be
considered. As there is only seldom a market situation at hand for statistics, the value has
to be derived in other ways then directly from the price side. The present research
focuses on the use of statistics for economic analysis and planning. Thus, the value of
statistics with varying quality in these situations is considered.
The overall franlework for cost effectiveness valuation is set in the next section.
Value considerations based on the discussion in Chapter 10 are further discussed in
Section 11.2, and cost aspects based on results from Part I, considered in Section 11.3.
The two domains are combined into a Cost/Benefit Analysis (CBA) framework in Section
11.4. In the last section of the chapter, the sketched framework is illustrated in the form
of a simplified example.

11.1 A Cost Effectiveness Model for the User
We consider the use of statistical data in regular econonlic planning. The policy planning
problem may be formulated in the following way47:
Given the goal stnlcture ~ find the strategy S which generates the goal path
DO that is closest to U. The strategy which solves this problem, SO, is named
optimal.

Based on this criterion, an effective planning procedure, po, may be defined as the
procedure resulting in DO. However, po, as defined above may be highly in-optimal when

47 See Appendix 1, Section 2.2.
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all costs and benefits of the exercise are considered. This may result from the fact that
unduly large resources are allocated to the overall planning activity. Theoretically, a
criterion for allocating resources to the planning process may be formulated as follows 48 :

se,

Given any ineffective planning procedure , ?, suggesting a strategy,
and
resulting in a goal path, De, it pays to improve the procedure as long as the
marginal value in terms of goal achievement exceeds the extra cost in the
planning stage.

This formulation is general in scope, and not limited to any specific application
area or situation. The application of the framework to statistics in a more formal way is,
however, new. Here, we will apply this criterion for studying costs and benefits for
generating statistical data to the planning or analysis process. We are not focusing on the
extreme situation with either full information or no information at all, but rather on what
format and quality of data should be aimed at from the resource allocation point of view.
Reference is made to the error components listed under input data in Figure A1.10 (from
Appendix 1). Initially, the perspective of the user in a specific application will be taken.
Later on, implications for the data producers whenever these are separated from the user
will also be considered.
The above specified theoretical criterion is not possible to directly apply in
practice. In the following, possibilities and limitations relating to its application for
resource allocation to statistics production are considered.
An application of the formulated criterion for resource allocation in the data input
stage will lead to the classical optimal situation where the marginal cost is equal to the
marginal value. The cost/benefit optimization for input data may thus be formulated as:
Allocate resources for data production and refinement until the marginal costs
are equal to the marginal value in terms of improved planning or analysis.

This formulation requires the marginal costs of data refinenlent always to be
positive, and the planning quality to be monotonously improved by improved data quality.
Given these regularity conditions, it is in theory possible to find the optimal data quality
and consequently derive the optimal resource allocation for its collection.
The criterion may in principle be employed to study the overall resource allocation
to data production as well as efforts devoted towards improvements in individual error
components and variables. It may be used to study effects of decreasing, as well as
increasing resources. It may be most common to consider a situation where nlore
resources are cost/efficient to allocate to statistics production. However, a similar

48

See Appendix 1, Section 2.3.
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framework can be used for studying a situation where initially too large resources are
spent on data creation.
The problem of defining and measuring data quality and planning quality, however,
remains to be solved. This is far from a trivial matter. In the case of statistical data a
number of complicating issues occur, for example:
- An individual user pays only part of the costs associated with data production.
- The user is ignorant of the potential effects of changing data quality in a specific
application.
- It is not always possible to decompose quality aspects (the quality components
are interrelated).
- There are many users of the same sets of statistics.
- Statistics is a collective utility with weak price mechanism.
- Inter-temporal effects are at focus (users are not merely interested in individual
point estimates, but rather in the development over time).

These problems are considered one by one in the following sections. We start by
considering measures of the value of statistical information.

11.2 The Value of Statistical Information
A planner or researcher only rarely has explicit knowledge of the actual quality of data
he is using in a model application. Even if he is aware of the main sources of deficiency
the problem of transforming this knowledge to possible effects on the outcome of the
actual planning or analysis/evaluation exercise remains. Further, quality declarations are
seldom directly application oriented (see Chapter 3).
Observations point to the fact that users seldom are in a position to manage
inaccuracy in statistical data, even if it is duly specified and documented in the
publications. Ignorance in terms of actual quality is also widespread among qualified
users, see for example SCB (1990a). Even if quality declarations are duly communicated
the implications thereof from the point of the user situation are in doubt. In an
application where various sets of data emanating from different sources are used in
combination, this becomes much more elaborate a task. One strategy taken by a user in
this situation is to refer to the producer: 'Data quality is your responsibility, and as a user
I assume that all the time data are made available they are acceptable also from the
quality perspective'. Compilation of required sets of data is so resource consuming that
the user would rather take whatever figures are available and consider these as given
facts, and using them without much consideration as to possible error margins.
The above sketched strategy may lead to a situation whereby the value of
improvements in quality is underestimated. It is also often difficult for an individual user
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to empirically analyze the sensitivity to alternative data quality. One way to further
consider this question is through an optimal control framework introduced in Appendix
1, Chapter 3, and employed in the two previous chapters.
In the situation of one single goal variable, the MSi , equation (9.3), can be used
as a criterion to compare different alternatives. MS i may be calculated for different
alternatives of data quality and compared. The difference between obtained values can
then be interpreted in terms of effects of different data quality. In a multi-goal situation
a similar approach can be employed, based on a con1parison of the TMS, equation (9.4).
From these quantities, an empirical criterion the Planning Error Indicator (PEl), is
devised as a measure of the planning quality in practice, equation (10.1).
The effects of various error sources are not necessarily additive and thus it is not
possible to sum up the results of a nun1ber of partial calculations to the total planning
error in a given situation. Furthermore, it should be stressed that the squared differences
in the loss function, equation (AI.4) in Appendix 1, are less adequate in some instances,
see for example Chow (1975). One-sided differences or absolute differences may
constitute appropriate alternatives to the initial formulation of the loss function in terms
of squared differences.
PEl can assume any value between 0 and infinity. A value of zero means that no
negative result in terms of effects on the goal and instrunlent variables for the planning
situation are introduced by data errors. The higher the value of PEl, the more serious are
the effects introduced by the considered data errors. A value of 100, for example, means
a doubling of the deviations from the target goal (increase of 100 per cent) as compared
to a situation with no quality problems in data.
It is also possible to use the PEl approach in order to evaluate the difference
between two alternatives based on inexact data, for example, comparing a situation with
revised data and one with only preliminary data.
For practical use the PEl can be calculated ex post based on, on the one hand
definitive data, and on the other preliminary estimates. The quantity so obtained will offer
an indication of the importance of having access to definitive figures as opposed to only
prelin1inary ones. In order to arrive at more general conclusions simulation studies can
be carried out, where for example knowledge of the means and standard errors of
deviations between definitive and preliminary data are used (as reported in Section 5.1).
Such studies may also offer some insight into the robustness of results generated by
employing the PEl approach.

11.3 Costs of Improving the Data Quality
The user and producer is seldom the same entity. However, even if data are publicly
available, resources (time and costs) are required by the end user to compile and organize
data into a systematic framework, suitable for his specific application (see Zarnowitz,
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1979, and the discussion in Section 2.5 above). Statistical information is never an entirely
free utility from the point of view of a user, see Eliasson (1985).
An error model of statistical data seen from the point of view of a specific
application was introduced in Section 4.2, equation (4.3). Based on that formulation, let
us introduce the following quantities:
E(TE)

= M TE,

and Var(TE)

= VTE

Improvement in data quality means in this terminology that we decrease M TE
and/or VTE. These quantities are assumed independent here for simplicity.
We assume internal effectiveness in the data production process. This means that
the appropriate mix of resources and techniques is used at any time. As a consequence
of this, additional resources have to be invested in order to reduce M m and/or VTE. This
means that we can specify a strict functional relationship between the expected total error
and the costs of data creation (C)49:
M TE = f(c)

(11.1)

where:

(11.2)

This means that costs of measurement increase monotonously as M TE decreases.
Furthernl0re, the cost of successive improvements in measurement increases. A similar
functional form can be formulated for VTE. Costs of statistics production were discussed
in Section 2.4. As noted, specified costs involved in changing the quality of offered data
are only rarely explicitly available.
In practice, we are seldom free to minimize the Total Error without bounds as
economic resources therefor are limited. The problem is rather to define a data
production process generating data of acceptable quality and at acceptable costs. We are
thus back to the problem of optimization touched upon above. This may be based on a
specified cost function in line with the above formulation.
It should be observed that the above reasoning can be applied to primary data
collection as well as to secondary adjustments and refinenlents discussed in Section 4.350•

49 This is here expressed in terms of mean error (bias). A similar specification may
be assigned for the variance of the error.
50 If a bias component is detected, that is a M TE > 0 in absolute terms, this should
be adjusted for.
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As already mentioned, it may often be efficient to produce preliminary data of
'acceptable' quality and then in a second stage refine and adjust these for specific
purposes. The compilation of balance of payments. variables are examples of using this
strategy, Brannas & Ekl6f (1980).
The above approach may be used to analyze relationships between individual error
components and production resources as well as between all the conlponents of equation
(4.3) taken together and total costs. In practice, costs for some of the specified
components may be fairly well estimated, while others are more intricate to calculate. For
example, costs of increasing the periodicity of measurement, and associated expected
improvements in M TE may be possible to estimate, while costs of reducing certain
systematic errors are often more intricate to specify and measure. Some standard costs
in the data production process were indicated in Chapter 2.

11.4 A Cost/Benefit Model for Varying the Data Quality
In Section 11.2, a criterion for estinlating the value of data of different quality for an
individual user in a specific application was formulated, and in Section 11.3 we formulated
a standard functional form for the relationship between costs and quality in statistics
production. Combining these two aspects will bring us back to the optinlization principle
specified above. In theory, it would thus be possible to derive the optimal quality of data
and resources to be allocated for data production.
The first complicating issue for use in practice is that the benefit function is
expressed in a different dimension than the cost function is. The cost function is, in
principle, expressed in monetary values, while the PEl measure is expressed in terms of
percentage extra error in goal and instrument variables between correct and erroneous
data. Thus, we will have to transform PEl into monetary values before the above
optimization can be carried out in practice.
An additional complication in the application of a standard cost/effectiveness
framework for data generation is that statistical information is a collective utility. It is
produced for, and certainly used for, a multitude of purposes. Some of these uses are
operational while other are more implicit or generally informative in character. The value
of statistics for planning and analysis constitutes only one of the more operational or
instrumental application situations. In most cases, the use for one application does not
mean that the value decreases for any other potential user. However, different users often
put priorities on different aspects of the data quality panorama as defined above. In the
case of regular planning, aspects like tinleliness and accessibility may be more important
than strict nunlerical accuracy.
One approach to solving the dilemma caused by many users is by calculating and
adding individual benefit valuations, and comparing the composite value with the costs
of data production with varying quality. As the users of statistics only occasionally have
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to directly cover the costs of data production the above reasoning leads us to a situation
where consumer surpluses are to be aggregated over the entire population of users.
In addition, the complication in terms of problems to measure the above specified
quantities have to be appreciated. We do not assume that it is possible to derive
meaningful estimates on a large scale. However, we think that the methodology sketched
so far may contribute to 'solving' the resource allocation problem for specific situations
and applications.
In practice, priority setting and resource allocations to the statistics production only
rarely are based on an explicit cost/benefit formulation in line with what is sketched
above. Instead more implicit techniques are used, like:
- Strict rules or norms
- Valuation in a budget process
- Expert comments and reactions
- Bayesian approaches
- Purchasing power or hedonic price calculations
There is a substantial literature on CBA as well as on all the above principles,
theoretical as well as applied to various areas. The CBA-approach has, however, not been
applied in practice to statistics production, as known by the author. Instead, implicit
valuation through a budget process is the standard mechanisnl utilized for resource
allocation to data production. This principle has, though, been found increasingly
inadequate, see for example SOU (1983). Various methods are increasingly used in
combination in order to arrive at more rational resource allocation decisions. For part of
the Swedish statistics (about 25 per cent as indicated in Section 1.1) the users pay the
actual cost (on commission). In such situations the valuation of costs and benefits is left
to the user.
One early attempt of a more explicit valuation of information for planning was
carried out for the DIS-system (Data-System for Information Sharing between the
Government and the Business Sector). A test version for DIS has been evaluated. In short
the evaluation resulted in the conclusion that the data collection and compilation
considered was not cost efficient, and thus it was terminated.
Some experiments to derive purchasing power in a multi-client environment have
also been carried out, Bohm (1982). He considered the possible introduction of a special
statistics service on building and construction information in a database framework
(FASTPAK). The local communities were assumed to be the main users of the proposed
service. In this experiment, potential users were asked to bid a price to have access to
FASTPAK. The received bids were then added and compared with the estimated full
costs of the proposed service. In the considered example the aggregated consumer
surpluses were found to exceed the costs, and the service was introduced.
The method sketched here to estimate the cost/benefit relationship of statistical
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data of varying quality is to be seen as a contribution to the development of in1proved
resource allocation techniques. In many instances, it is not possible to carry out formal
calculations as sketched above. Still, the overall approach considered here may be utilized
for the purpose of obtaining better decision support to constitute how large resources
should be spent on data production, and which qualitative aspects to give special
emphasis. Such cut-off solutions to rank alternative strategies may introduce a more
systematic foundation to resource allocation in statistics production.
At the same time there is a strong trend away from well structured and operational
use of data in regular models, towards more and more ad hoc oriented requirements. This
trend offers special challenges in the constitution of efficient user - producer interaction.

11.5 An Illustration of the Cost/Benefit Approach
The outline of a cost/benefit model sketched above has not been directly applied for
resource allocation to statistics as far as is known by the author. In the following, we
illustrate how the reasoning can be employed in principle. The example is limited in scope
and merely focuses on the timeliness aspect in the data quality panorama, that is to the
component D u in equation (4.3). The following general question is considered:

Does it pay to change the allocation of resources to quarterly national
accounts, either in order to speed up the publication of estimates of similar
quality as the currently available definitive figures, or to abandon the
preliminary version of the accounts?
It is seen from Section 5.1 that substantial deviations are recorded between the
preliminary, revised, definitive and adjusted figures for almost all considered national
accounts variables. In Chapter 10, errors in the planning stage resulting from inaccurate
preliminary and revised figures are quantified in terms of the Planning Error Indicator
(PEl). Here we consider three different alternatives in relation to availability of quarterly
national accounts data, that is:
I. We obtain quarterly national accounts of the similar quality as those labelled
definitive with the same timelag as currently recorded for preliminary figures
(about three months).
II. We obtain quarterly national accounts of the similar quality as those labelled
revision 1 with the same tin1elag as currently recorded for preliminary figures.
III. No preliminary quarterly national accounts are compiled, but we have to
confine ourselves to mere trends and forecasts until about two years after the
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actual reference period.
Effects in terms of PEl-values for the three alternatives are illustrated in Chapter
10. For the purpose of our simplified example, we assume that for the user situation
considered in the present research a numerical value of MSEK 10 may be assigned to
each per cent deviation from the optimal loss value, that is each unit value measured by
PEL
In the first two alternatives, production of improved Swedish quarterly national
accounts statistics are assumed, while in the third alternative production of preliminary
and revised quarterly accounts is assumed abandoned.
No specific development plan for improved quarterly national accounts is currently
prepared by Statistics Sweden. Measures are taken more or less continuous, and on an
ad hoc basis. Provided any of the above alternatives is to be planned for, a more coherent
and integrated effort is needed. Possible instruments in order to improve the timeliness
and quality of quarterly national accounts most probably include some or all of the
following steps:
- Methodological developn1ent (adoption of statistical techniques for more
effective estimation).
- More rapid data handling.
- Model based estimation of adjusted preliminary figures (including the systen1atic
adoption of forecasting, smoothing and filtering techniques).
- Improved coordination with, and control of, other statistics produced at Statistics
Sweden and also elsewhere.
- Use of additional in-data sources, within Statistics Sweden as well as external
suppliers.
There are no cost estimates readily available for any of the above efforts. For the
purpose of plain illustration, we here assume the following changes in the aggregate
annual cost expressed in present period value51 • The figures given include additional
recurrent costs for the different alternatives as well as the annual component of the
needed investment.

51 These figures are not based on any detailed calculation, but should merely be seen
as provisional assumptions. It is to be noted that resources in this respect are to be
allocated to the National Accounts Unit at Statistics Sweden as well as to a few other
divisions of SCB and some external data suppliers.
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Alternative I:
Alternative II:
Alternative III:

4.5 MSEK
3.0 MSEK
-2.0 MSEK

The value of the alternative shifts in data availability is to be measured in the
user situation. Based on the results from the PEl-calculations for the 1980s, presented in
Chapter 10, Table 10.1, the following effects are obtained.
Alternative I:
Alternative II:
Alternative III:

+ 0.5
+0.2
- 2.9

Provided a value of 10 MSEK on an annual basis is given to each unit change in
PEl, the following cost/benefit analysis scheme may be constituted for the user considered
here.
Table 11.1

Cost/Benefit Summary for the Illustrative Example

I

0.5

5.0

4.5

Positive

II

0.2

2.0

3.0

Negative

III

-2.9

-29.0

-2.0

Highly neg.

Based on the above assumptions, and the summary figures indicated in Table 11.1,
we may conclude that improvements in the quarterly national accounts in line with
alternative I is cost-effi~ient. It is, however, not worthwhile to aim at a mere marginal
improvement in line with alternative II. The value of provisional quarterly national
accounts as such are not to be questioned, as indicated by the highly negative cost/benefit
value in alternative 11152 53.
In addition, the inclusion of benefits from improved model estimates by using upto-date definitive data, indicated in Table 10.3, may be considered. If this latter situation
is considered, the net benefit of alternative I will assume a substantial amount.

52 Quarterly national accounts still have to be calculated. The difference as compared
with the current situation being that resources for early compilation and publication are
saved.
53 At the same time it may be possible to substantially improve the quality of
forecasted definitive quarterly series as compared to the simple trends used here.
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The PEl values noted above refer to an individual application. In the present
CBA-framework only a few main uses relating to regular stability analysis considered by
the National Institute of Economic Research (KI) and by the Ministry of Finance are
considered. This means that other uses and users are considered external, offering
additional value not quantified here, but added to the accumulated consumer surplus. The
expression of PEl in monetary values was discussed in Section 10.3. The exact valuation
depends on the users and specific usage situations considered. In addition to an
aggregated valuation, individual goal variables may be considered as illustrated in Chapter
9 and 10.
Even in cases with a positive anticipated consumer surplus resulting from
improvements in data quality (in terms of, for example, improved timeliness for accurate
quarterly national accounts), the question of how to finance the effort remains. In
principle, three different ways are open for consideration:
- Request the investment and additional running costs to be covered by
government grants in the ordinary budget process.
- Use available internal resources to cover the investment and require the
additional running costs from government, or alternatively, charge the main users
for the increased running costs.
- Let the main users pay directly for the entire improvement, provided they
consider it worthwhile (introduce direct user charges).
It may be argued that the last alternative does not call for any direct cost benefit
calculation of the value. However, the difference may only be that in this latter alternative
the valuation is to be carried out by the main users themselves instead of by the producer.
This in turn would offer a less intricate priority setting procedure for the producer. It is
not possible to decide which alternative may be most likely to follow a priori. However,
the general trend in financing statistics production is to allow for strengthened user
control. This indicates a road away from the first of the above financing alternatives.
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12. SUMMARY AND CONCLUSIONS OF PART II

In the first part of the thesis focus was given to production, dissemination and availability
of statistical information. The concept 'quality of data' was introduced and discussed in
this context. Accuracy aspects, constituting one quality domain, were given special
attention. Part I was concluded with a study of deviations between various realizations of
the 'same' observations. Revision patterns as observed during the 1970s and 1980s were
documented for a number of Swedish and international central economic variables.
Overall, substantial deviations were observed, illustrating one component of the total
error in data.
In Part II, the focus has been on effects of inaccurate data in econometric
modelling and effects in the analysis stage when models based on partially erroneous data
are considered. Initially, standard results for the bias component of parameter estimates
when using OLS in the case of errors in explanatory variables were referred to. In
general, (negatively) biased parameter estimates are expected in this situation. For the
special case considered in this research, based on incorrect data for merely the last few
periods, a simulation study was conducted in order to detect possible biases. Actual
deviations recorded in Part I were used for that simulation, as well as for all the
subsequent studies.
The results of the simulation study in Chapter 7 point at substantial effects of
inaccurate data, even when only a few periods and just a subset of explanatory variables
exhibit inaccuracies. The numerical results are dependent on the levels of variability in
explanatory variables as well as on the precision of the original estimates. Counterbalancing effects, that is estimates exhibiting positive bias, are also recorded on
parameters associated to variables measured without errors. The results are by and large
in line with those expected from available theoretical studies.
In Chapter 8, the concept 'structural change' is considered, and tests of possible
changes in the underlying structure carried out. Two relations from the Macro Model of
Appendix 2 were selected for special consideration in this context. These were found not
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to exhibit structural change for any of the considered estimation periods54 • A special
simulation study was designed to analyze effects of errors in data on the usefulness of two
commonly used test statistics for structural change, the CUSUMSQ and the MOSUMSQ
statistics. As a result of this study, high proportions of false rejections of the nullhypothesis that is no structural change, are revealed. Tests carried out on the theoretical
confidence level 5 per cent result in actual rejection levels between 11 and 37 per cent,
measured by CUSUMSQ, when preliminary figures are used for the last 16 of the 60
quarters in the estimation period. Also the MOSUMSQ statistic give results parallel in
character, though not of the same magnitudes. When preliminary data are utilized for the
last few periods, the considered test statistics can not separate the situation with no
structural change from those alternatives with structural changes modelled into the
comparison, unless the change is substantial and occurs already in the middle of the
observation period. In summary, this means that the actual power of the considered test
statistics is much lower than assumed from the theoretical confidence levels reported. The
two considered test statistics are thus not very appropriate for testing for structural
change when some observations are merely provisional in character. A clear warning for
a mechanical use of the tests in such situations is thus raised.
Econonletric models are developed and estimated in order to be used for a
multitude of different purposes. Such uses include functions as a basis for economic
analysis, policy studies and planning endeavors. In this context, inaccurate data may affect
the results in different ways. One source is given by errors in parameter estimates
resulting from the use of partially inaccurate data when estimating the utilized model, that
is the situation discussed in Chapter 7. Further, errors may result fronl the use of
erroneous starting values in planning and forecasting applications, that is lack of exact
knowledge of the current situation. A third source of inaccuracy, when model-based
planning tools are used, results from inaccurate exogenous forecasts. This latter situation
has not been further considered in the present research, but has been discussed elsewhere
and found to be of fundamental importance for the overall quality of a planning
procedure, Ekl6f (1989).
When model-based approaches are used for policy analysis and planning, it is
important to consider possible effects of inaccurate data on the resulting proposals. For
this purpose, a sinlple framework for modelling and planning has been sketched,
Appendix 1. This includes the use of an optimal control approach and the specification
of a separate criterion, the Planning Error Indicator (PEl) to quantify deviations between
the target situation and any actually attainable position resulting from use of the model
system in question. Based on this framework, effects of inaccurate data in a formalized
planning context are considered. Deviations between proposed strategies resulting fronl
use of altogether 'correct' (definitive) initial data and correctly estimated models, and
merely provisional ones (erroneous data) are considered.

54

Except in one alternative when definitive and preliminary data were pooled.
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The recorded relative differences measured in terms of the PEl are not extremely
large. However, when individual goal variables are scrutinized, substantial deviations
between the situations with definitive and preliminary data are detected. These do have
policy implications and point at the danger of basing a planning procedure on models
estimated with preliminary data and/or inaccurate starting values.
In Chapter 11, finally, a model for more formalized cost/benefit calculations for
statistics is devised. The approach is not readily applicable for a multitude of situations
due to problems of quantifying both the benefit and cost side. It may, however, offer a
framework for a more structured analysis of the cost-effectiveness of statistical data of
varying quality. The chapter is concluded with a simplified example in which a few aspects
of the framework is further illustrated. In this example, the value of improved provisional
quarterly national accounts is clearly shown.
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SUMMARY
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The thesis is concluded with a summary of the research in Chapter 13. This also includes
a few specific proposals for further consideration. Sonle of these should be seen as ideas
for possible implementation in regular statistics production. Others are more to be seen
as suggestions for possible future research in the field of applied data quality analysis
including effect studies.

191

13. CONCLUSIONS AND COMMENTS TO THE STUDY

In this thesis we have considered various qualitative aspects of economic data, and effects
of using data with varying quality in policy analysis and planning. Part I focussed on the
determination of actual quality in available sets of data, while Part II addressed the
overall question of effects of varying data accuracy in modelling and analysis. In the
previous chapter, finally, a formal model for cost/benefit valuation of statistical data of
varying quality from the users' perspective was outlined.
In this concluding chapter we briefly reiterate the main results of the study, and
present some conclusions relating to the research objectives, Section 1. The general
approach enlployed here is further commented in relation to the overall purposes
specified, Section 2. In the final section, some proposals for further theoretical analysis
and practical implementation in order to improve production, dissemination and use of
economic statistics are presented. A few suggestions for possible future research activities
are also briefly indicated.

13.1 Main Conclusions
The following nlain results and conclusions are derived from the present study. They are
presented here in the same order as considered above, that is starting with results
concerning data quality aspects. Subsequently, effects of using inaccurate data in
I
modelling, policy analysis and economic planning, as well as some cost/benefit
considerations in this context, are presented.
I.

Production, Dissemination and Availability of Data
- Quality declarations accompanying statistical series in printed publications as well
as in computerized databases in order to guide the users are scarce and generally
far from self explanatory.
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- User oriented quality presentations of composite economic statistics like national
accounts aggregates are almost entirely lacking, or at least difficult to utilize for
anyone not being an expert user.
- It is far from self-evident how the actual data quality in a broader sense should
be evaluated and presented. True reference figures are usually lacking, and the
production process for generating numerical data is often composite in character
making estimation of precision measures intricate. Many interrelated production
steps are involved to constitute central economic statistics, and standard statistical
quality criteria for obtained estimates can not always be calculated in traditional
ways based on a survey approach.
- One possible model for action-oriented valuation of the data quality is given in
Chapter 4. This is based on the assumption that what is required in terms of
specific information may be a priori specified, and it is possible to successively disaggregate the deviation between the required quality of the sought quantity and
what is available. The resulting error or deviation components may then be further
considered in order to carry out cost-quality analyses.
- For many statistical series, preliminary, revised and definitive figures are
published in sequence. A comparison of such alternative realizations may be taken
as one indicator of variability in the data accuracy. The assumption behind such
a conlparison is that revisions successively converge towards the 'true' value. This
means that the distance between the first and last estimate of a pre-defined
quantity may be interpreted as a proxy of one error component. It is noted that
users are often not aware of these discrepancies between preliminary, revised and
definitive estinlates, or at least do not explicitly take such inaccuracy into account.
- Substantial variations are identified based on studies of deviations between
preliminary, revised, definitive and ultimately adjusted figures for a nUlTlber of
Swedish and international economic series. Systenlatic parts as well as stochastic
components are found. The description of the economic situation differs widely
depending on which realization is chosen for central variables like GDP and other
national accounts aggregates. It is furthermore found that the discrepancies
between successive realizations are not always stable over time.
- The overall levels of deviation between realizations are not particularly different
from those observed in USA, Canada and England for similar series. However, the
systematic components appear less stable over time in the Swedish series
considered, than in a number of foreign and international series. This means that

193

any attempt to model the revision pattern, if at all meaningful, calls for detailed
investigations and analysis.
- Long series for some economic variables are recorded in numerical databases.
Swedish data are available in a number of domestic as well as international
databases on computer media. A comparison of the 'same' observations in three
databases reveals somewhat varying pictures for the development of the Swedish
economy, measured by six central indicators, depending on which database is
utilized. On the whole, alternative principles for updating databases with revised
and definitive figures are noted. In many instances available time series are
conlposed of a combination of adjusted, definitive, revised (different number of
times) and preliminary observations for the same variable.
II.

Effects of Inaccurate Data in Modelling and Policy Analysis
- The effects of using preliminary data for modelling and analysis of economic
systems are considerable. Combinations of data originating from different
realizations (preliminary, revised and definitive) result in (negatively) biased
parameter estimates for these variables, and thus generally inadequate models for
analysis and planning.
- The power of tests for possible structural change are affected if definitive and
preliminary data are combined for the observation period. Recently suggested
methods like CUSUMSQ and MOSUMSQ are seriously affected, and the risks of
incorrectly rejecting the hypothesis of structural stability in such situations are
substantial.
- Fine-tuning of economic systems is found ineffective for a number of reasons.
Ample documentation of failures to closely control macro economic systems by
means of active stabilization policies is available. Here, one more reason calling
for caution in the use of active policies is added, that is lack of accurate and timely
data. In this context, it is worth noting that also policies based on more 'strict rule'
principles require access to appropriate and timely data.
- Simulations carried out using actual deviations observed above, point to severe
effects both in the modelling and the policy analysis stage. In general, policies
based on a combination of definitive and provisional data result in more active use
of available instruments than in alternatives based on access to definitive data
throughout.
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III.

Cost/Benefit Valuation of Varying the Data Quality
- In order to determine the relative value of statistics with varying quality, costs of
producing such alternative sets of data as well as their respective value for the
users have to be considered.
- On the cost side, it is not always possible to associate detailed resource
requirements and costs of these to varying data quality in a strict sense. However,
indicative estimates may be possible to obtain in a number of instances.
- The benefit side should be valued in the usage situations. Statistics may be seen
as a public utility. The value for an individual user is not reduced by another user
gaining access to the same data, at least not as a rule55 • In most instances, no
price tag is associated with the use of individual sets of data56• This nleans that
the consumer surpluses can, in principle, be added for all users of the same sets
of data in order to arrive at the gross value for the user collective.
- One way of quantifying the benefit of inlproved data quality for an instrumental
user it through the application of an optimal control approach. Such a framework
offers a single valued loss to be specified. In a second step this value, however, has
to be transformed into a monetary scale in order to allow a comparison with the
respective costs of data production.
- No explicit or genuine evaluations based on the outlined cost/benefit framework
have been carried out in the present research. In practice, a strict application of
the sketched model may only be possible to conduct for a limited number of
central time series and more operational uses of the considered statistics.
However, the general approach is found valuable not least as a means of
communication between the major users and producers.
- From the simplified example presented, it is noted that even modest inaccuracy
and deviations from requested information may result in substantial error levels
(in-optimalities) when used in policy applications. The value of speeding up the
production of estimates with appropriate quality is highlighted in this context. In
the illustration chosen, it is found that the value of improved timeliness of 'good'

55 There are, though, situations when the value for one user is dependent on the
uniqueness of data availability.
56 Except, possibly a nominal charge for a publication or access to a computerized
database. On the other hand, the search costs for finding required data could be
substantial.
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estimates may be higher than the associated expected costs, even if only a few of
the main uses of the resulting quantities are considered.

13.2 Possibilities and Limitations of the Framework
The main purpose of the present study has been to quantify the actual quality of available
economic statistics, and to consider some effects of alternative data quality in policy
analysis and planning. In practice, rather short series are available and used for modelling
economic systems. Thus, the research focus should be on small sample properties if
realism is sought. Analytical solutions for the considered issues are primarily available for
asymptotic situations and found less relevant here.
The main technique employed in the first part of the thesis is comparison of
empirical observations. This has been done by way of a priori selecting a few variables
and time periods for consideration. Figures actually available representing alternative
realizations have been collected from sources made available to main users of the said
statistics. The study is not extremely comprehensive, but representativeness in ternlS of
required data for the econometric model utilized, has been aimed at.
For the effect studies presented, numerical simulation is primarily used. The
overall approach to policy analysis and planning has borrowed characteristics from
systems analysis and optimal control techniques. The simulation exercises are conducted
on (parts of) a small econometric model of the Swedish economy. Application of a
simulation approach limits the possibilities to draw inference. A number of alternatives
referring to pre-defined planning situations based on application of the Macro Model
have, though, been considered in order to give some indication of stability properties for
the obtained results.
The chosen policy and planning framework does not directly map how such
activities are carried out in practice. However, the approach offers a model to
systematically illustrate and detect effects of alternative value assumptions in the process,
and is thus found appropriate in the context considered here. The overall framework is
found useful for the purpose of specifying appropriate quality of data, analyze the
sensitivity to alternative realizations and for setting priorities in terms of resource
allocation to the compilation of various series and to different stages in the data
production process.
In the valuation stage, a traditional cost/benefit approach has been employed. This
is not unique or genuine, but based on standard economic reasoning. At the same time,
it is noted that such a systematic approach has previously only been used on a limited
scale for setting statistics priorities. Two critical obstacles have to be addressed in order
to be able to employ the framework properly. Firstly, a relationship has to be established
between actual quality of data and costs. This function is only rarely available in practice.
It is, though, found not entirely impossible to constitute for certain situations. Secondly,
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effects in the policy utilization stage of varying data quality have to be valued in
accordance with the same scale as the costs are expressed in. This means that monetary
values have to be assigned to measured benefits expressed in terms of improved analysis
and planning quality.
It is hardly possible to carry out strict cost/benefit-calculations on a large scale.
However, the general approach may be employed in a number of situations, and it may
constitute a framework for communication between users, financing bodies and producers
of central economic statistics.
Priorities in data production are often set informally. Techniques which lift the
resource allocation problem to the surface are to be preferred, even if they may only
occasionally offer straightforward decision rules.

13.3 Proposals
Statistics on central economic characteristics are widely used in society, both for
operational purposes and in research, and as a background for discussion and general
information. It is thus of fundamental importance that the contents and quality of
available sets of data are based on actual user requirements. Resources should be
allocated to this production process as long as the marginal value exceeds the marginal
cost. The present situation in terms of user support for economic statistics is far from
perfect, and the knowledge of actual quality of data is defective among users as well as
among producers.
In order to improve the situation, a few proposals are listed below. In the first
group, some ideas for consideration by statistics producers and financing bodies are
indicated, and in the second a few ideas for more research oriented studies are given. It
should be noted that the discussion is not so much focussed on new schemes for primary
data collection, but rather on more efficient utilization of available primary information.
There are clearly possibilities for improvements of the current situation. The basis
for qualitative improvements without having to allocate extensive extra resources are
good.
I.

Intprovement of Statistics Production and Dissemination
- Establish a standing committee for methodological development and review of
central economic statistics. Such a committee should be composed of
representatives for users and producers as well as academic researchers. One of
the duties of the proposed committee should be to regularly publish revision
pattern studies of national accounts aggregates, and a few other central economic
series. This may be done along similar lines as in USA, see Chapter 5. Another
duty of such a committee would be to commission research on data quality aspects
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and potential improvements, also this sinlilar to what is done in USA.
- Develop the knowledge of the actual quality of data. This may be achieved by
regular follow-up studies and evaluations of the statistics production and
compilation process.
- Error conlponents and sources in the production of composite statistics should
be further studied, for example by means of sensitivity tests and robustness studies.
- Develop a system for user oriented data quality declarations to accompany all
publications of central economic statistics. In order to improve the system for
quality declarations, in-depth understanding of user situations by the producers of
regular economic statistics are called for.
- Conduct cost/benefit studies on a pilot basis for a few central series and main
applications in line with the sketch in Chapter 11.
- Prepare a database with long time series of comparable observations. Do not
pool preliminary and definitive data in the same series. Specify which realization
a certain estimate refers to.
II.

Ideas for Further Research

- Model-based correction patterns should be developed and tested on a wider
scale.
- Further develop the sketch to a cost/benefit model outlined in this thesis.
- The compilation of a consistent historic database of central economic series calls
for research in terms of techniques for back-casting and combination of data fronl
alternative sources. Both statistical and subject matter knowledge is required for
such a task.
- Derive analytical results for situations considered above whenever feasible.
In conclusion, the present research points to considerable discrepancies between what is
required and what is available in ternlS of economic data for short and medium term
analysis. These discrepancies, illustrated in terms of qualitative inadequacies, have
negative effects when data are used for modelling and planning. Finally, as long as the
marginal value of data exceeds the marginal cost, additional resources for improved data
quality pays for the society as a whole.
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APPENDIX 1

ASPECTS OF POLICY ANALYSIS AND PLANNING
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The purpose of this Appendix is to constitute a framework for considering the value of
data. We focus on the use of statistical data for economic analysis and policy planning.
It is to be seen as a methodological basis for the empirical work reported in Part II. It
also ain1s as an introduction of a n10del to calculate the value of statistical data of various
quality aspects.
We employ an application orientation towards data quality. The actual application
considered here refers to regular economic planning. However, the approach may be
applied to the use of statistical data for a number of various policy situations. Thus, the
scope is initially widened in the following, and a model of the various stages in the
economic policy process are considered.
In Chapter 1, a model of the decision making process is introduced. In this general
model, regular economic planning is seen as one instrument composed of a series of steps
within the overall framework of decision making. In Chapter 2, the scope is narrowed,
and focus is given to the planning process per see
In Chapter 3, an optimal control technique is introduced as a tool for systematic
analysis of the policy decision process in economics. The purpose of this chapter is not
to argue for a straightforward application of optimal control techniques in regular
economic planning. However, the framework is found to be useful when formalizing
planning situations. Optimal control may also be used to compare policy strategies in a
systematic fashion. In this way it is also possible to compare effects of alternative data
quality in planning.
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1.

ANALYSIS, PLANNING AND DECISION MAKING

Economic Policy Planning and Analysis are not well-defined concepts or activities. On the
contrary, they mean different things to different people, and also have different meanings
in different contexts. In this chapter aspects of empirical modelling, planning and analysis
on societal level are introduced. The purpose is to present a consistent framework which
may be followed in order to evaluate effects of varying data quality.
In the first section, economic policy nlaking is considered in a rather formalized
and model-based fashion. This constitutes a background to the more specialized aspects
of economic planning and the value of statistical data considered later on.
In Section 1.2, a few aspects of models and modelling in economics are discussed.
The purpose is to cover factors found to be of importance in considering the effects and
value of statistical data of different quality.
Section 1.3 offers a brief introduction to the concept of policy planning in a small
open economy. Main policy goals and economic instruments are extracted from what is
said in official policy documents.

1.1

Formulation of Economic Policies

Given a broad definition, the term 'economic policy' may cover all activities from
the first definition of a problem about the economy and its performance, through the
creation of a plan and the choice of a strategy, to the implementation and evaluation of
the plan taken. In a more narrow sense, the concept economic policy may be associated
with the different steps from a well-defined problem formulation to the formulation and
implementation of a proposed 'plan of action'. Seen from a broad perspective the term
includes all the steps illustrated in Figure Al.l, while in a narrow sense, economic policy
planning merely applies to the stages of identification and analysis of alternatives.
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Figure AI.I
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This figure illustrates the different steps involved in all kinds of policy analysis and
planning on societal levels, irrespective of whether these activities are supported by
quantitative techniques and model calculations or not. In this process we take the goals
as externally given. Thus, the initial stage is the formal identification and definition of the
problem at hand, that is the source of needs for actions to be taken. Problem
identification may be the automatic result of a regular control and auditing system. More
often, however, the problem may be observed through formal or informal communication
from concerned econonlic agents, individuals, or interest groups. Provided the problem
is recognized by the government, steps to identify possible measures for the solutions can
be initiated. As a result of this stage suggested solutions are considered and compared for
feasibility, efficiency, possible side effects, etc.
Most policy alternatives have effects on a number of agencies and organizations.
Thus, it may be necessary to anchor the proposed strategy among those agencies and give
instructions concerning implementation in advance. This stage should result in a decision
of strategy or policy to be followed. The intplementation phase then follows. This stage,
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too, may be wide-ranging and intricate. In some instances, series of formal complementary
decisions are needed in order to accommodate the general proposition arrived at.
Policies must be followed up. Most often this is done in an informal and ad hoc
fashion. Explicit evaluation of a policy step may be decided on from the beginning. This
is, however, not so common a procedure. Instead an evaluation study may be initiated as
a result of (negative) feedback, that is criticism of the policy effects from concerned
bodies. From these steps needs for further changes and modifications may be identified,
and the planning cycle is started afresh. For many processes this kind of cycle has been
formally institutionalized and is regularly run. An example of this is the annual
government budget.
It can be argued that the above diagram is merely a normative description of the
planning process. In practice, economic policy is much like social experimentation, lacking
most ex ante calculations of possible effects. For sure, the process might turn out to look
like successive iterations generated by negative side effects of previously taken measures.
The lack of formal effect estimates ex ante, may be caused by the understanding that
these are always merely guesses and indications of possible outcomes. Nevertheless,
considerable efforts are put into planning activities on different government levels as well
as in business. The costs of entirely wrong actions and measures are indeed inordinately
high.
Economic processes may be managed and audited either by output measures or
by (strict) rules and regulations. In practice most processes are steered by a combination
of these two. The needs for quantitative information and numerical data varies between
the two extrenles.
In general, we are most often lacking objective criteria to determine which policy
models and techniques are to be preferred in a given situation, and for a given planning
problem. The scientific testing of alternative techniques is very seldom possible. This
reflects the fact that economic analysis and planning may be seen as much as an art as
it is a science. However, the need for normative guidelines for choosing appropriate
procedures is often stressed by politicians and businessmen, as well as by the technicians
themselves. It is certainly not only a question of technique, though techniques are very
often strongly interrelated with the question of basic assumptions and value-premises. This
is equally true when formal procedures are utilized, as when planning is based on
informal practices. There are no genuinely objective plans or planning techniques. Instead,
the important challenge is to openly present value judgements, that is to explicitly sort out
all assumptions from the purely technical calculations and further specify all intermediate
steps. This challenge is not always met in practice, though. The purpose of this appendix
is to offer a sketch for such a framework.
Analysis activities are called for in many of the above sketched stages, for example
to generate hypotheses, compare alternatives, follow-up development, and for evaluation
of effects.
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1.2

Models and Modelling

Models are important instrun1ents for economic analysis, as well as for scientific studies
in many other sciences. The main theme of our research is to throw some light on the
effects of varying data quality in quantitative econon1ic analysis and planning. Thus, a
model approach is inevitable. In the following some aspects of models and modelling in
macro economic analysis is considered. The presentation is concluded with a few
comments referring to the use of forecasts and forecasting in this context.
The concept model is used here for a (simplified) description of a real system.
Thus, an economic model is a description of an economic system. Models can be
expressed in many different forn1s like icons (maps), analogies, or symbols depicting
mathematical relations etc. We will limit the scope to models expressed in the form of
n1athematical relations. With an econometric model, we simply mean a mathematical
model of an economic system. It is common to restrict the concept econometric model
to situations with two or more interdependent relations. For our purposes, single relation
models of an economic system are by and large unrealistic.
The relationships expressed in a n1athematical model can be either exact or
inexact. For economic systems it is only rarely possible to define any exact relations. In
the following we focus on stochastic, that is, inexact relations.
The structural form of an econometric model is generally expressed in the
following manner

(Al.l)
where Yt is a vector of current endogenous variables, Yt-l to Yt-p vectors of predetermined endogenous variables, xt to xt-q vectors of current and lagged instrument
variables, and ut to ut-z vectors of current and lagged exogenous variables. ~, Bi and Ci
represent coefficient matrices and e i a vector of random disturbances with mean 0 and
a diagonal variance-covariance matrix. Given that An is non-singular, the reduced form
may be derived from (Al.l) as

(Al.2)
Modelling of economic systems is traditionally made in a sequence of steps. The
first step is to give a specific definition of the systen1 at hand. This is followed by
specification of a proper model structure. Given this, the parameters of the model have
to be estin1ated. Unless the model is entirely detern1inistic, this must be done in a
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stochastic framework. Once the model is developed, it has to be empirically tested and
evaluated before operational use. This standard process of modelling is presented in most
text-books on regression analysis and econometrics, and will not be discussed in detail
here. A more elaborate discussion of these aspects is offered in Ekl6f (1989). The process
is discussed in standard econometrics textbooks. Three different approaches to
econometric modelling are discussed and compared by Pagan (1987). However, a few
points of special relevance for the present research will be indicated and commented in
the following.
One of the first issues to consider in all empirical econometric modelling is to find
a balance between utilization of a priori knowledge and sample data. In some instances,
economic theory gives very strict guidelines as to the proper structure of a model. More
often, however, the modeler is left with either a number of alternative theories or without
any strict guidelines at all. In these instances the role of san1ple data, and the individual
background and value preferences of the modeler, become crucial. In this research,
possible effects of differences in personal characteristics of the modeler or research team
will not be further discussed. However, it is important to realize that the modeler's
discretion is significant, and especially so when the theoretical basis is weak. The
in1portance of value prejudices in social and economic sciences is considered in Myrdal
(1958).
Furthermore, if the interdependence between the system and the environment is
very strong, the possibility of redefining the system under study should be considered. This
is the same as going from single equations and small isolated models to larger
interdependent systems and econometric modelling. The ideal situation is at hand when
the causality goes only from the environment into the system, but no feedback is present.
This is certainly a rare case. However, in many actual situations the feedback from the
system under study and the indirect reactions from the environment are weak compared
to the direct causal effects. Possible relations between the environment and the system
are illustrated in Figure A1.2.
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The importance of expectations in a macro planning and control context has
attracted much interest. The fact that economic agents anticipate exogenous changes and
future policy measures makes economic planning much more conlplicated. This problem
is discussed fronl a theoretical point of view in Ackoff and Emery (1966). One way of
approaching the problem is to model expectations explicitly in the econometric system.
At least four different hypotheses may be separated here, modelling of trend expectations,
rational expectations, adaptive expectations, and generalized expectations patterns. There
is voluminous literature on this theme, but not much in applied work.
Since the early 1970s, there has been a trend towards developing very large
econometric models, which are solved more or less simultaneously. There exist some
models of the U.S. econonlY involving one thousand relations or more, like The Brookings
Model, the DRI, and the Chase Econometrics model. The Cambridge Model of the
British economy incorporates some 1200 relations, see Baker (1980). The Treasurer's
Model of the British economy includes some 500 relations, Ball (1978). However, it
should be noted that far from all relations in these models are stochastic. Quite a few
represent definitional identities. There is also an ambition to integrate national models
into regional or even global networks. The World Bank, the OECD and the UNCTAD
model systems, Llewellyn and Samuelson (1982), represent just a few examples of this
category of endeavor. Another trend is illustrated by the LINK-project, aiming at linking
a large number of national models into global systems.
There are at least three reasons for the development of huge models and interlinked systems. The belief that economic systems, by and large, are interdependent and
the interaction between different parts is very strong constitutes one. A second reason is
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a desire to dis-aggregate the models in order to arrive at statements for single industries
and sectors of the econonlY. This may be achieved only if low level variables are included
into the comprehensive models. There is also a trend towards constructing macro-models
from individual company and corporate models. An exanlple of this micro-to-macro
approach is given in Eliasson (1978, 1985). Even though such large scale models can be
very useful and valuable, there are also obvious problems in their application. Finally, the
development in computer technology has made it mathematically possible, and relatively
cheep, to estimate parameters of large and interrelated systems. A lucid critique of this
traditional modelling and development of huge model systems is given in Sims (1980). The
so called Lucas-critique has become a more or less standard starting point when
possibilities and limitations for active economic policy work is discussed. The interest
during the 1980s has more and more switched to time-series modelling. One example of
this for multi-relation systems is to use a Vector Autoregressive Modelling approach
(VAR-models). A renewed interest to also develop structural models is currently
observed.
Here, we will not be concerned with large scale model applications, or any of their
special problems. Instead, we have tried to minimize the dimension of the developed
models as much as possible. The ambition to arrive at parsimonious models is dominating.
This is in part motivated by the specific research problem at hand, i.e., to study the
interaction between statistical data and policy planning. The role of data, generally
speaking, does not decrease when the system is extended, but the possibility of isolating
effects of varying data quality may diminish. Specific problems involved in planning by
means of large models are discussed in for example Ball (1978). Stochastic analysis and
control is difficult to carry out using large econometric models. The computational
requirements and problenls of comprehension are so great that large models may in fact
be inefficient, in spite of being rich in terms of relations. The suggestions in the two
references are to utilize small and medium scale models, for example in the form of
control systems, of larger models, in order to study policy options and feasible
alternatives.
Economic planning is by definition directed towards the future. Thus, assumptions
and statements concerning the future are important. These assumptions can be given in
the form of predictions or forecasts. They may be considered answers to the questions
what, when and how will changes occur in the system under study, as well as in the
environment.
The forecasting problem may be stated as finding the future (expected) values for
Y t at time t, where Y t can be vector-valued. In certain instances one is not only interested
in the expected values, but moreover in the distribution of Y t , for example including
possible variability in forecasts. In some instances, the main interest may be focused on
the value of Y t at the end of the planning horizon, while in other instances it is equally
important to consider the entire development over time. This is parallel to the question
that was raised in the earlier discussion on modelling.
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All existing forecasting methodologies are based on the single paradigm that
something about the future may be learned from history. In some techniques the
assumption of history mechanically repeating itself is imbedded, for example through a
trend function. In other techniques, more composite or complex assumptions concerning
the interaction and determination of events by exogenous factors and system dynamics in
combination are involved.
Parallel to the above discussion on system specification, it is possible to make a
distinction between forecasts for direct mapping and forecasts as a basis for control. A
mapping can be seen as a forecast of a passive, uncontrollable nature, while a control
forecast should be seen as an instrument or means of regulation. The difference between
these two cases can be illustrated by examples. First consider a marginal coffee cashcropper in Ethiopia. His planning problem may be to decide on the acreage for coffee
plantations. In order to optimize his expected profit he needs information - in the form
of forecasts - on probable future coffee prices. Furthermore, he may need assumptions
on future prices of oil and fertilizer. These exogenous forecasts are needed in order to
make a proper decision on investment in coffee production as opposed to food crops. For
him, all these input data are uncontrollable given facts. It is entirely impossible for him
to control or even influence the price trends of either his output or inputs for the coffeeproduction.
As a second example, consider the Swedish government faced with forecasting the
inflation rate for the next two years. In the first step an unconditional forecast based on
the assumption of no (new) government activities or involvenlent directly devoted towards
the control of the inflation is generated. Possibly, the obtained forecast is found
unacceptable for a number of reasons. Thus, policy alternatives directed towards the
control of inflation are considered. This means that the first forecast is not interesting as
such ex-post, as the inflation has been exposed to control in a later stage. Nevertheless,
the first forecast was important within the policy planning process per see
In the following, a few concepts concerning forecasts are commented in order to
give a basis for the empirical work in this thesis.
The predictability of economic events may be discussed from various standpoints.
In a theoretical sense, some processes are not at all predicable by scientific methods. An
axiomatic formulation of the predictability of economic events is given in Jordan (1980).
On the other hand, assumptions and anticipations of future events may always be
generated. In practice the number of situations characterized by total ignorance are not
so frequent. Here, we take the position that the informative content of a forecast is
related not only to its quality as such, but also to its surprise-value, that is the degree to
which it questions or rejects conventional knowledge and expectations.
In any evaluation of forecasts it is important to distinguish between different
situations. In the case of pure mapping, simple forecast versus actual performance criteria
may suffice, whereas more elaborate techniques are needed for the evaluation when
forecasts are integrated in a planning or control system. In many instances forecasts are
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either self-defeating or self-validating. Thus, the entire planning system should be
considered in the evaluation phase, and not merely the numerical comparison of ex-ante
estimates and ex-post figures. Game-theoretical approaches may be adopted in certain
cases for this task. This means that the interaction between economic agents is considered
and the existence of conflicting interests and attempts at control are specifically
recognized.
It should be noted that all forecasts concerning open systems are conditional
statements. They are conditional on various aspects of the environment. Strictly speaking,
it is not possible to produce any unconditional scientific forecast for an open system.
Neither is it possible to give any global a priori quality declaration to a forecast for an
open system. The precision can be evaluated only in relation to the information on
exogenous variables fed into the model, and ex-post by way of studying the actual
forecasting performance.
For some central variables numerous forecasts are presented at regular intervals.
Pooling of forecasts has become a theme of study in its own right. For a recent survey of
possibilities and limitations for improving the quality by combining forecasts see Bunn
(1989).
Forecasts enter the planning process, as it is seen here, in two different stages.
First, forecasts are needed for influencing variables exogenous to the system under study.
Second, forecasts are generated in the planning process for the goal variables in order to
propose the best policy alternative.
The endogenous forecasts for the goal variables are obtained as solutions to the
employed causal model. They may be seen as answers to a number of 'What if questions.
What if the exogenous variables develop in this or that way and the policy instruments
are utilized in a presupposed way?
Forecasts of the exogenous variables may be obtained in a number of different
ways. They can be taken from available open publications or bought from commercial
sources. Furthermore, they can be generated internally.
The use of exogenous forecasts and experts' expectations is considfred in Brown
(1981). The economic columnist Livingston concludes from a comparison of a large
number of forecasts that the given information is extensively under-utilized, in spite of the
fact that given forecasts are nearly unbiased. However, it is also noted in the above study
that the forecasts are exposed to large variations.
In some economic planning -applications, the interest is focused on what may be
called an early warning system, while in other cases the interest is on long-term trend
development. The role of and requests involving forecasts differ considerably between
these two situations. In the first alternative, it is crucial to keep track of the short run
fluctuations, at least above a certain amplitude, and on turning points. In the second case,
short-term fluctuations are just a source of disturbance, and should be eliminated as much
as possible in order to detect the overall developments over time.
A distinction should be made between the structural analysis of the system or
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process on which the forecast is based, and the generation of forecast values per see The
latter task is often carried out in a fairly mechanical way, even though the structural
analysis may be complex and comprehensive. Generally speaking, forecasts may be based
on a large nunlber of alternative structural models and assumptions. An econometric
model is one way in which forecasts of endogenous variables can be generated. However,
only a small fraction of all produced, published or utilized forecasts are created from
formal causal analyses and models. If this is a bad or good situation is a constant issue
of controversy. Here we will not try to analyze this question, but only note that in a
number of ex-post tests, economic forecasts generated without the assistance of
econometric models, and even without any reference to causal aspects, have proved
comparatively accurate. An example of this kind of comparison is given in Bruggemann
and O'Neill (1980).
The choice of appropriate technique for generating forecasts is strongly dependent
on the formulation of the forecasting problem. Among factors important for the choice
of techniques are forecast length, theoretical knowledge of the subject area, availability
of subject area experts, availability of historical data, as well as possible existence of
system dynamics and turbulence. In a paper by Chatfield (1988), a number of different
forecasting methods are compared.
The exogenous forecasts used in the empirical part of this project are generated
through combinations of many of the above introduced techniques. To take a single
example, the future volume of industrial production in the OECD-region, which is used
as an indicator of the external demand for Swedish commodities, is taken fronl the report,
Economic Outlook, OECD (1978). The process to arrive at this specific series of index
numbers is illustrated in Figure A1.3. Combination and pooling of forecasts is an
important feature in practice.
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Figure Al.3
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1.3

Policy Planning -Aspects

Economic planning as a tool for policy formulation and decision making has been
touched upon in the introduction to this thesis. It was spelled out that effects of varying
data quality in planning situations constitute the focal point of study. This means that we
are not concerned with the foundations and mechanics of planning per se, but rather on
the effects of having access to data of variable quality in planning. In the following, some
concepts and definitions directly relating to our theme are briefly discussed.
General surveys of economic planning issues are presented in many textbooks.
However, there are rather few studies -reported on econometric and optimal control
models of the Swedish economy. A brief literature survey is given in Brannas & Ekl6f
(1980), and in Ekl6f (1982). Since the early 1980s, the number of new studies referring
to Swedish conditions is limited.
Economic planning can be defined either from the standpoint of what it consists
of, or what it is directed toward. Here, the purpose of economic planning is assumed to
be the same as for overall efforts in the economic field, that is: 'to allow for a best choice
of alternatives given scarce economic resources'.
This standard definition indicates a number of problems in practice. What is for
example meant by best, best for whom or which interest group, best on which time
perspective? Then, which alternatives are to be considered, and what about the
restrictions? All these general questions will be further touched upon in the following
sections.
Economic planning can be classified according to a number of different
dimensions. Here we will make a distinction in the following taxononlic groups:
-

Planning
Planning
Planning
Planning
Planning

horizon
cycle
level
structure
system

These groups should not be seen as independent aspects of a planning problem.
However, it may help to keep the taxonomy in mind when trying to categorize a specific
planning endeavor.
With planning horizon is meant the time perspective of the plan. Often, one
makes a distinction between short, medium and long term planning. The exact
demarcation between these three classes is not universally agreed upon, and differs from
one problem to another. For a stock broker, for example, long term may be more than
one month ahead, while a forestry econonlist in Scandinavia may limit this concept to
planning problems with a span of more than 50 years. However, it is common at least in
macro-economic planning to make the following indicative classification:
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- Short term is up to one year
- Medium term between two and five years
- Long term is more than five years
There are examples of all these in Swedish government planning. The question of
planning period is closely related to the planning horizon. In son1e instances, only the
result at the end of the horizon is of interest, while in other cases the entire development
through time is crucial. For example, in the case of stabilization it is important to keep
the goal variables as close as possible to the desired values throughout the entire period
of study, not only at the end. The spacing, that is the time unit in a planning problem and
n10del is a function of the way the economic process studied behaves. More frequent
control of the process may be needed for rapidly changing systems than for slow moving
ones. Macro-level official planning focuses on year to year developments and to some
extent also semi-annual and quarterly changes. There is a documented need for more
frequent measurements in a number of planning situations.
The planning horizon and spacing strongly affects the role of statistical data, and
the sensitivity to varying data quality.
With planning cycle we mean how often the planning process is repeated. A first
distinction can be made between regular and ad hoc or issue-oriented planning. A regular
planning process can be repeated either very frequently or only rarely. It is usual in
Sweden to plan in yearly cycles, both in government and in the business sector. As a
complement, quarterly and monthly planning routines are used in many situations. For
certain rapidly changing econon1ic processes, examples of weekly or even daily planning
can be found.
Ad hoc or issue-oriented planning is not repeated at regular intervals, but instead
initiated by some economic event or signal. An example of this is planning caused by
some external shock such as dran1atically increased energy prices. The starting point for
issue-oriented planning may very well be signals obtained from a formal or informal early
warning system, that is, a monitoring system reporting significant deviations from predefined acceptable values for a single variable or an entire system.
It should be noted that most planning routines and systems are developed for
regular planning, while the readiness for issue-oriented planning is often weak. At the
same time, the importance of being prepared to take care of 'unexpected situations' must
be recognized. In the following discussion, we will primarily be concerned with problems
and possibilities in regular economic planning.
The concept planning level refers to the definition of the economic system under
study. This can range from global models to models for single companies or even divisions
of a company. Planning for individual econo1l1ic agents like human beings or companies
is called micro-level planning, while planning for aggregates of economic agents is called
macro-level planning. It has become increasingly common to talk also about meso-level
planning, see for example World Bank (1990a). This is to be seen as a link between the

226

micro and macro level structures. The division into planning levels is not fully hierarchial
since sector-planning can either cover the entire world market for a specific commodity,
or only a small geographical area.
We will associate the concept planning structure with the amount of freedom open
to the planner. It is common to make a distinction between:
- Strategic planning
- Tactical planning
- Operational planning
In this terminology, strategic planning concerns central and wide-ranging problems
for the entire system under study. As few restrictions as possible are considered and most
instruments are assumed to be open for use. Operational planning at the other end
mainly concerns marginal or conditional aspects. Few instruments are free to be used
while much is assumed as given or fixed. Tactical planning falls in between these
extremes. The planning structure is closely related to both the planning level and the
horizon. Traditionally, strategic planning deals with long range problems and wide
definitions of the studied system. Operational planning on the other hand, deals mainly
with short periods, taking goals and resources as given facts, thus focusing on the efficient
utilization of available inputs in order to deliver predefined outputs. The difference
between long-term planning and strategic planning has become more and more spelled
out. There are many short-term planning problems, which are highly strategic in
character.
Finally, by planning system is meant the technical tools and routines used to carry
out the planning process. Here we will make a distinction between formal and informal
systems. Formal planning is used for a situation based entirely on explicit quantitative
models and formalized routines as well as areas of responsibility for the agents in the
planning process. An informal planning system is based on implicit assumptions and
models of the system under study. It should be observed that most planning systems
actually used consist of a mixture of formal and informal procedures. In the following we
will concentrate heavily on formal, model-based planning systems.
The characterization of economic planning is illustrated in Figure Al.4. This is but
one way of classifying various situations. The taxonomy is not entirely unambiguous and
the different dimensions are strongly interrelated, as indicated above.
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Figure Al.4 Characterization of Planning Situations
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Economic planning can be seen either as a game against nature, or a game against
rational economic agents and opponents. In most instances, it is a combination of these
two extremes. In practice there are components of genuine chance as well as opposing
interests in most or many situations. The problem is mainly a matter of the interaction
between the economic system to be planned and the environment. If the causality extends
mainly from the environment into the planned system, the situation approaches a game
against nature. If, on the other hand, the causality is directed in both directions, and the
agents in the environment try to discuss future actions in advance, then the situation
comes close to a game against rational opponents. Macro-economic planning on the
national level has much in common with the latter situation, as is proposed in Kydland
and Prescott (1977), whereas planning for a marginal producer of a well-defined product
approaches the first situation. It is particularly important to take care of expectations in
a situation with strong interactions between the studied system and the environment.
All macro-economic planning has a component of control. No single nation is so
marginal as not to be able to influence or control any of its goals. However, the degree
of controllability varies greatly between countries. For a small open economy, it may
primarily be a matter of adopting or adjusting a limited number of domestic instruments
to externally given facts. In other cases the central policy makers may be in a position to
dominate or even control part of the environment.
The concept of controllability of an economic system has attracted much attention,
especially from a theoretical perspective. In a strict sense, static controllability demands
that there are as many instruments as goals. The static case is extended to dynamics in
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for example Buiter (1980). Buiter makes a distinction between point stable and curve
stable systems. Certain aspects of controllability will be further considered in the
discussion on control theory in Chapter 3.
In applied economic planning, the question is not restricted to controllability in a
strictly theoretical sense, but extends to the issue of speed of adjustment or control. In
practice, many econonlic systems are exposed to strong inertia to control or regulation
due to lags and delays in the planning and policy making process. The time elapsed from
an event, which may require policy measures, until the full effects have manifested
themselves may be decomposed into:
- Observation delay
- Conlmunication delay
- Policy making delay
- Pure effect lag
- Intermediate effect lags
In practice, thus, control of an economic process should be related to the time
profiles of the specific lags. Even if a system is controllable in a theoretical (static) sense,
the length of reporting and effect lags could be so long as to invalidate any efficient
control of the system. Time patterns for reporting lags for some central econonlic
variables are illustrated in Chapter 5. Effect lags and dynamic multipliers are reported in
Brannas & Ekl6f (1980) for an External Sector model, and in Ekl6f & Lundberg (1981)
for the initial version of the Swedish Macro Model. A few multipliers are also reported
in Appendix 2 of the thesis.
Here, the analysis is limited primarily to the case of regular macro-economic policy
planning for stabilization, based on formal causal models. The empirical examples refer
only to a small open and decentralized economy, like the Swedish case.
The overall policy-planning goals of the Swedish economy as specified in official
planning documents, see Finansplanen (1989) are:
- A stable price level
- Full employment
- Economic growth
- External balance
- Regional balance
- Fair income distribution
Of course there is no agreement on the relative importance of these goals.
Conflicts of interest exist, between the political parties and among interest groups in
society, such as labour unions and representatives of industry. Furthermore, the relative
importance of different goals changes over time even for an individual party or interest
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group. Still, when presented in the above general form there should be a fairly strong
consensus on the importance on all the six statements. It may be noted that the above list
of overall goals does not differ very much from those prevalent in other small
industrialized nations.
The relative 5mportance of the goals further varies if short or long term policies
are considered. In the present study, we are especially' concerned with the stabilization
perspective. Following current economic political trends in Sweden this means that
interest is focused on the goals of price stability, full employnlent, economic growth and,
balance in the external accounts.
A number of economic policy instruments are at the disposal of the government.
Traditionally, a distinction is made between fiscal and monetary instruments.
Furthermore, exchange-rate policy can be seen as a more or less separate alternative l .
The fiscal instruments include a nUITlber of different tax rates and allowances, while the
monetary instruments include for instance instruments such as the discount rate and the
money supply. As a complenlent, a large nunlber of more or less selective instruments are
in the hands of the government. The setup of instruments at the effective disposal of
government is continuously changing. New instruments are designed and utilized
successively, while some of the older ones are found less effective, and no more utilized.
All instruments are not independent, but have to be utilized in feasible combinations only.
As an example, it may hardly be possible to adjust both the interest rate and the money
supply simultaneously, without proper consideration to feasible combinations.
Also another category of variables has to be considered. These may be labelled
restrictions. One example of this category is the increasing inlportance of environmental
effects from different actions taken~ On the one hand, the government can' degign a policy
directed at improving environmental protection. On the other hand, any feasible policy
must fulfill minimum requirements as to its (negative) side-effects on the environment.
From a modelling point of view, these restrictions can be taken care of in the set of goal
variables.
For planning in practice, the overall goals have to be made operational in various
ways. For example, what is meant by a stable price level, and how is it measured? Does
it necessarily mean no inflation at all in the consumer price index, or can an annual
inflation rate of not more than x percent be accepted? In a similar way, all the other
goals can be critically examined in order to arrive at useful quantifications relevant in
model based policy planning. This issue is further discussed in Brannas & Ekl6f (1980),
and in Ekl6f (1982).
Similarly as for the goals, the instruments also must be dis-aggregated and made
operational. The instruments on the highest level can be considered genuine goals on the
next level of government. These in turn can be seen as goals and dis-aggregated for the
lower level institutions. As an example of this goal-instrument breakdown, the case of the

1

This is, however, no longer seen as an instrument available to the policy makers.
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money supply as an instrument to control inflation may be given. This is illustrated in
Figure A1.5. It should be observed, though, that this structure of monetary control has
been successively relaxed during the last few years, see Appendix 2.

Figure AI.S Goal-Instrument Breakdown for the Money Supply
Instrument
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In the present research, we limit the modelling to instruments on the highest level
of policy planning. Thus, some of the proposed instruments should not be seen as
instruments in a strict sense, as they are not under the full control of the government.
This aspect is further discussed in Ekl6f & Lundberg (1981). For a more in-depth
discussion of the problem in the context of optimal control, see Chow (1975).
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2.

A THEORETICAL MODEL OF THE

POLICY MAKING PROCESS

Economic policy analysis and planning is an interdisciplinary science. Significant theories
have evolved from pure economics, mathematics, and statistics as well as social and
natural science, just to nlention a few academic fields. Important research on theoretical
and applied economic planning is conducted in many different universities as well as in
private organizations and governmental agencies. At the same time, the lack of a unified
and comprehensive theory of planning is evident. There is no such thing as 'The Theory
of Planning', even though it may be possible to identify a nUlnber of characteristics
common to most planning situations. This fact is clear from the multitude of competing
principles, methods, and techniques for planning, which exist in parallel. Some of these
have been developed for very special purposes, while others are assumed to be applicable
in a number of different institutional and organizational contexts.
A theoretical model of the planning process is outlined in this chapter. It is based
on a systems analysis approach, inspired by concepts and definitions from control theory.
The purpose of this task is to obtain a comprehensive framework for the quantitat~ve
study that follows. Of special interest and concern is the sensitivity to, and effects of,
errors in the data.
The argument here applies to the regular planning of a small open, and
decentralized economy of the Swedish type. However, the overall structure should be
relevant for many economic systems and problems, and not only restricted to macroeconomics. The model is presented in a step-by-step fashion, from a simple basic
formulation, with further complexity and realism successively introduced.
The use of a systems approach can be motivated by the complexity of economic
planning including: many economic agents, interdependencies and problenls of
determining causal relations in advance. Two alternative strategies may be applied in this
situation, that is either a black box approach or a successive disaggregation of the process
into smaller and smaller components. Here, the second alternative is chosen. It should,
though, be observed that this is by no means trivial as interactions occur between the
steps in the entire process.
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2.1

The Systems Approach

The process of model-based policy planning can be illustrated rudimentarily and naively
as in Figure Al.6.

Figure Al.6 A Planning and Control Model, I
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This figure is based on the traditional automatic control framework for technical
processes. A signal is recorded from the system to be controlled and sent to a regulator,
from which a control signal is generated. However, in any system involving human
interaction, this is a serious oversimplification and entirely unrealistic. Nevertheless, the
diagram suffices as a starting point for the discussion of a normative model of the policyplanning proc~ss suitable for our specific purpose.
In all kInds of economic policy planning, a few additional components have to be
introduced and taken into consideration. The following complicating aspects are
introduced:
- Several decision-makers
- Several of different goals
- Models are inexact
All economies are decentralized, at least to some extent. Not even in formerly so
called planned economies were all instruments in the full control of a single and
monolithic decision-maker. On the contrary, actions which affect the behavior of the
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economy are performed continuously in various places of tne society. In Sweden, new
legislation that is directed towards central economic areas has to be passed through the
Parliament, while many other instruments are directly controlled by the bureaucracy or
administrative organizations.
In a democratic society, political as well as administrative actions should reflect the
desire of the majority of the people. As in almost all issues, genuine conflicts of interest
exist, and a balance or compromise has to be sought. This is a classical problem in
welfare economics and will not be dealt with here. The point here is to motivate a strict
distinction between modelling and planning activities on the one hand, and actual
decision-making processes on the other. It is important to make this distinction at least
on a conceptual level in order to be able to decompose the total error or deviation from
an optimal policy into specific components.
Even though economic decisions are nlade in a number of instances and at various
levels of society, most nations have developed central planning agencies. The role of these
differ from one country to another. However, a common feature is that they should follow
the economic development, create forecasts and propose alternative policies for action
on central economic variables. Accepting this loose description of macro-economic policy
planning, the model introduced first can now be extended as in Figure Al.7.

Figure AI.7 A Planning and Control Model, II
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In Figure Al.7, the 'regulator' 'has been deconlposed into a model-phase and a
decision-phase. A feed-back loop has been introduced from the decision-making process
back to the planning agency. This is done to allow for alternative simulations or scenarios
relating to the goal perception of different agents or interested parties.
Economic policy concerns not just a single goal, but rather a number of goalvariables. The problem of finding a 'best' or optimal strategy is thus multi-dimensional.
For explicit calculations and comparisons, a priority setting or weighing of the goals has
to be introduced. Technically, this can be done with a set of weights in a loss or welfare
function. This can be seen as a formal quantification of the summarized deviations from
a desired goal path.
So far, nothing has been said about the functional fonn of the loss function, or how
the proposed strategy is derived. From the point of view of the planning process, this is
not crucial in itself. The only important thing is that there is a criterion with which it is
possible to evaluate and compare alternative solutions. For a discussion of techniques and
functional forms often utilized in practice, see Brannas & Ek16f (1980) and the references
given therein. Taking the complication of multiple goals into consideration, the diagram
can be amended as follows, Figure Al.8.

Figure Al.S A Planning and Control Model, III
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Here, the concept of a loss function has been introduced. This is derived from
signals on goal paths and relative importance of goals conlmunicated frOlll the decisionmaking process to the planning agency. In practice, it is realistic to assume a close and
continuous interaction between these two spheres.
The causal model should be seen as a simplification of the real economic system.
Economic models are always inexact. Thus, any results obtained from a model simulation
are inexact as well. In Section 1.2 it was stated that an econometric model is estimated
on the basis of specific assumptions concerning the stochastic or error terms. In control
theory there are a number of different techniques for handling errors and uncertainty.
The common feature of these approaches, however, is that the derived strategies should
be treated as optimal in expectations. Even though economic planning in many instances
could be seen as a regularly repeated process, any policy decision made on central
economic variables is always considered unique in practice.
Due to the inexact nature of economic models, a system of regular follow-ups
should also be included. The models are not only inexact in a static sense, but even more
so in a dynamic perspective. So far, it has been presupposed that the caus", model is once
given and then stable for all time. This is certainly never the case. The ' lodel has to be
successively developed and tested, as was indicated above. This process is iterative and
must continue for the entire life-span of the model as almost all economic systems are
open to structural instability. This means that the model should not only be successively
refined, but also has to be restructured and re-estimated due to influences from the
environment. A scheme for learning and evaluation is thus introduced into the planning
process. These new aspects of the policy planning process are included in Figure Al.9.

236

Figure Al.9 A Planning and Control Model, IV
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This final figure certainly does not give a full or comprehensive picture of regular
macro-economic policy planning. However, it may be used for a discussion of errors in
model-based economic planning and of qualitative aspects of the planning process. Some
of the presented steps are primarily informal or inlplicit in applied planning. It is neverthe-less crucial to be aware of their existence in order to be able to judge any suggestions
and policy proposals arrived at.

2.2

Definition of Output Quality

The above sketch of the planning process may be utilized as a framework for the
discussion of quality and efficiency in policy planning. In the following we are assuming
that the decision-making block is external to the planning process and the signals from
the decision-makers are taken as given facts. Thus, the policy planning problem can be
stated in the following way:
Given the goal structure ~ find the strategy S which generates the goal path
DO that is closest to~. The strategy which solves this problem, SO, is named
optimal.
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Here n consists of a vector of goal values and relative weights for each future
planning period up to the end of the horizon and S is a vector of values for the control
instruments for each future period. The concept of closeness is not uniquely defined here.
This means that the actual loss function can have any functional form. However, in the
empirical studies only quadratic loss functions will be considered.
Nothing is said about the definition of the optimal path DO. This can be the actual
ex-post path resulting from an implementation of the proposed strategy So. Alternatively,
DO can be interpreted as the ex ante (expected) goal-path given that the planning process
is entirely correct and exact. The first interpretation allows for a comprehensive treatment
of errors and. inaccuracy. At the same time this makes it impossible to carry out any
sensitivity calculations or alternative studies, as it is in general not possible to do any real
world experiments on e.conomic systems. Thus, the second and more narrow definition
of DO will be assumed here. The solution to this deterministic problem does not have to
be unique. There may exist a number of planning processes suggesting So. Thus, a more
general formulation taking the stochastic component into consideration may be given.
One straight-forward alternative is to define the strategy with the minimal variance,
among those with DO, as optimal. This is not developed any further here, but may be
studied in Aoki (1976).
A planning process, P, which proposes the global optimum is named effective, and
denoted "po. In practice, planning processes are rarely effective in this strict sense, but
suffer from errors of many kinds. The concept of error is used here in a broad sense,
including all kinds of deviations from a -hypothetical - optimum. Thus, the following
definition may be given for the total error:
g

The gross deviation between a proposed goal path U and the optimal path DO
is named total Planning Error (PE).

Here, the proposed path DP is seen as a result of any (ineffective) planning
process, that is, a process exposed to errors as defined above. The concept of gross
deviation is not explicitly defined. A choice of criterion for evaluation of the planning
quality has to be made, see below. We are not only interested in measuring or
characterizing the planning error, but even more to trace the origins of any deviations in
order to propose measures for minimizing them. Thus, a systematic decomposition of the
errors is presented in the next section.

2.3

Errors in the Process

Based on the discussion of the planning process in Section 1.2, the total error may be
broken down in the following potential sources or categories:

238

- Errors in input data
- Model errors
- Goal and instrument inconsistency
- Errors in the control stage
- Evaluation errors
- Exogenous shocks
Most of these categories have already been introduced in the discussion above.
However, the introduction of a special source, exogenous shocks, may require a comment.
The idea underlying this concept is that structural analysis and modelling is ordinarily
carried out under the assumption of 'normal conditions'. We will not define this concept
in a strict way here, but rather note that all models are conditional statements. Some may
be highly robust towards change, while others are sensitive to even small disturbances. If
the environment is exposed to extreme changes or shocks hardly any model can remain
relevant. The situation will create crises in the terminology of Kuhn (1962). The concept
of exogenous shocks thus refers to discontinuity as discussed in, for example Holroyd
(1978).
All of the error sources introduced can be decomposed further to a large number
of potential components. A tentative decomposition is shown in Figure Al.lO. It should
be noted that this is not a complete list of potential errors in model based economic
planning, in spite of the large number of indicated components. It may, however, serve
as a starting point for a discussion about errors and their consequences.
Various error components in the input stage are considered in Chapter 4 of the
thesis. Errors in the model stage, which are due to erroneous specification of the system,
are often assumed to be of great importance. There is a voluminous literature in this
area. The same applies for estimation errors, that is errors due to improper choice of
estin1ation method, as well as from the incorrect exclusion of system interdependence in
the model specification and estin1ation. By the term 'updating errors' is meant errors due
to use of an obsolete specification of the real system, that is disregarding structural
changes, see Chapter 8 of this thesis. By stochastic errors, we sin1ply mean errors due to
the fact that almost all n10dels of economic systems are inexact mapping. Errors in the
control stage may be caused by incorrectly specified criterion functions and by the
incorrect use of control algorithms. Errors may also be introduced in the evaluation stage
of the process, due to the incorrect choice of criteria. The choice of criterion is
complicated in many cases, and will be discussed further. Errors due to exogenous shocks,
as was indicated above may be exemplified by the use of inexact or incorrect forecasts
and of obsolete specifications of the environment - model interaction.
In all stages, errors in numerical data may occur. This potential source of errors
should not be underestimated. In the empirical studies we note nlany exan1ples of errors
due to numerical inaccuracy in the input stage, in the model estimation stage, and in the
control phase. These are caused by interpolation, rough rounding-off, incorrect copying
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of figures as well as by genuine algorithmic mistakes. They are often very difficult to trace
ex post.

Figure AI.IO Error Sources and Aspects in the Planning Process
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Most of the isolated error components are generally known and traditionally
considered in applied economics and statistics. However, the statistical analysis of
economic planning is very much concentrated on the specification and model estimation
stages, while the data generation and control stages are very often seen as exogenous to
the planning process and thus not given much attention.
Much statistical research is devoted to creating efficient or optimal procedures for
isolated stages. However, generally speaking, the steps in the planning process are not at
all independent, but strongly interrelated. To give one example, it can be stated that in
the short run, the spacing of available data at least in part predetermines the choice of
the model approach. However, in the medium and long run, of course, the model-needs
should control the production of data as well. In similar ways there are interactions
between many of the stages and error components. Thus, a concentration of efficient
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procedures in the model estimation stage alone may result in a sub-optimal planning
when studying the entire process.
In the empirical part of the thesis, the broad perspective towards errors introduced
here will not be kept, but we restrict ourselves to only a few different components. We
will mainly linlit the scope to errors in the input stage.
Errors in input data affect the estimation of the causal model, the generation of
forecasts and predictions as well as the consideration of alternatives in the decision
situation.

2.4

Evaluation of the Policy Planning Process

The use of evaluation criteria in order to indicate the quality of a procedure has been
mentioned a number of times. In statistical estinlation, nl0delling and analysis concepts
like unbiasedness, precision, efficiency and robustness are usually introduced. In
forecasting for an open system, empirical measures like the Theil-coefficient, Janus
coefficient, mean forecasting error, root mean square error, Ball Q-statistic, etc. are often
introduced. Different criteria, of course, may lead to different results and conclusions
concerning the quality of a specific technique and interpretation of the results obtained.
It should be observed that there may be a dependence between the structural
assumptions underlying a nlethod and the proper choice of evaluation criterion.
For a comprehensive study of policy analysis and planning as defined here none
of the above given criteria suffice. A composite measure taking the multivariate aspects
of economic policy into account, and expressed in the effect domain, is needed. One
should not be restricted to numerical distances, but should consider the effects of these
deviations. Thus, a goal or criterion function is needed. One way of introducing this is
through an optimal control approach.
In the terminology of Figure A1.9, the point of comparison or evaluation is
between input resources and effects of potential deviations in planning. Given an optimal
control approach, it is possible in principle to analytically derive an expression for the
sensitivity of obtained solutions to various alterations. This may be interpreted as a
measure of the planning quality, as defined in Section 2.2. In the control engineering
literature, the derivation of these expressions is a fairly standard treatment.
General robustness or sensitivity aspects when using a control approach are
considered in Hughes-Hallet (1979), while the problems of measurement errors are
especially discussed in Conrad (1977), and Kendrick (1979). The standard technique of
analysis is the evaluation of the partial derivatives of the optimal control solution with
respect to, for example the loss function, parameter estimates, or initial data.
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3.

CONTROL THEORY AND ECONOMIC ANALYSIS

Control theory emerges from the technical sciences. It dates back to work made on
regulators for various industrial processes. A survey of historical developments is given
in Astronl (1970). Control techniques are used extensively in technical applications for
regulating complicated processes and machines. Here, we will not go into details about
the underlying theory of control. Only a few comments on specific aspects and some
comments as to its potential use in economics, and especially for economic planning, will
be given. The traditional control approach, as it is seen here, is illustrated in Figure
Al.ll. This is similar to the initial sketch in Chapter 2.

Figure AI.II The Control Approach
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This may be defined as a closed-loop feed-back system, characterized by a model
of the system under study, from which a control law is generated. The optimal control
problem can be specified in the following general manner:
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Given a loss function J¥; comprised of a goal vector D and weighing matrix
K, and further a model M, describing the real system under consideration, find
the instruments X which optimize W under the restriction M.

The formulation requires a well-defined problem with explicit goals, goal values
and ranking of goals. Furthermore a model of the system relating input signals to the
output is necessary. The model nlay either be derived from a black box approach, or by
means of a system identification method. For economic systems the latter alternative is
en1ployed as a rule. This means that the kind of modelling techniques discussed in
Chapter 1 are used.
In order to derive optimal control strategies, the general approach outlined in
Chow (1975), may be followed. The structural model (Al.l) is rewritten in a first order
state-space form. This is obtained by transforming the reduced form (Al.2) to
(Al.3)
where the state vector Yt consists of current and lagged dependent variables as well
as current and lagged control instruments. xt is a vector of current period instrument
variables, and ut consists of purely exogenous variables. vt is white noise with mean zero
and variance a 2• The parameter n1atrices are analogously defined. Furthermore, a
quadratic loss function is assumed, defined as
T

W -

L

(Yt-at)'Kt(Yt-at)

(Al.4)

t-l

Here, at represents the goal values for endogenous and instrument variables, while
Yt denotes the corresponding optimal values. The matrix of relative penalties, Kt, is
attached to the target and instrument variables. T stands for the planning horizon.
Controllability can be considered both in a strictly technical and an empirical sense.
In the latter sense, the interest is focused on the degree of controllability and the velocity
by which a system may be moved in the desired direction.

3.1

An Optimal Control Technique

Because (Al.4) is a stochastic function the minimization is usually carried out on its
expected values conditional on a priori information. If the parameters are assumed to be
known with certainty, the result is a certainty equivalence control rule. On the
other hand, if the uncertainty in parameter estimates is recognized, a
dual or cautious control rule may be en1ployed. The choice between these
two depends on whether or not the control is designed to improve future
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parameter estimates simultaneously with the control, see Chow (1975), or
Kendrick (1979).
Minimization of the conditional expectation of the loss function
(Al.4) under the assumption of exactly known parameters may be carried out
by a number of different methods, such as Lagrangian nlultipliers, the
substitution approach, dynamic programming, or through the Pontryagin
maximum principle. In our empirical work the dynamic progranlnling
technique is followed. The solution is simple and not given in detail
here, cf. Chow (1975). The linear control rule is of the form
(Al.5)
where G t and gt are obtained by minimizing the expected value of W backwards
from t = T to t = 1 by the following recursion formulas:
Gt

= - (C'HtC)-tC'HtA

(Al.6)

with terminal conditions H T = KT and ht

= ~aT

The values of xt so obtained are optimal with respect to the model, to the loss
function, and to the numerical data used. Optimal values of Yt are obtained by substitution
of (Al.5) into (Al.3)
(Al.7)
For improving and evaluating feedback control runs a criterion has to be defined.
One such measure for an individual variable is the average weighted mean square error
(MSi ), Chow (1975). This may be decomposed into a deterministic and a stochastic part.
For a discussion on effects of including also a stochastic component, see Chow (1975) p.
156-7.

(Al.8)
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For all target and instrument variables the corresponding average weighted total
mean square error (TMS) can be employed. This approach is employed in the
cost/benefit discussions considered in Chapter 11.

1

N

TMS - - EMSi
N i-I

3.2

(A1.9)

Use of Control Techniques in Economics

An optimal control approach differs from the traditional econometric framework by the
way the desired strategies are derived. In classical economic planning based on
econometric models, a 'best' policy has to be calculated through successive iterations of
the model. When it is formulated as an optimal control problem, the 'best' policy will be
automatically obtained, resulting from the explicit formulation of a criterion function.
Goals and criterions are present also in classical planning, though it is not necessary to
formulate them explicitly. Instead, they enter indirectly or implicitly into the planning
process when defining and choosing feasible solutions.
The control approach was utilized more and more in economics during the 1970s.
Over 50 applications of control techniques in macro-economics are given in Kendrick
(1975). Since then at least as many applications have been presented. For a survey of the
variety of applications, reference is given to for example the Journal of Economic
Dynamics and Control, and to the proceedings of the annual conferences of the Society
of Economic Dynamics and Control. During the last few years, the trend appears to have
switched towards more and more of theoretical aspects, and away from empirical studies.
Irrespective of the number of applications of control techniques in economics, it
may be argued that the results for practical policy planning and analysis are very few. The
applicability and possibilities for a control approach in economics are discussed in Ball
(1978). The authors are skeptical about its real impact on policy. The results obtained for
hypothesis testing as well as in applied regulation and prediction are extensively criticized.
The approach is also considered impossible or at least too difficult to understand by many
decision-makers. Accurate measures of the sensitivity of results due to alternative
specifications of the goal function are often lacking. In spite of this, Ball maintains that
there is great potential for the use of the control approach as a supporting tool in
econon1ic decision-making and planning. The approach n1ay help in communicating results
to the general public, and in the efforts to achieve a greater openness to the public, etc.
In the present research, the optin1al control approach is used in order to analyze
certain qualitative aspects of the modelling process, and in particular effects of errors and

inaccuracy in data.
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The optimal control approach in economic analysis and planning may help to
throw light on a number of special factors, such as:
- The specification of the loss function, including penalties of change
- The characterization of goals and optimal trajectories
- Trade-off between different interested parties
- Adaptation by economic agents and decision makers
At the same time, the realism of fine-tuning of economic systems has been highly
questioned during the last few years. Many real world illustrations point to the inadequacy
of aiming at fine-tuning any economy.
We are not going to elaborate on the use of optimal control in economics here,
but n1erely apply the approach in order to arrive at a one-dimensional criterion function.
This means that we do not interpret the techniques in terms of a description of actual
practice and thinking in economic planning.

APPENDIX 2

A SMALL ECONOMETRIC MODEL
OF THE SWEDISH ECONOMY
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The purpose of this Appendix is to briefly present a small macro econometric model of
the Swedish economy. The model has been developed in order to offer a tool for the
empirical work in the present research project. It is included here to give a background
for the various simulation studies reported in Part II. The presentation of the modelling
phase is limited to only a few central aspects of the employed process, aiming to give a
basic description for understanding how the simulation studies are constituted. Individual
relations (5 and 9) as well as the entire interdependent system are used in various stages
of the research project.
A number of econometric models of the Swedish economy have been developed
for various purposes. It has, however, not been possible for us to directly utilize any
model already available for the present empirical work. Instead, a small model has been
constituted, based on the following prerequisites: (i) The model has to include central
economic policy variables and economic policy instruments, (ii) it must not be larger than
some 15 relations and 25 - 35 variables, (iii) it must be linear in parameters, and (iv) it
has to fulfill minimal requirements in terms of realism for the purpose of illustrating
policy alternatives on the short and medium term perspective (for stabilization policy
considerations).
In Chapter 1, the overall economic structure of the modelling exercise is discussed,
and a model to be empirically estimated is proposed. It has to be observed that we limit
the discussion to the creation of small size linear models, merely covering central
economic relationships. The size restriction to some 15 relations is imposed because the
model is to be used for policy analysis and planning simulation. Primary policy goals and
instruments are included in order to offer a possibility to study central policy alternatives
for the Swedish economy.
The initial model work, based on quarterly observations for the time period 1963:1
-- 1977:IV, is reported in Chapter 2. In Chapter 3, a similar structural model is estimated
on data for the period 1973:1 -- 1988:IV. In this way, two model realizations illustrating
central relationships in the Swedish economy are obtained. A few main features of the
estimated n10dels are reported, and estimates compared between the realizations. In
Chapter 4 the primary data are defined and utilized data sources specified. In addition,
the numerical estimates of the two realizations are given in the concluding chapter.
No considerations directly related to the quality of data have been introduced
during the modelling phase. The work has been based on the assumption that the model
is estimated on the best data available (being definitive series whenever possible). The
entire model is then used to illustrate effects of varying quality in initial data in Chapter
9 and 10. In addition, a few simulations aimed to illustrating effects of varying data quality
in the estimation and model analysis stage are presented in Chapter 7 and 8. These latter
studies are by and large based on results from considering two individual relations only
(GDP and Export Volume).
For a more detailed description of the modelling work, reference is given to Ekl6f
& Lundberg (1981), Ekl6f (1982), and to Ekl6f (1989).
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1.

A MACRO MODEL OF THE
SWEDISH ECONOMY

In this chapter, central relationships in the Swedish economy, as they were observed
around 1980 are discussed. The presentation is based on Ek15f & Lundberg (1981).

1.1

The Model Structure: An Overview

Our model is to be used for analysis of the effects of stabilization policies in the short and
medium term. In order to be of interest, the model must contain the main goals for
stabilization policy and the main policy instruments. The task of specification of the model
structure deals with the questions:
a.

How are the instruments related to the goal variables?

b.

Which are the determinants of the goal variables?

c.

How are the variables related to one another?

The model should contain those macroeconomic relations that are most important
in connecting the goals with the instruments. Generally, we have three kinds of markets
in the economy:
1. Markets for goods and services. Because of the size restriction on the model we
have treated these as one single aggregated market. We do, however, distinguish
between domestic and foreign goods and services, as well as between consumption
and investment made by the private and the public sectors.
2. Markets for labour, also aggregated into one single market.
3. Markets for financial assets - money, bonds, etc. The financial sector is most
rudimentary, and all financial variables are exogenously given.
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For each market, the model should in principle contain relations describing
demand, supply, equilibrium conditions, and price or volume adjustments. The choice of
variables for each of the behavioral equations of the model has been made in accordance
with economic theory. Even if theory does not fully specify the exact form of an equation,
it gives in most cases strong hints as to which variables should be expected to be related
to each other, and sonletimes also the functional form of the equations (by 'theory' we
also mean the result of previous empirical work). Thus we do not include a variable on
the basis of statistical fit alone; nor do we keep a variable with a 'theoretically wrong' sign
in an equation, since we feel that economic policy analysis and interpretation in such a
nl0del will be meaningless. On the other hand, cases are not unusual where a theoretical
concept can be represented by several alternative operational variables. Here the
statistical fit, as well as the supply of data, have been decisive.
Concerning the question of the time structure of the behavioral relationships, on
the other hand, theory in general has not much to say, and statistical analysis has been
the main instrument of identification.
In summary, the central relationships in the model can be described as follows:
a.

The production capacity is exogenously given. Our model is thus essentially
short run, in the sense that we have no mechanism explaining the growth
of capacity. This, of course, does not preclude the possibility that exogenous
disturbances nlay have repercussions stretching over several years.

b.

Actual production is deternlined by the demand for goods and services
(snbject to the capacity constraint).

c.

Imports, the other part of the supply of goods and services, are also
determined by total effective demand and by the exchange rate.

d.

Total demand can be dis-aggregated into public expenditure (which is
exogenous in our model), private consumption, private investment, and
exports. Consumption is determined by household disposable income, and
might also be influenced by liquidity and other financial variables.
Investment might be influenced by the growth rate of production, by
relative factor-prices, and by financial factors. Exports, finally, are
determined by the demand on the world nlarket and by relative prices.

e.

\ Unentployment is equal to the difference between the exogenously given
labour supply and the demand for labour; the latter is determined by
domestic production.

f.

The rate of increase of wages is influenced by the labour market, that is the
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rate of unemployment and inflation.
g.

The purchasing power of the household sector is affected by the sum of
factor income, measured by GNP (or GDP), the distribution of income on
wages and capital income, taxes and transfers, and the consumer price
level.

h.

The rate of domestic inflation, finally, is determined by the rate of
international inflation, the rate of domestic wage increase, and the demand
pressure on the market for goods and services, and directly by monetary
variables.

An overview of the model and of the essential links as sketched above is given in
Figure A2.1. In the following, we discuss the different parts of the model in some more
detail. This, however, is still to be seen as the starting point in the model building, since
the choice of the final econometric model, presented later, is of course affected by the
empirical estimation.
Essentially, our model is a fairly traditional Keynesian demand model with a
foreign sector, to which is added a price-wage mechanism. As we have already pointed
out, the model does not explicitly include the financial markets.
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1.2

Specification of the Model Blocks

In this section, the blocks introduced above are further considered, and central
relationships discussed.

Determinants of the Rate of Inflation
According to economic theory explanations of the rate of inflation could be classified into
four broad classes of theories, which we have all considered, namely
1.
2.
3.
4.

The
The
The
The

cost inflation model
demand inflation model
quantity theory
EPO, or Nordic, model

A simple model of cost inflation can be constructed by assuming that prices on
final goods are set equal to a constant mark-up on average cost, which consists of raw
material and labour costs per unit. Assuming the raw material content to be constant, the
rate of increase in prices (p) can be written as
(A2.1)

where a l and a 2 are the raw material and wage shares in total cost, and Pr , w, and
g the relative rates of increase of raw material prices, hourly wages and labour
productivity, i.e., production per hour.
An alternative approach to inflation is contained in the excess demand hypothesis,
which states that an excess of demand over supply on the market for goods and services
will lead to an increase of prices, and that the rate of increase in prices per unit of tinle
will be proportional to excess demand:

p = aCE - 8)/S

(A2.2)

where E and S are demand and supply. In an empirical study, it is of course not
easy to measure excess demand. An operational measure sometimes used is the relative
difference between actual GNP and the production capacity in the same year, GNP c. An
index of excess demand for goods and services, or inverse of the capacity utilization, (kap)
in the economy can thus be expressed as
kap = (GNP - GNPc)/GNPc

(A2.3)
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A crude version of the quantity theory can be expressed as
p = m-y

(A2.4)

where m is the rate of increase in the money stock and y is the rate of growth of
real GNP. According to this theory all increases in the money stock in excess of the real
rate of growth lead to inflation.
The EFO, or Nordic, model explains the rate of domestic inflation as depending
on the rates of increase of the prices of tradeable goods on the world market, on the rate
of depreciation of the domestic currency, and on the difference between the rates of
growth of labour productivity in the sector exposed to foreign competition (gk) and in the
sheltered sector (&)

p

=

S(gk - &) + wp + vx

(A2.5)

where s is the share of the sheltered sector in GNP, wp is the increase in world
market prices and vx the rate of exchange rate. Very briefly, the assumptions behind this
approach are that:
1.

The rate of increase of prices of the products of the competing sector (K)
cannot differ from the development of world market prices, except if the
exchange rate changes,

2.

The increase of wages in the K-sector will be determined, at constant gross
profit margins, by the rates of growth of prices and of labour productivity:
(A2.6)

3.
4.

Wage increases will spread to the sheltered sector (S),
Prices in the sheltered sector will rise at the same rate as labour cost.

Since the rate of growth of labour productivity is lower in the S sector, the prices
of S products will rise faster than K products, for constant profit margins and the same
increase of wages. The general price level will also increase since it is a weighted average
of prices in both sectors.
Equation (A2.5) can be considered as a long run, or steady state, equilibrium
condition. In the long run the multipliers of wp and vx are both to be equal to one. In
fact, the equations representing the cost push, excess demand, and quantity theory models
can also be thought of as long run relationships. We are, however, faced with the more
complicated problem of constructing a model that also reflects the short run dynamics of
the price formation process.
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In general, we consider the determination of the inflation rate an adjustment
process over time. The rate of inflation will not, for instance, in the case of cost inflation,
adjust immediately and completely to an increase in the rate of growth of wages, but only
gradually. The equation for Pt will thus contain not only the current values of the
explanatory variables (Prt , wt and gt), but a weighted sum of current and lagged values
of these variables. For a linear relation, and by a suitable choice of weighing system, this
expression can be transformed to the following Koyck scheme
(A2.7)

The coefficients a 1 and az in this equation can be expected to be different from
the corresponding coefficients in the steady state equation (A2.1), and in particular they
might be less than one. Inclusion of the lagged dependent variable in the equation can
also be motivated by the hypothesis that current inflation is also influenced by the
expected rate of inflation, and that the expectations are formed on the basis of the past
price development.
Before we start the econometric work, we have to choose the price variables
actually needed. In order to do so we must consider the role of prices in the nl0del. First,
the rate of inflation is a policy goal. The proper measure here seems to be a consumer
price index (including indirect taxes) or possibly the GNP deflator. Second, according to
Figure A2.1, prices affect several of the endogenous variables of the model, namely;
1.

The demand for consumer goods: the relevant variable here is the
consumer price index.

2.

The demand for exports which is affected by Swedish relative export prices,
that is the ratio between the Swedish export price index and an index of
world export prices.

3.

The demand for imports, which is likewise influenced by relative prices,
that is prices of imported goods relative to prices of Swedish import
conlpeting products.

There are several possibilities open to the model builder. The simultaneous use
of several price variables might give the model a better fit, but on the other hand the size
restriction forces us to limit the number of variables. We have chosen to work with two
endogenous price variables, namely the indices for relative change in consumer prices (p)
and for export prices (exp). In addition, we have used one exogenous price variable (wp),
which is an index of the change in world prices of traded goods.
As a point of departure in explaining the development of consumer prices and
export prices in Sweden, we have used a 'generalized' theory of inflation that is simply
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a linear (in the growth rates) combination of the cost inflation, the excess demand, the
EFO, and the quantity theory models. In other words, we try to explain the development
of (p) and (exp) by including the rates of change of wages (w), world market prices (wp),
exchange rate (vx) and, for (p) only, the money stock (m). To represent the effect of
demand inflation we use two alternative variables: one is a measure of the size and
change of capacity utilization (kap), that is the difference between actual and potential
GNP (this is measured by a trend through peaks series divided by potential GDP). The
other is the rate· of change of total effective demand (e), defined as the sum of the
components on the demand side of the balance of national accounts (private and public
consumption and investment plus exports). The rates of growth of productivity (g, ~, and
gk) have been left. out because data were not available. Finally, we have included the
change of indirect taxes (VAT) in the equation for p.

The Demand for Goods and Services
It is possible to aggregate the market for goods and services by goods as well as by type
of expenditure. However, we have chosen to separate investments from consumption and
to separate private from public expenditures.
According to traditional economic theory, the principle determinants of (the level
of) private consumption expenditures in constant prices are:
1.

The purchasing power of the household sector, that is current aggregate
disposable income for the household sector, in constant prices.

2.

The permanent, or expected 'normal', income. This is generally thought to
be determined by a weighted sum of actual income in previous periods. By
assuming a certain form for the pattern of weights, the permanent income
theory reduces to an equation where current consumption is determined by
current disposable income and by lagged consumption
(A2.8)

3.

The rate of inflation: this might influence consumption in either direction,
and might be motivated by different reasons. Inflation may affect
consumption via real wealth, money illusion, the real rate of interest, or the
degree of uncertainty about the future.

4.

The distribution of incon1e between profits and wages.

5.

Labour market conditions.
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6.

Wealth, and in particular liquid assets.

7.

Rate of interest and availability of credit.

8.

Public pension funds, that is collective savings as a substitute for private
savings.

Due to lack of data we have not tried wealth, liquidity, and income distribution
variables, nor have we studied effects of pension funds and labour market conditions. Our
equation for private consumption contains real disposable income, rate of inflation, rate
of interest (r), and the stock of bank credits (1).
Our model for the determination of (the level of) private gross fixed investment,
excluding investment in dwellings (i), is built on three alternative theories of investment.
The first is the neoclassical theory of capital, where the optimal stock of capital at a given
point in time is a function of production (sales) and of relative factor prices. In a model
with labour and capital as the only factors, relative factor prices will depend on the wage
rate, capital goods prices, depreciation rate, and the interest rate. The second hypothesis
is the accelerator theory, in fact a special case of the first, where the optimal capital stock
depends only on sales. The third is the availability or residual funds theory, in which
investment depends on the availability of different forms of finance, in particular internal
sources of finance.
Given the optimal capital stock, we additionally have to consider the problem of
the adjustment of the actual capital stock over time, i.e., the time path of investment.
Even if the long run trends of the optimal stock is determined by the growth of sales and
the development of wages and capital prices, it is possible that the short run time
allocation of investment is influenced by financial conditions.
Let us suppose that the optimal capital stock kOt is determined by production Yt
according to the acceleration principle, meaning that
(AZ.9)

where v is the capital-output ratio (itself determined by factor prices). If the actual
capital stock adjusts immediately we have
(AZ.I0)

where f is the depreciation factor. If the adjustment to optimal stock is stretched
out in time, investment in any given period will reflect differences between the optimal
and actual capital stock from previous periods as well. It will then be determined by a
distributed lag function of past sales.
A distributed lag approach to the investment function could also be motivated by
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the idea that the optimal capital stock is determined not by actual but by expected
'normal' sales, which itself is measured by a weighted sum of past sales. If the weights
follow a geometric lag distribution, we can write the investment function as

(A2.II)
Our investment function is a linear combination of a 'flexible' accelerator model
(in this version y and e are used as alternative variables), the neoclassical theory and the
availability theory. To equation (A2.II) we thus add
- The wage rate (w) and the rate of interest (r), as primary determinants of the
relative factor price
- The amount of business gross profits (bi) as well as the amount of bank credits
(1), as variables measuring the availability of finance for investment in the business
sector. There are no quarterly data available on capital stock
Finally, during the period studied, several economic policy measures have been in
use which directly affect investment, such as investment funds and taxes, deductions for
investment in corporate taxation, and so on. To account for the effects of these measures
we consider a variable (inv) measuring temporary investment subsidies.
The usual approach to the determination of export demand in econometric models
is to assume that exports are affected by
1. Business activity in the world economy
2. The relative prices of domestic and foreign goods
As proxy variables for the first factor, it is possible to use the volume of world
trade (wt), or the combined GNP or industrial production in the main export markets, in
this case the OECD region (ip). By dis-aggregating exports by product groups, such as
raw materials, engineering products, etc, and by major markets, it would no doubt be
possible to obtain a higher explanatory value for the model: however, because of the size
restriction on the model we have chosen to work with aggregated exports and imports
only. The development of relative prices has been represented by indices of relative
change in Swedish export prices (exp) and of world prices (wp). Since these indices are
expressed in different currency units, the exchange rate has been included in the equation.
Public consumption and investment, as well as investment in housing, have been taken
as exogenously given.
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The Supply of Goods and Services
For the aggregated market for goods and services we have the following accounting
identity:
im + y + ds = pc + i + ad + h + ex

=

e

(A2.12)

where (im) is imports, (ad) public expenditures on goods and services, (ds)
decrease in stocks, (h) investment in permanent dwellings, and finally (e) is total effective
demand.
We have already stated that (ad) and (h) are considered exogenous. The variables
(pc), (i), and (ex) are endogenous and determined in the model by equations specified
above. In general terms our model can be described as demand-led, that is the supply of
goods and services is determined by aggregate demand. However, there are still
alternative possibilities of arriving at an integrated system
a. Imports (im) and change in stocks (ds) could both be determined
'autonomously' in the model by adding a behavioral equation for each of the
variables. In this case production (y) will be determined as a residual by the
accounting identity.
Such a model assumes that the adjustment of domestic production to changes in
demand is instantaneous, an assumption that could reasonably be doubted for a model
based on quarterly data.
b. Production (y) could be determined by a behavioral equation where aggregate
demand, possibly in lagged form, is the main argument. One or both of imports
and change in stocks could then (in whole or partly) contain an element of
residual adjustment.
We have finally chosen to include an equation each for production (y) and for
imports (im) and to let (ds) be determined wholly as a residual. In the production
equation, it could be argued that, in addition to the variable (e), some dummy variable
(St) could be included that reflects the general subsidies for stock-holding costs that have
been in force in Sweden during part of the period.
Our treatment of imports in the model is analogous to that of exports. We thus
assume that imports are determined chiefly by
1. Economic activity, or aggregate demand, in Sweden
2. Relative prices
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It could be argued that the model could be improved by including the conlponents
of GNP or total demand separately. We have, however, chosen the variable (e) in the
import function. Like exports, imports are treated as an aggregate. To represent the
development of relative prices, we have included the indices of change in Swedish export
prices (exp), world export prices (wp) and the exchange rate (vx). Thus, the export price
index is also supposed to measure prices of Swedish import competing goods and services,
and the prices in the Swedish foreign competing sector in general.
It is reasonable that the effects of a given increase in aggregate demand on
production and on imports depend on the rate of capacity utilization (kap). In particular,
at full capacity an increase in demand must spill over wholly into imports or inventory
reductions or both. To allow for this effect, (kap) may be included in the equations for
imports and for production.

The Labour Market and Wages
In our model, the demand for labour is determined by production. As the supply of
labour is exogenously given, aggregate production will determine the rate of
unemployment as well. In the equation for unemployment we have also included a
dummy variable (Sz) reflecting the possible effects on labour demand and employment
of the general wage subsidies that have been in use during part of the period. According
to economic theory, the rate of increase of money wages is determined chiefly by labour
market conditions (in fact by the excess demand for labour) and by current price
expectations. Expectations can be represented in the equation by including lagged actual
inflation rates or alternatively, the lagged increase in wages. There are several ways to
represent labour market conditions: (i) by number of openly unemployed, (ii) by a wider
concept of unemployment including different forms of 'disguised unemployment', or (iii)
by the difference between unemployment and vacancies. In addition, these variables can
be measured either in absolute or percentage fornls.
The choice of the unemployment measure as a goal variable is not obvious. The
rate of 'open' unemployment can be reduced by transferring the unemployed to
'disguised' unemployment of various forms. This argument would motivate the definition
of the employment goal in terms of 'total' unemployment, that is, as a measure of
capacity utilization in the economy. However, we use merely open unemployment
throughout the paper, assuming that the level of 'disguised' unemployment is kept
constant.
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The Entire Model System
According to the previous discussion, our sketched model contains 30 variables. Of these,
4 are exogenously given (wp, kap, wt and ip) and 12 may be seen as policy instruments
(inv, ih, 1, VX, m, vat, tax, od, r, tr, Sl' Sz). This leaves 14 endogenous variables to be
endogenously determined by the model. So far, we have introduced nine behavioral
relations. In order to obtain a closed model we have to add five more equations,
determining (e, dy, bi), the balance on the current account (bal), an indicator of external
balance, and the balance of the consolidated public sector (bud). These equations could
in principle be written as accounting identities, with the complication that they contain
error terms of varying magnitude. Here, we have chosen to define (e) and (bud) by
accounting identities, while (bal), (dy) and (bf) are estimated by regressions on
independent variables. For household real disposable income (dy) and for business gross
profits (bi) the explanatory variables are (y, w, p) and, in addition, for (dy), taxes (tax)
and transfers (tr) from or to households. For a given national income, the income
distribution between firms and households can be expected to follow closely the
distribution between wages and profits, which depends on the development of wages and
prices. The balance of current account obviously depends on the volumes and prices of
both exports and imports.
We end this preliminary phase of the theoretical model specification by summing
up the general model structure in the form of equations (A2.13). These are based on the
previous discussion and serve as a starting point for the next phase of the work, namely
estimation.
p
exp
w
U

y
pc
dy
ex
im
bf
bal
e
bud

= flew, wp, vx, m, e, kap, VAT)

= fz(w, wp, vx)
= f3(u, p)
= f4 (y, Sz)
= fs(e, SI' kap)
= f6 (dy, p, r, 1)
= f7 ( e, w, r, bf, 1, inv)
= fg(p, w, y, tax, tr)
= f9 (wt, ip, exp, wp, vx)
= flOee, exp, wp, vx, kap)
= fll(P, w, y)
= fIZ(ex, im, exp, p)
=pc+i+od+h+ex
= tax - tr - od + VAT

(A2.13)
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1.3

Data, Quantitative Specification and Preliminary Estimation

The above discussion has resulted in a preliminary specification of the model structure.
In this section, the quantitative framework for the empirical modelling is presented. First,
we describe the database used for estimating the nl0del. This base contains a nunlber of
alternative measures for some of the theoretical variables specified.
Furthermore, the work on initial calculations and adjustments of the original data
series is reported. Pre-adjustment is necessary due to the existence of seasonality and
different base years in the original series. Special calculations are used in order to obtain
quarterly estimates for series available only on an annual or semi-annual basis for part
of the estimation period. Techniques considered in Section 4.3 of this thesis, are employed
in the pre-adjustment phase of the Macro Model.
For a presentation of the nlethods used for the empirical identification of dynamic
structure, see Ekl6f & Lundberg (1981). Unfortunately, economic theory does not give
very many guidelines as to the dynamic specifications. This part of the research is mainly
based on explorative data analyses with time series techniques. For a more detailed
presentation of this approach, see Branna.s & Ekl6f (1980).
The functional form to use for the model is not specified in detail in (A2.13). For
some of the sketched relations a linear form in original (level) variables are assumed,
while in other instances a linear relationship in relative change (growth rates) are more
plausible to assume. In the "empirical work discussed in Chapter 2, below, we estimate the
model using variables defined in terms of relative change (growth rates). This means that
some of the relationships discussed above are approximative in nature. The same applies
to the two specified identities. In addition to economic motivations the transformation of
original variables to growth rates is enlployed for reasons of accounting for seasonality
in the original variables and in order to arrive at stable series.
Since the model will be used to derive optimal stabilization policies it should be
based on quarterly data. A number of alternative quantitative measures can be found for
some of the specified theoretical variables, while for others good data are difficult to find.
Annual observations are found to be too infrequent for stabilization purposes. Also, yearly
observations would give too few data points for a proper estimation of the system
parameters. Certainly, sonle information is lost even by using quarterly data instead of for
example monthly or weekly observations. Fluctuations due to for example speculation
against the Swedish currency may be erroneously smoothed out by quarterly observations.
However, apart from the serious problem of obtaining primary data, more frequent
observations will introduce a great deal of stochastic disturbances into the model.
For the estinlation phase time series of appropriate length are needed. On the one
hand, in order to arrive at good and stable statistical parameter estimates, relatively long
series are needed, especially when a systems technique is employed. In this respect, there
are great data problems. Quarterly data are scarce for many economic variables. A
number of the series needed are not available on a quarterly basis before 1969, and some

263
not until 1971. On the other hand, there are strong indications of structural changes in
the Swedish economy during the last twenty years or so. This fact introduces additional
problems into the empirical estimation phase, whenever the model is estinlated on data
for a long observation period. As a compromise it was decided to base the model
estimation on data for the period 1963 - 1977. This gives 60 observation points in total.
Thus, quarterly figures for the period 1963--1968 have to be created ex-post for
some of the series. For this purpose a number of different approaches have been used,
primarily based on the general idea of interpolating seasonally unadjusted quarterly
observations from the yearly data. The techniques are presented and discussed in Ekl5f
(1.980a), where the robustness of the resulting parameter estimates are studied as well.
It is concluded that the estimates of the complete systenl are not especially sensitive to
the technique used for obtaining quarterly estimates. At the same time it is evident that
the precision of the paranleter estimates is substantially improved by including
observations for the period 1963--1968 in the model estimation.
Another aspect of the problem with primary data is worth mentioning. For most
economic variables both preliminary and definitive statistics are published. Often the
definitive figures are published with long delays. For example, for the GDP statistics a
number of preliminary and revised estimates are published prior to the definitive figures,
which generally are released about two years after the actual quarter for the period of
study. There are a number of examples of most significant differences between
preliminary and definitive figures. This fact certainly limits the use of the model for exante forecasting and control.
Most of the time series studied have been exposed to one or more shifts during
the period of observation due to changed definitions or means of measurement. Special
attention has been paid to this problem and a few series have been slightly preadjusted
in order to give consistent figures. All variables expressed in volumes or constant prices
have been re-transformed to 1970 as base year to obtain consistency over time.
The theoretical variables listed in the model outlined in the previous section have
to be further specified and made operational for the purpose of obtaining enlpirical
measures. For some of the factors mentioned a number of alternative indicators may be
found, while for others it nlay be hard to find any appropriate time series data at all. It
is not possible to find any appropriate measure for business profits (bi), for example, on
a quarterly basis, and thus this proposed relation had to be excluded in the empirical
modelling phase.
There are two related types of questions when going from a theoretical model to
an empirically identified and estimated system. Firstly, the theoretical content of each
variable has to be defined and specified in detail. For example, what is meant by money
supply? Is it more relevant to consider money only in a narrow sense, what is ordinarily
called M1, or should the money supply measure also include other types of monetary
assets, like M2 or even M3? This is a purely economic question that has to be answered
from an economic point of view and cannot be based on empirical data analysis.
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The next problem is to find appropriate time series which measure the economic
variables as defined above. This is primarily a statistical question and in most applied
work the choice has to be restricted to previously collected data series. It is only
occasionally possible to create totally new series for the purpose of econometric
modelling. This second question is, however, not merely a matter of relevance. Reliability
or precision must also be considered. The statistical quality differs considerably from one
macro-economic series to another. This is relevant for stochastic errors as well as
systematic error components. Furthermore, the precision often varies between different
observations for the same series. The empirical specification of the model is thus the
result of a compromise between arriving at a theoretically correct and valid structure of
the economic system and using statistically accurate primary data for estimation.
All the data series needed are not available in any single public database or
statistical publication. On the contrary, data have to be compiled from many different
sources. For the purpose of efficient handling and modelling all collected time-series have
been combined in a special database l . As one of the main aims of the research program
is to study the interaction between statistical data and policy planning, considerable efforts
have been devoted towards the creation of this specific database. In total, the file includes
some 85 original variables. Furthermore, a large nUITlber of transformations, preliminary
estimates, and forecasts have been compiled and added to the base.
Of course, only a fraction of all these series have been used in the estimation
phase. For a comprehensive presentation of all data series collected, see Ekl6f (1980b).
In the following, a few of the series used for the quantitative identification and estimation
of model relations are briefly presented. Those included in the final version of the
econometric model are explicitly specified in Chapter 4 of this Appendix. Adjustments
and transformations of the data before model estimation are commented in Ekl6f &
Lundberg (1981).
This sums up to the conclusion that the available basic data are imperfect in a
number of ways. This fact certainly limits the scope of proper estimation, model analysis,
and simulation.

1 All series from the initial, as well as the renewed estimation are available in the
fornl of a SAS database.
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2.

MODEL ESTIMATION AND VALIDATION

In this chapter, the results of the complete system estimation are presented. In Section
2.1, some estimated relations of the model are presented, while the entire system is
considered and discussed in Section 2.2. Stability and robustness properties are considered
in Section 2.3, while a few forecasts, ex post and ex ante, are presented in the last section
of the chapter.

2.1

Estimated Relations of the Model

The model to be estimated is linear in variables. The variables are expressed in four
quarter relative change (growth rates) provided nothing else is said. The estimation is
carried out on the structural form of the model, that is, on the system expressed in
accordance with equation (Al.l).
Least squares techniques are employed in the enlpirical estimations of the model.
OLS as well as two stages least squares (2SLS) and three stages least squares (3SLS)
techniques are utilized. The finally estimated nl0del paranleters, given in Appendix 1, are
obtained from 2SLS estimation.
For model analysis and validation we use the reduced form of the system, equation
(Al.2) is employed.
No strict statistical criteria have been used in determining the final structure.
Instead economic interpretations have been an inlportant criterion when selecting the
variables for inclusion in the relations. However, only in a few special cases are variables
which are not significant on the 95-percent level included in the final model. The inclusion
of these is motivated by economic theory. The Durbin H-statistic is calculated for the
relations including lagged dependent variable. For the remaining relations the ordinary
Durbin-Watson statistic is calculated. In addition the Box-Ljung Q-statistic is calculated
in order to give an indication of possible auto-correlation remaining in the residual terms.
These quantities are given in Chapter 4.
The model estimation is carried out in a number of stages. The first problem is to
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choose a specific measure when there is more than one alternative for a theoretical
variable. For this, statistical test criteria are relied upon. The second stage includes
unrestricted OLS estimation of each relation. After this, 2SLS and 3SLS estimation is
employed. Based on the combined results of this exercise, the entire system is estimated
simultaneously.
A few of the estinlated relations are presented and briefly discussed in the
following. Only relations imposing special treatment, or exhibiting questionable numerical
results are given consideration below. For a more comprehensive discussion of numerical
estimation, see Ekl6f & Lundberg (1981).

Rate of Inflation and Export Prices
When estimating the model's price formation block, that is the equations for consumer
prices and export prices, we have worked with four groups of explanatory variables. These
are:
1. The EFO factors which we define as the rate of increase of world import prices
(wp) and the rate of change of the exchange rate (vx), defined as the value of
Swedish Kronor (SEK) in foreign currency; a fall in (vx) means a devaluation. The
rate of productivity increase is left out because of lack of data.
2. The cost inflation factors which are represented only by the rate of change in
wages (w), since no measure of other input prices is to be found.
3. The monetary factors, that is alternative measures of the stock of money (m).
4. The excess demand factors which are measured by the rate of increase in
aggregate demand (e), or the rate of change of capacity utilization (kap).
The variables used to represent the rate of increase in the money supply exhibit
insignificant coefficients, and in some cases coefficients of the 'wrong' sign (negative) in
the equation for consumer prices, as shown in the estimated relation (A2.14).
Pt

=

0.721Pt_l + 0.141e t_1 + 0.032WPt_l + 0.046wt_1
(0.111)
(0.095)
(0.022)
(0.046)

-

(A2.14)
0.018nl t_1
(0.030)

-

0.017vxt
(0.014)

R 2 = 0.81

Thus, the crude quantity theory is not confirmed by our data. The variable (m) is
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dropped from the model.
The negative result for the variable (m) is, of course, open to different
interpretations. However, we must point out that the postulated relation (1.4) between
(p) and (m) holds in a strict sense only for a closed economy. It has been argued that for
a small open economy variations in the growth rate in the domestic money supply will not
affect the inflation rate at all, but only the inflow (outflow) of reserves.
The excess demand hypothesis also shows somewhat disappointing results. The
capacity utilization variable is highly insignificant; the increase in effective demand (e) is
both insignificant and of various signs. Only in lagged form does (e) show the expected
positive sign, though not statistically significant. Our results indicate that price increases
caused directly by excess demand in the markets for goods and services have not played
an important role in explaining the inflationary development in Sweden during the period
of study.
On the other hand, the data clearly support the hypothesis of a mechanism
generating a direct spread of inflationary impulses internationally, as implied by
purchasing power parity theories in general and the EFO model in particular. The results
indicate the possibility of a domestic wage push component in the Swedish inflationary
process. Finally, according to our data an increase in the value added tax, as well as a
devaluation of the Swedish krona (that is a fall in vx) both seem to raise the consumer
price level, as would be expected.
In the equation for export prices we have us'ed only the EFO and cost inflation
factors. We have excluded the variables representing the monetary and the excess
demand hypotheses, on theoretical grounds. The value added tax should not affect export
prices. The results are broadly similar to those for consumer prices. The coefficients of
world import prices and wages are positive and for the most part significant. There is a
strong auto-regressive ternl in both equations. This can be interpreted as reflecting the
influence of inflationary expectations on the actual price formation process.
The impact effect of world prices on export prices is much larger than on
consumer prices. This is as would be expected, since prices on exported goods follow
world prices, while prices on consumer goods and services are influenced only to the
extent that they are tradeable. On the other hand, wages tend to affect export prices
more immediately than consumer prices, which is contrary to theory. In fact, according
to the long run EFO hypothesis, wages do not 'affect' K-sector prices at all.
Finally, our data fail to show any influence whatsoever of the exchange rate on
export prices. This is perhaps a little unexpected since it means that Swedish firms, in the
case of a devaluation, would keep their prices on exports constant in SEK, and thus lower
prices in foreign currency in proportion to the change in exchange rates. This is not in
line with the conventional wisdonl, where Sweden is generally said to be a price taker in
most international markets.
Our results seenl consistent with the conclusions reported in SOU (1976a) that the
main determinants of the rate of increase of consumer prices in Sweden seem to have
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been wage increases and the international inflation. In that study, international inflation
was measured as Swedish import prices in SEK, which means that the exchange rate is
included only implicitly. The cost inflation effect was represented by the difference
between the rates of wage increases and of productivity.

Private Consumption, Business Investments and Exports
In the equation for private consumption, current and previous real disposable household
income comes out strongly positive, as expected. On the other hand, the inclusion of
lagged consumption does not seem to improve the results. The coefficient is insignificant
and the sign not as anticipated. This would seem to contradict the hypotheses stressing
the influence of expectations of a long run normal income in forming consumer behavior
as proposed in many instances. However, the presence of the lagged income term could
perhaps account for this effect.
Our results show that the rate of inflation seems to affect consumption negatively.
They maintain that an increase in inflation increases the degree of uncertainty in
consumer expectations about future real income, and that uncertainty will increase
savings. The rate of interest seems to have no significant effect on consumption. The
consumer expenditure is affected by credit market conditions, or more specifically, by the
availability of credit. In our model, this effect is represented by the positive sign of the
variable measuring expansion of bank credit to the public.
The equation for private business investment is based on three main groups of
factors, representing three model classes, namely the neoclassical capital theory, the
accelerator theory and the residual funds theory. The prices of the factors of production,
i.e., labour and capital, are represented by wage cost and the market interest rate (to
calculate the user cost of capital goods we should, strictly speaking, also know the capital
goods prices and the rate of depreciation). The growth of effective demand (e) is
supposed to take account of the accelerator effect. According to the residual funds theory,
investment can be expected to vary with the availability of different forms of financing,
such as current or cumulated retained profits, bonds, stocks, and bank credits. Due to lack
of proper data we have only been able to try two of these variables, namely increase in
bank credits (I) and a very crude measure of aggregate gross profits in the business
sector, obtained as the gross value added in the business sector minus wages.
Our results support the neoclassical theory of investment in so far as the rate of
increase of wages seems to increase the demand for investment. The coefficient for
growth rate of wages is positive and significant. Rising relative cost of labour will thus
lead to increased investment. On the other hand, the coefficient for the rate of interest
(expressed in terms of absolute four quarter change) is insignificant, though it has the
correct sign (negative). This could perhaps be explained by the fact that the market
interest rate is not a good measure of the marginal cost of financial capital.
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The data also tend to confirm the accelerator theory of investment as the
coefficient for the growth of effective demand is positive, but generally insignificant.
However, this relation must be interpreted with caution, because the theory predicts a
relation between the variable (e), as a proxy for the growth of sales and the level of
investment, while we have estimated the relation between (e) and the rate of growth of
investment.
Our data indicate that business investments tend to increase in response to an
increase in investment subsidies, with a two period lag. However, the coefficient is not
significant. Lagged investments enter the equation very strongly, suggesting an
interpretation in line with the capital stock adjustment theory. Actual investment in any
period is the result of investment decisions in previous periods, thus reflecting past values
of the determinants of investment, such as a sales increase. This "historical" influence is
reflected in the lagged investment term.
Finally, our results give no support whatsoever for the hypothesis that business
investment has been influenced in any significant way by the availability of finance, and
of profits. Neither the business surplus nor the bank credit variable turn out to be
significant as shown in the estimated equation (A2.15)
it
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0.30it_1 + 0.78et + 0.37wt
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+ 0.13invt _2 - 0.111t + 0.02bft +
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(0.17)

+ 0.03bft _1 - 4.3
(0.04)

(0.03)
R 2 = 0.42
DW = 1.84

It is obvious from this equation that the growth rates of bank loans and of gross
business surplus are both highly insignificant. The quarterly indicator for measurement
of (bf) is of doubtful quality. Furthermore, these variables make some of the other
regressors less significant.
This result might seem surprising, and contrary both to earlier studies of
investment behavior, Eliasson (1967) and to Swedish debate on stabilization policy, which
tend to stress the importance of financial factors and of profits. However, neither of the
two variables are very good measures of the corresponding theoretical concepts, that is
the availability of internally generated funds and of inexpensive outside financing.
In our model, the demand for Swedish exports is determined by the activity in the
world economy and by relative prices. As measures of economic activity we have used
total world trade (wt) and industrial production in the OECD (ip). Both variables produce
coefficients that are positive and significant, as expected. Our results also support the
hypothesis that Swedish exports are strongly influenced by variations in relative prices,
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and that Sweden is not simply a price taker in world markets. According to theory,
exports should increase when prices of Swedish goods in SEK fall (exp), and when prices
of competing, foreign produced goods (in foreign currency) rise (wp). Given the
development of these variables, exports should increase when the SEK is devaluated, that
is a fall in vx. This turns out to be confirmed by data, in that the coefficients of the price
variables and of the exchange rate are significant and of the expected signs. In the export
equation, we have not included any variable representing the effect of constraints on the
supply side, such as capacity utilization.

Import and Production Equations
The theoretical variables determining imports are the level of activity in the Swedish
economy and relative prices. As a measure of the former, we have chosen the aggregate
demand for goods and services (e). The coefficient for this variable turns out to be
significantly positive, both in current and in lagged form. The relative price influence is
represented in our model by indices for Swedish export prices, by world import prices,
and by the exchange rate. These variables are supposed to measure the prices of Swedish
products exposed to foreign competition. Since the price indices are given in different
currencies, the exchange rate also has to be included.
Both the domestic price variable and the exchange rate receive the expected
positive sign, that is when Swedish goods become more expensive, in foreign currency,
imports will increase. But the world market price variable fails to be significant. Finally,
current imports are influenced by the previous development of imports.
According to our results, the gross domestic product seems to be strongly
influenced by the rate of growth of total demand in the same period (e t ), since the
coefficient for this variable is strongly significant and just a little less than one. Lagged
production and demand also influence current production, but these effects are small.
Contrary to expectations, the adjustment of production to an increase in demand seems
to be very rapid. The adjustment model presented earlier, where an increase in demand
in the short run mainly spills over into imports and inventory reductions, seems not to be
very important.

Labour Market and Wage Formation Equations
In the equation for unemployment, as well as in the wage formation equation, we have
tried several variants of the unemployment variable, including registered unemployment
according to the labour market authorities, unemployment according to labour surveys,
and a measure of 'total' unemployment, including persons undergoing labour market
training or employed in public works. In addition, we have tried the variables in absolute
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as well as in relative forms. The results do not differ very much. We have finally decided
to include only the open unemployment in the model, and leave out the relations between
open, 'disguised', and total unenlployment.
The change in the relative rate of unemployment appears to depend on the
increase in production, with a lag of one period. In addition, the introduction of
employment subsidies seems to have kept open unemployment down. There is also a
strong auto-regressive ternl in the series.
With regard to the determinants of the rate of change of wages, it would be
preferable from a theoretical point of view to separate the wage increase in two terms;
the negotiated wage change and the wage drift, but this is not possible for quarterly data.
The statistical results tend to confirnl our hypothesis of an 'expectations-augmented
Phillips curve'. Lagged inflation, which can be supposed to be a proxy for the expected
current and future rate of inflation, affects the rate of increase of wages positively. On
the other hand, only the change in unemployment, but not the unemployment level, seems
to affect wages. According to theory, the rate of increase of wages should be
proportionate to the level of excess demand on the labour market, which can be
measured by unemployment, or by the difference between vacancies and unemployment.
In our analysis the results are much the same in either case.
We also find that the current rate of increase of wages strongly depends on the
previous wage development. This can be explained as a result of expectations about a
'normal' rate of wage increase, formed by past development, directly influencing current
negotiations and wage drift.
Several empirical studies for Sweden as well as for other countries have pointed
out that the conventional Phillips curve, that is the relation between wage increase and
unemployment, was fairly stable in the 1950s and 1960s, but seems to have shifted and
become less stable in the 1970s.
Household real disposable income is influenced by prices, wages, national income,
and by taxes and transfers to households. All the explanatory variables have the expected
sign. Since gross profits (bi) do not seem to influence investments, (bi) has been dropped
from the investment equation. This means that we can also drop the equation determining
(bi) from the model.
The development of the balance on current account obviously depends on the
volumes and prices of both exports and imports. Our data show that the balance on
current account tends to deteriorate when the prices of imported goods fall (in
international currency) and when the SEK depreciates. Nevertheless, export prices fail
to be significant. In both equations the lagged dependent variable comes in strongly.
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2.2

Structure of the Estimated Model

Our finally estimated model consists of 13 equations, of which 2 are identities. There are
13 exogenous variables, of which 9 can be classified as economic policy instruments, and
4 are treated as purely exogenous, namely housing investment (h), world trade (wt),
industrial production in the OEeD (ip), and an index of world import prices (wp).
The detailed structure of the model, as opposed to the tentative and general
overview given in Figure A2.1 and equation (A2.13), is presented in equation (A2.16).
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The entire model is estimated with 2SLS. Numerical results from this exercise are
presented in the last chapter of the Appendix.
The short run structure of a model can be illustrated by arranging its equations
and endogenous variables in a causal order, Hansen (1955). In our model the variables
(p), (exp) and (u) are of the first order, meaning that they are determined solely by
exogenous and predetermined variables, and not influenced by other current endogenous
variables. Exports and wages are of second order, because they are determined by
variables of the first order, as well as by exogenous and predetermined variables. On the
third level there is a block of variables (pc), (i), (e), (dy), and (y), simultaneously
determined, and also affected by variables on lower levels. Finally, (im), and (bal) are
determined by all other variables in the model.
Changes in all the nine policy instruments except the interest rate (r), and the
investment support (inv) generate immediate, short run, effects in the same quarter.
Results in terms of dynamic nlultipliers are reported in Ekl5f & Lundberg (1981). A few
multipliers are also included here in Table A2.4.
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2.3

Structural Stability and Robustness Properties

The final validation of a model for policy control cannot be carried out until it has been
used for policy analysis and simulation exercises. However, a number of quality aspects
of an econometric model can be studied directly. A few structural stability properties are
briefly mentioned in the following.
There are strong indications of structural changes in the economy during the
observation period. The existence of structural changes is more or less taken for granted
in many economic discussions.
The results of the two alternative estimation periods, based on OLS as well as
2SLS and 3SLS methods, are presented in Appendix 4 of Ekl5f & Lundberg (1981). Even
though nlany of the parameter estinlates are stable over time and for the different
techniques which have been tested, some fundamental changes are recorded too. Quite
a few coefficients are smaller in absolute figures and less significant when the last four
years 1974-1977 are excluded. This is certainly no surprise, and is expected as the first
couple of years during the observation period can be categorized oy stable economic
growth with small fluctuations. During the last years, however, very strong fluctuations are
found in a number of the variables. This also affects the parameter estimates.
A few individual results are worth mentioning. In the wage rate relation (3), the
importance of the lagged inflation rate, as well as of the rate of unemployment, decreased
when the last four years are excluded. The importance of the bank credit instrument is
decreased in the private consunlption relation (6). In the business investment relation (7)
a number of significant changes are noticed. For two variables, e and r, even changes of
signs are observed. The entire relation appears less accurate and thus not well suited for
policy analysis. However, it is a general observation that business investments are
extremely complicated to model. Strong changes are also to be found in the relation for
disposable income (8). Here, the role of the wage rate decreases and the role of GDP as
well as the tax rate is strengthened when the estimation period is truncated. The exports
relation (9) is also exposed to strong changes in coefficients. The importance of vx was
reduced as well, while world prices increase in importance. The coefficient for ip is
completely changed. Also, in the imports relation (10) vx is decreased in importance when
the last four years are excluded. Furthermore, the significance of exp is entirely eroded
when the time structure for effects of (e) changes. The current balance relation, finally,
is no exception. Also here the vx is important mainly during the last four years of the
estimation period. At the same time wp is entirely changed from negative to positive. The
coefficients for exports and imports decrease in absolute value when the estimation period
is truncated.
In summary, the numerical results point at the existence of structural changes in
the economy during the period of observation. This fact certainly limits the value of the
model for longer-term projections.
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2.4

Forecasting Performance

An ex-post forecast of the entire n10del estin1ated for the period 1963:1 -- 1977:IV, as it
is specified in Appendix 1, has been carried out for the last 16 quarters of the estimation
period. This means that the last four years of the estimation period, when strong
structural shocks were observed, have been chosen for the forecasting test. Actual values
for the exogenous variables have been used to generate the forecasts, while all the current
period and lagged endogenous variables are estimated from the model.
The forecast results are not too challenging, even though some of the variables
behave quite well. Highly inaccurate forecasts are observed for the wage rate and for
business investments. The imports and exports forecasts are inaccurate as well. The errors
can by and large be traced to inaccurate starting values for w. As the wage rate enters
many of the other relations the errors are quickly multiplied and spread throughout the
econometric system.
As a complement to the system forecasts, single relation forecasts are also derived.
In this exercise, actual values are used for all right hand variables. The numerical accuracy
of these sin1ple forecasts are, as expected, better than those from the systems approach
when the entire forecasting period is considered. However, it should be observed that the
2SLS forecasts are almost as good as the single relation results for the first two years.
The two different forecasts are compared with the actual performance. The root
n1ean square errors (RMSE)2 are also calculated according to equation (A2.17) for the
endogenous variables, (see Table A2.1). The RMSE-measure is summarized over the
entire forecasting period, that is over 16 quarters.

T

RMSE -

where:

[..!. :E (y~ -I, i
T

(A2.17)

]1(2

t-l

tt = actual value for period t

it = forecasted value for period t
T

= forecasting horizon (here T =

16)

2 A number of different measures for forecasting performance exist. In a separate
study, some alternatives are compared. The conclusions do not, though, differ much
depending on which measure is used.
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Table A2.1

Variable
p
exp
w
u
Y

pc
dy
ex
im
bal

Forecasting Errors Measured by RMSE
Ex Post 1974:1 -- 1977:IV

System forecast

Single forecast

3.93
4.49
6.85
0.49
3.17
3.24
7.91
4.23
7.59
8.05
1316

1.79
3.15
4.67
0.25
1.78
1.58
5.29
3.45
6.75
3.73
1055

The model is also used for generating genuine ex-ante forecasts for the period
1978:1--1981:IV. Two different alternatives for the development for the exogenous
variables, instruments as well as purely exogenous, are chosen here. In the first case, long
~un trend figures are used, and in the second case 'best' forecasts available early in 1978
are used. These values are defined as the combined estimates of the budget proposal of
1978, the forecasts in the OECD projection of late 1977, OECD (1978), and in the Chase
Econometric forecast of 1978.
The results of the forecasts are given in Ekl5f & Lundberg (1981). In Table A2.2,
the results of a forecast evaluation for the period 1978:1 -- 1981:IV are presented. The
figures ued to generate forecasts in this comparison are those labelled adjusted and
reported in 1989.
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Table A2.2

Variable
p
exp
w

u

Y
pc
dy
ex
im
bal

Forecasting Errors Measured by RMSE
Ex Ante 1978:1 -- 1981:IV

Trend forecast
4.46
4.25
3.70
0.40
2.39
2.77
6.35
4.88
6.65
9.69
1839

'best' forecast
4.51
5.18
4.98
0.37
2.51
2.65
7.11
5.03
7.04
9.21
1961

From Table A2.2 it can be seen that the trend forecast calculation results in
smaller forecast errors, measured by RMSE, in 8 of 11 relations than does the 'best'
forecast. It is also to be observed that the ex ante forecasts perform better than the ex
post forecast measured with RMSE in 9 of the 11 relations. This result is based on a
comparison between the ex post system forecast, Table A2.1, and the ex ante trend
forecasts (Table A2.2) generated from running the model system for the period 1978:1 - 1981:IV.
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3.

RE-ESTlMATION AND RE-VALIDATION
OF THE MACRO MODEL

The small macro model of the Swedish economy, introduced in the two preceding
chapters, was initially estimated on quarterly data for the period 1963:1 -- 1977:IV.
In this chapter, the results of a renewed estimation for the san1e model structure
based on quarterly observations for the period 1973:1 -- 1988:IV are reported. This means
that the 5-year period 1973:1 -- 1977:IV is common for the two realizations, while the time
period has been updated by 11 years for this latter study.
The overall purpose of the new estimation exercise with the Macro Model is to
obtain an up-to-date empirical model for the purpose of exploring effects of varying data
quality during the 1980s. This will offer another illustration for test situations considered
in Part II of the thesis.

3.1

The Current Economic Environment

The econon1ic environment has successively changed in Sweden. It is thus not to be taken
for granted that the same relationships are valid at the end of the 1980s as in the early
1960s. On the contrary, it is to be expected that substantial changes should take place
during this 26 year period. In addition to expected more or less continuous changes, a
number of fundamental shocks have hit the Swedish economy. Of special importance for
the present modelling work is to consider:
- Changes due to the oil price shocks of 1973 and 1977
- Changes due to repeated devaluations in 1977, 1981 and 1982
- Relaxation of monetary regulations and opening of the financial markets from
1985, onwards
The first case can be labelled as exogenous shocks and the second as internal
system shocks in the terminology of Chapter 2, in Appendix 1. Price and exchange rate
variables are included in the initial n10del. Thus, it can be argued that these shocks should
be possible to capture in the model as it stands. The third example above may be
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characterized as changing system relationship. The monetary sector is initially modelled
in a most rudimentary form, merely composed of a few monetary instruments taken in
isolation. This means that the model first estimated might not capture changes in the
interrelationship between monetary variables. Thus, the inclusion of a monetary sector
explicitly explaining interaction between financial quantities (interest rates, nl0ney supply,
etc.) ought to be considered. On the other hand, the fundamental changes in the
nl0netary sector were initiated only in 1985, that is just before the end of the new
estimation period. This means that an explicitly modelled monetary sector may not be
particularly crucial for the determination of the system during the estimation period, but
is essential if the model is to be used for ex ante forecasting. As already spelled out, the
main purpose of the estimated model is to offer an empirical foundation for analysing
effects of varying data quality by means of ex post simulation exercises, while genuine
forecasting is not aimed at. Thus, we nlay take this an argument for not spending too
much resources on developing a monetary sector.
A few selective instruments, specially considered in the initially estimated model,
are found less relevant to model this time as they have been used either during the entire
1980s, or not at all used. These include investment support (inv) and labour subsidies
(S2). Thus, they have been excluded in the renewed estimation.
The relations explaining private consumption (pc) and business investments (i)
exhibited particularly poor fit in the initial estimation. Monetary instruments (r, I and M3)
showed weak explanatory power. In the renewed estimation other potential explanatory
variables have been collected as well, including structural change in the industrial sector
(str), alternative money measures, M2 etc, and interest rate indicators. The variable (str)
is defined as the change in number of employees by industries on the three digit level
according to the ISIC classification.
During the 1980s, the performance of the Swedish economy differed significantly
from that experienced during the 1970s, and the 1960s. This is found from a comparison
of the mean values and variances for the central variables during the initial and renewed
estimation periods. The average Swedish inflation rate has increased by almost 2 percent
units, the export price by more than 2 percent, while the average increase in hourly
earnings has increased by almost 1.5 percent units less than during the period 1963 -1977. At the same time, the average unemployment rate has decreased significantly, while
the growth rate of GDP, investment, disposable household income and private
consumption have all decreased by about one percent unit each. The growth rate of
exports and imports have decreased, and the current balance has continued to
deteriorate. Among the instruments new credits have decreased significantly in terms of
growth rate, while the level of value added tax has gone up further, though at a lower
pace than before. The exchange rate has decreased significantly, meaning that the
Swedish Currency (SEK) has devaluated in relation to the studied trade weighted basket
of foreign currencies. The growth rate for aggregate taxes and transfers, measured in
current value, has been slightly lower during the most recent period, as has the public

279
sector demand. Finally, the average interest rate has increased further, though also at a
lower pace than before. Among studied variables considered as truly exogenous in our
study it is observed that the growth rate for investments in permanent dwellings has been
negative. Growth in industrial production in the OECD-region has been almost one
percent unit lower during the latter estimation period than the initial, while the growth
in the volume of world trade has decreased significantly. At the same time the world price
shows an accelerated increase during the latter period.

3.2

Model Estimation

A comprehensive database with time series data was developed for the initial estimation
of the Macro Model. As a first step in the updating this has been extended with
observations for the period 1978:1 -- 1988:IV. It has been found rather intricate and
tedious to link the initially defined variables with observations for the new period. In
order to validate the numerical data, observations for the period 1973:1 -- 1977:IV have
also been collected for the said variables. This means that we have two realizations of the
respective variables for this 5-year (20 quarters) sub-period, see Section 5.1.
Special concern has been given to the series for aggregate taxes (tax), and for
transfers to the household sector (tr) in the renewed collection of data series. The
collection and disbursements patterns for these have changed a number of times during
the 1980s. In order to obtain acceptable four quarter growth rates initial smoothing had
to be carried out. Unless this is done the quarterly growth rates exhibit totally unrealistic
fluctuations not mirroring real effects. The variables from IMF measuring world trade
volume and world price change have also been found problematic to link over time
because of significant definitional changes. Further, changes have occurred in a number
of the other series. These problems have, in principle, been taken care of by smoothing
the values for 1973 and 1978.
After collection of the primary data, the renewed estimation of the Macro Model
has been made in the following steps.
- Firstly, all relations from the initial model were estimated including the same
variables and same dynamic structures.
- Secondly, the statistical fit of this model estimate was considered. For variables
exhibiting insignificant parameter estimates, or unexpected signs alternative
measures were considered whenever available. The dynamic structure was also reconsidered in the situations where traditional statistical tests pointed at
questionable fit.
- A test version of a monetary sector was also tentatively estimated. This was,
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however, found to be less accurate, as only a few financial variables were kept in
the model.
This means that the estimation was started assuming the same dynamic structure
as arrived at in the initial estimation. In relations- with generally poor fit or insignificant
coefficient(s), alternative lag structures have been tested. If the respective coefficients are
significant when employing alternative dynamics we have accepted the obtained estimates.
If no significant parameter estimates are obtained we have also tried alternative
measures, but not finally included them in the initially estimated model. In this way one
additional variable, structural change in the industrial sector (str), (see Section 3.1), has
qualified for inclusion in the investment relation.
The finally obtained empirical model is presented together with the initially
estimated version in Chapter 4. From this, it is seen that at least as good fit as for the
initial estimation is obtained. Some validation tests are reported below.

3.3

MO.del Validation

In the following, we consider some tests of the model validity. Initially, the statistical fit
is presented. Further, the forecasting performance is illustrated by means of an ex post
exercise. This is parallel to the one presented in Section 2.4 for the initially estimated
version of the system. The section is concluded with some results from measurement
errors for part of the period in a few of the explanatory variables.

Statistical Fit
Overall, the statistical fit of the model system is acceptable. Expected signs are obtained
in all cases except for the world price index coefficient in the export relation. However,
as the dynamic structure is changed for the export price variable as well, a multiplier
approach must be employed in order to reveal the composite effects. Poor fit is obtained
for the disposable income (dy) and current balance (cb) relations. Individual parameter
estimates are significant on the 95 per cent level for all but 11 of the 48 estimated
coefficients. Inclusion of the remaining variables are nlotivated on economic theoretical
grounds. The monetary instruments in the investment equation exhibit poor fit, as do
some of the coefficients in the export and import relations.
We see signs of remaining auto-correlation in 2 of the 11 behavioral relations,
measured by the Durbin H statistic. On the other hand, the Ljung-Box Q-statistic
indicates signs of auto-correlation in all but one of the relations when a significance level
of 5 per cent is employed.
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Forecasting Performance
A forecast test was carried out also for the renewed estimation period. In this, similar ex
post forecasts as reported in Section 2.4 are generated for the period 1984:1 -- 1987:IV.
The year 1988 was excluded because we do not have definitive values for this year as yet.
The RMSE is used as the criterion for evaluating the forecasting performance. The results
of this test are reported in Table A2.3, below.

Table A2.3

Variable

p
exp
w
u

Y
pc
dy
ex
im
bal

Forecasting Errors Measured by RMSE
Ex Post 1984:1 -- 1987:IV

System forecast

1.41
5.69
2.49
0.31
1.40
1.57
3.91
2.50
3.85
4.76
4769

Single forecast

0.89
4.06
2.01
0.21
1.25
1.69
3.19
3.57
4.47
4.31
3736

Nine of the relations exhibit better system forecasts measured by the RMSE in this
renewed nl0delling, while two have deteriorated (export price index, and public sector
balance). When single relation forecasts are employed 6 of the eleven relations show
better ex post forecasting perfornlance.

282

3.4

Comparisons of the Two Model Estimates

With one exception, all variables included in the renewed estimation were also included
in the initially estimated nl0del. The new variable is a measure of the structural change
in the industrial sector (str). This is found significant for the explanation of change in
business investments. Two policy instruments are excluded in the new estimation, labour
subsidies (S2) and Investment support (inv).
The dynamic structure is changed in a few of the relations. Generally, better fit
than in the initial estimation is obtained now. At the same time more remaining autocorrelation is found. The results are commented upon relation by relation in the following.
For details reference is given to the model estimates reported in Chapter 4. At the end
of this section, a few dynamic multipliers are presented.

Rate of Inflation
The estimation of the rate of inflation started directly from the initial model. Effective
demand (e) was however found not significant, neither lagged nor with simultaneous
impact. Also the initial model exhibited weak significance for e. In the renewed estimation
this variable was found entirely irrelevant for inclusion as observed from the empirical
data. This means that one variable less is included in the current estimation. In addition,
it is seen that the lagged price variable exhibits lower influence, while lagged labour costs,
rate of exchange and VAT have almost the same coefficients. The internal dynamics of
the price development appears stronger in the early period than in the latter. The
coefficient for world price has a higher numerical value, though exhibits very poor
significance.
The level of auto-correlation is acceptable when judged by the Durbin-H, while the
Q-statistic indicates positive auto-correlation.

Export Price Change
The export price index, compiled by SCB, has undergone significant definitional changes
since 1977. In addition, due to strong devaluations it has been found less straight-forward
to numerically measure this quantity. A direct replication of the initial model results in
poor fit. For that reason remodelling of the world price (including both simultaneous and
lagged influences), as well as including the rate of exchange (tried also in the initial
model) results in fairly proper model fit. The world price variable in the earlier period
gave a strong positive immediate influence on the Swedish export price index, while in the
latter period an alnl0st equally strong negative effect is obtained. The hourly earnings
variable is not significant this time either. It is, though, still kept in the model due to
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strong support from economic theory.
There is substantial remaining auto-correlation in the relation as measured by the
Durbin-H. This was also the case for the initial estimation. It is, though, not the result
obtained fronl the Q-statistic.

Change in Hourly Earnings
The hourly earnings variable is estimated similarly both times. The statistical fit is slightly
better in the renewed estimation. All coefficients are significant, and slightly higher in
numerical terms than in the initial estimation.

Change in relative rate of Unemployment
Unemployment is primarily explained by the lagged unemployment variable. In addition,
effective demand is included in this renewed model. This variable (also tested last time)
was found to have better explanatory power than the lagged GDP used initially. Labour
subsidies were not considered this time because it has hardly been utilized as a policy
instrument since the end of the 1970s.
The statistical fit is acceptable, significantly better than the initial. No remaining
auto-correlation is found measured by the Durbin-H statistic.

Change in Gross Donlestic Product
The GDP is modelled similarly both times. The lagged GDP variable has a higher
coefficient, and the effective denland lower in the renewed estimation. The own dynamics
is thus strengthened. Rather poor statistical fit is obtained in both estimates.
No remaining auto-correlation whatsoever is found in the current model measured
by Durbin-H. The initial model, on the other hand, exhibits significant negative autocorrelation in the residual.

Change in Private Consumption
Private consumption was poorly modelled in the initial estimation. In the renewed
estimation the lagged pc-variable was found significant (not so initially). The dynamics for
the disposable income exhibits a changed pattern. In the current estimation it has a
positive influence both simultaneously and with a one quarter lag. The variable measuring
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new credits was found to add no explanatory power whatsoever. This was also poor in the
initial estimate. An interpretation of this result may be that there have been no supply
constraints on loans during the period of estimation.

Change in Business Investments
Empirical modelling of short and medium term changes in investment rates has been
most problematic. This was also experienced during the initial modelling phase. In the
renewed estimation investment support (inv) was not tested, as it has been more or less
open access to the investment funds since 1977. Instead, alternative explanatory variables,
as discussed in Chapter 1, have been tried extensively. Anl0ng the tried variables rate of
structural change in the industrial sector (str) was found significant. This variable enters
the relation with a positive sign, meaning that the more rapid structural change, the
higher growth rate in investments. This result appears plausible. The explanatory power
of the interest rate variable (r) is very weak, as is new credits (1). The time lag is reduced
with one quarter for the interest rate variable. The wage rate is found not significant in
the renewed estimation.
The results obtained for the studied monetary instruments in the renewed
estimation may be interpreted in terms of actual weak links between the real and
financial markets. The financial system may have only marginal effects on the growth of
investments, and hardly any effects at all on the change in real private consumption.
The model fit has been improved, even though it is still low in absolute terms. No
remaining auto-correlation nleasured with Durbin-H.

Change in Real Disposable Income
The GDP variable was initially found weak in explaining disposable incomes. In the
renewed estimation this variable was found not to add any explanatory power at all. It
was thus excluded from the relation. Apart from this, the same independent variables are
included. The numerical values of the coefficients for labour costs and inflation rate have
increased while those for taxes and transfers remain almost the same.
Some indication of remaining auto-correlation is found measured with Durbin-H,
while the Ljung-Box Q-statistic indicates remaining auto-correlation.

Change in Export Volume
The most significant difference in the two estimates for the export volume variable is that
world price enters the relation with a negative sign in the current estimation, while the
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sign was positive in the initial. The sign, taking everything else constant, is expected to be
positive. In our renewed modelling it should be noted that the export price and world
price variables have been exposed to definitional changes. Thus, the combined effects of
changes in these two variables have to be studied.
The rate of exchange and industrial production in DEeD exhibit similar influence
in both the model estimates, while world trade is found to have a higher coefficient in the
renewed estimation, though the significance is poor. The theoretically correct relationship
would be the ratio between Swedish export prices and world trade prices. The export
price variable is found insignificant for both estimates.
There are no signs of remaining auto-correlation, measured with the DurbinWatson statistic.

Change in Import Volume
The same variables are included both times for explaining the import volume. The
influences of export price and rate of exchange have both decreased. Effective demand
exhibits a changed dynamic pattern. The aggregate effects can not be directly considered
from the structural model coefficients. The export price variable is insignificant for both
estimates.
No remaining auto-correlation was found in -either of the model estimates.

Change in Current Balance
The statistical fit of the current balance relation is poor in the renewed estimation. The
obtained result for the rate of exchange (vx) in the renewed estimation may be
interpreted in terms of the J -curve. We initially record a deterioration in the current
balance from_a devaluation, while the balance improves later on. The absolute values of
all coefficients have increased.

Dynamic Identities
The identities are linearized approximations, expressed in growth rates fronl the basic
level relationships. The relative shares of effective demand and public sector balance,
respectively, have been estimated around the mean years of the estimation period, that
is 1979 -- 1981.
For (e) it is found that business investments have decreased, while housing
investments and exports have increased their relative shares.
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Changes in the relative shares of the public sector balance are minor. Aggregate
direct taxes have increased slightly, while VAT decreased. The proportions between
consumption and investment on the one hand and transfers on the other have stayed the
same.

Dynamic Multipliers
Impact, interim and long run multipliers for the initial model estimate (Model I) are
reported in Eklof & Lundberg (1981). In the following tables some of these results are
combined with multipliers derived from the second model estimate (Model II). This gives
further information about effects of exogenous shocks and disturbances on some of the
central economic relationships in the Swedish economy.

Table A2.4

Dynamic Multipliers

Impact

0

0.073

0

0.001

0.044

-.007

-2.8

5.1

4 quarter

0.017

0.551

-.005

0.027

0.058

-.109

-9.9

109.2

8 quarter

0.036

0.595

-.008

0.038

0.055

-.111

-11.0

116.3

12 quarter

0.049

0.606

-.008

0.041

0.052

-.108

-11.5

114.8

Longrun

0.067

0.611

-.007

0.041

0.046

-.104

-11.7

112.7
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Impact

0.286

0.304

0

0.004

-.046

-.029

3.0

21.1

4 quarter

0.839

2.298

0.012

0.114

-.199

-.454

25.2

455.6

8 quarter

1.252

2.480

0.032

0.159

-.306

-.462

33.3

485.3

12 quarter

1.480

2.525

0.046

0.172

-.372

-.449

33.2

478.9

Longrun

1.737

2.546

0.066

0.172

-.456

-.435

32.3

469.9

Impact

0

0

0

0.001

0

-.006

0

4 quarter

-.005

-.009

0.002

0.021

-.041

-.081

5.4

83.3

8 quarter

0.021

-.027

0.005

0.030

-.042

-.088

7.9

92.6

12 quarter

-.032

-.042

0.006

0.034

-.039

-.093

8.3

97.2

Longrun

-.049

-.072

0.005

0.041

-.034

-.105

8.6

106.8

Impact

0

0

0

-.001

0.015

0.009

-123.1

-6.8

4 quarter

0.020

0.015

-.007

-.034

0.087

0.134

-169.7

-137.8

8 quarter

0.049

0.044

-.011

-.049

0.085

0.146

-171.4

-153.0

12 quarter

0.071

0.069

-.012

-.056

0.080

0.544

-170.5

-566.8

Longrun

0.102

0.120

-.010

-.069

0.070

0.612

-169.6

-624.8

4.1
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Impact

0

0

0

0.001

0

-.010

0

4 quarter

-.027

-.013

0.009

0.031

-.314

-.121

34.9

124.0

8 quarter

-.168

-.040

0.046

0.045

-.399

-.137

72.7

143.2

12 quarter

-.287

-.064

0.054

0.053

-.380

-.145

78.6

151.1

Longrun

-.471

-.113

0.047

0.065

-.325

-.163

82.4

166.6

Impact

-.093

-.094

0

0.007

-.074

-.052

-123.1

7.4

4 quarter

-.308

-.774

0.007

0.105

-.053

-.396

-169.7

95.7

8 quarter

-.480

-.950

0.005

0.159

-.014

-.493

-171.4

166.1

12 quarter

-.582

-1.074

0.001

0.195

0.014

-.551

-170.5

213.3

Longrun

-.702

-1.332

-.008

0.260

0.053

-.654

-169.6

299.8

Inlpact

0

0

0

-.010

0.091

0.080

22.3

84.7

4 quarter

0.026

0.073

-.008

-.141

0.021

0.503

-4.4

203.9

8 quarter

0.035

0.182

-.006

-.186

0.021

0.540

-12.5

164.5

12 quarter

0.033

0.268

-.003

-.210

0.013

0.568

-13.8

138.8

Longrun

0.21

0.436

-.002

-.250

0.014

0.631

-13.6

85.4

7.5
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Impact

0

0

0

-.002

0.013

0.013

3.5

14.2

4 quarter

0.005

0.012

-.002

-.024

0.017

0.085

3.0

34.2

8 quarter

0.010

0.031

-.002

-.031

0.016

0.091

2.7

27.6

12 quarter

0.014

0.045

-.002

-.035

0.015

0.095

2.6

23.3

Long run

0.019

0.073

-.002

-.042

0.013

0.106

2.5

14.3

Conclusions
Some of the parameter estimates have changed significantly between the two estimation
periods. However, in general terms the relationships are found to be rather stable.
The dynamics are overall found stronger in the 1980-realization (II) of the model,
than in the initial (I). This is true for all considered instruments except one, the Interest
Rate.
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4.

INITIAL AND RENEWED ESTIMATION

4.1

Definition of Primary Data

In the following listing, variables included in the final version of the model are specified.
If nothing else is stated the variable refers to Sweden. The stock-variables are measured
as accumulated value throughout the quarter, while variables related to flows are
recorded as means over the quarter. The period of observation for all basic variables is
1963:1-1977:IV in the initial estimation. These series are taken from a specially compiled
database, the EMC-database. For detailed definitions of the data sources see Ekl6f
(1980b).
The re-estinlation of the model carried out in 1990 is based on data collected for
the period 1973:1 -- 1988:IV. Maximal consistency with the initial series has been aimed
at. A few of the variables have been used for only one of the estimation periods, while
the dominant part has been used both the periods. For two variables, exp and tr, two
alternative series have been collected and tested in the second period estinlation. The
alternative eventually used is marked in the list.
The first line in the listing of variables refers to the initial estimation period Le. the
time period 1963:1 -- 1977:IV, and the second line the re-estimation carried out 1990
based on the time period 1973:1 -- 1988:IV.
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a)

Endogenous variables

Variable

Price
level
Export
price

Abbreviation

Differentiation

Data
source

Mean
value

Standard
deviation

p

2

SCB

6.79
8.64

3.07
2.93

exp

2

SCB

7.03
9.82
9.14

8.49
12.38
7.05

IFS

1

Hourly
earnings

w

2

SCB

12.19
10.80

5.31
4.71

Relative
rate of unemployment

u

1

SCB

0.01
-0.07

0.48
0.42

Gross
domestic
product

y

2

SCB

2.87
1.96

2.68
1.93

Private
consumption

pc

2

SCB

2.78
1.68

2.99
2.61

2

SCB

3.04
1.54

6.75
5.08

Business
investments
Real disposable
household
incomes

dy

2

SCB

3.02
2.12

3.35
4.51

Exports

ex

2

SCB

5.41
4.02

8.33
6.59

Imports

im

2

SCB

5.17

8.06

7.20

3.39

Current
balance

bal

1

NB*

-283.0
-230.6

Effective
demand

e

2

EMC

3.43
2.26

2.44
2.12

Public
sector
balance

Bud

2

EMC

1.85
0.24

5.34
4.15

b)

1170.0
3275.0

Exogenous variables (Instruments and purely exogenous)

Variable

Abbreviation

New
credits
Rate of
value
added tax

VAT

Differentiation

Data
source

Mean
value

2

NB'

10.47
3.42

5.21
14.41

1

EMC

0.74
0.25

1.69
1.05

2

EMC

0.70
-1.90

3.40
5.86

Standard
deviation

Rate of
foreign
exchange

vx

Dummy for
labour
subsidies

82

EMC

0.26

0.44
Not considered

Investment
support

inv

EMC

8.80

10.70
Not considered
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Taxes
tax
from households to
the public
sector

2

Transfers
from the
public
sector to
households

2

tr

SCB
FA
NA

15.45
17.11
12.89

3,4

SCB

16.76
14.59

2

7.36
33.38
6.29

6.20
5.54

Interest
rate

r

1

NB

0.32
0.20

0.47
1.56

Public
sector
demand

od

2

SCB

4.01
2.49

3.13
1.43

----------------------------------------------------Investments in
permanent
housing

h

2

SCB

0.22
-0.33

Structural
Str
Change in
the Business
Sector

1

Fief

Not considered
-0.01
0.70

World
price
index

wp

2

IMF

8.16
11.67

11.59
2.52

Production
in the

ip

2

OECD

3.66
2.79

4.83
4.94

3

This version of the series has been used in the final estimation.

4

Four quarter snl00thed series.

7.41
3.82
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OECD-region
Volume of
world
trade

wt

2

IMF

9.60
2.01

6.56
13.42

Kinds of differentiation
1.

Four quarter absolute difference Xt

2.

Four quarter relative percentage difference 100 (Xt

-

Xt -4 "
-

X t-4)!Xt-4.

In the following, when the variable names are used, the transformed versions are referred
to.

Data Sources
NB

Swedish National Bank

SCB

National Central Bureau of Statistics

OECD

Organization of Economic Cooperation and Development, main economic
indicators

IMF

International Monetary Fund, International Financial Statistics

EMC

Generated within the project

Fief

Bjorn Granberg, The time pattern of the Inter-Industry structural
adjustment in small open economies. The Nordic Countries. Fief working
paper, 1991.

*

Quarterly data for the period 1963:1 - 1968:4 have been estimated using a
seasonal adjustment method and working material obtained from the
National Bank

FA

Financial Accounts from SCB

NA

National Accounts from SCB.
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4.2

Empiriallay Estimated Models

In the following, the final model estimated on data for 1963:I--1977:IV is given in the first
relation for each equation. The second relation refers to the current re-estinlation based
on the period 1973:1 -- 1988:IV.
The model system is estimated with the two stage least squares (2SLS) technique.
For the relations including lagged dependent variable the Durbin H-statistic is calculated,
while the ordinary Durbin-Watson statistic is reported for the remaining relations. In
addition, the Box-Ljung Q statistic is presented to give a further indication of the level
of auto-correlation.
Standard errors of estimates are given within parentheses. R 2 stands for the
ordinary regression. coefficient.

a) Behavioral Equations
1. Rate of Inflation
0.803 Pt-l + 0.119 e t-1 + 0.088 wt-1
(0.098)
(0.091)
(0.045)

Pt

-

0.093 vxt +
(0.057)

+ 0.286 VATt + 0.037 WPt - 0.441
(0.129)

Pt

(0.019)

(0.730)

R2

= 0.84

=

0.625 Pt-l + 0.028 wt-1 + 0.005
(0.106)
(0~050)
(0.038)

Durbin H' = 0.45 '

VXt

Q(11)

= 19.3

Q(II)

= 44.7

+

+ 0.261 VATt + 0.282 WPt-l - 0.367
(0.212)

R2

(0.104)

= 0.73

(0.950)

Durbin H

= 0.12

2. Export Price Change
expt

=

0.665 expt-l + 0.144 wt-1 + 0.261 iPt + 0.239 WPt (0.106)
(0.091)
(0.104)
(0.068)

- 2.41
(1.30)
R2

= 0.89

Durbin H

= 3.09

Q(11)

=

4.03
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= 0.736 expt-l + 0.251 w t-1 + 0.394 ipt-l + 3.566 WPt -

expt

(0.071)
- 3.541 WPt-l
(0.866)
R2

(0.189)
-

= 0.81

0.528 vxt
(0.136)

(0.188)

(0.868)

3.012
(4.731)

-

Durbin H

3.72

=

0(11) = 26.0

3. Change in Hourly Earnings
Wt

=

0.614 w t -1 + 0.341 Pt-l - 1.796
(0.106)
(0.179)
(1.009)

R 2 = 0.64

Wt

=

R2

Durbin H

0.719 w t -1 + 0.421 Pt-l
(0.074)
(0.138)

= 0.76

-

(1.26)

= 3.62

2.613 u t
(0.943)

Durbin H

+ 2.53

ut

-

0(11) = 26.4

0.791
(1.106)

= -0.62

0(11)

=

28.9

0(11)

=

18.7

0(11)

=

36.7

0(11)

=

5.4

4. Change in the Relative Rate of Unemployment
ut

Ut

=

0.668
(0.093)

R2

= 0.60

=

u t -1 -

0.048 Yt-l
(0.019)

0.156 S2t + 0.196
(0.106)
(0.085)

Durbin H

0.791 u t -1 - 0.046 e t
(0.066)
(0.013)

R 2 = 0.75

-

= -1.50

+ 0.088
(0.040)

Durbin H

= -1.75

5. Change in Gross Domestic Product
Yt

=

0.185 Yt-l + 0.854 e t - . 0.620
(0.149)
(0.221) (0.610)

R 2 = 0.52

Durbin H = -2.52
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0.299 Yt-1 + 0.509 e t + 0.207
(0.092)
(0.086)
(0.277)

Yt

R2

= 0.52

Durbin H

= 0.00

0(11)

= 25.5

6. Change in Private Consumption
PCt = 0.117 dYt + 0.408 dYt-1 - 0.337 Pt + 0.102 It + 2.38
(0.147)
(0.107)
(0.108)
(0.064) (1.18)
R2

PCt

= 0.44

D/W Value = 2.12

0(12)

=

21.9

=

0.273 pCt-1 + 0.234 dYt + 0.122 dYt-1 - 0.259 Pt + 2.753
(0.107)
(0.084)
(0.067)
(0.096)
(0.981)

R2

= 0.54

Durbin H

= -0.54

0(11)

=

28.4

0(11)

=

11.5

0(11)

= 26.9

7. Change in Business Investments
it = 0.369 it-1 + 0.824 e t + 0.372 w t + 0.060 invt_2
(0.123)
(0.499)
(0.165)
(0.086)

-

- 2.31 r t -2 - 5.34
(2.02)
(3.03)
R2

it

=

= 0.37

Durbin H = 1.80

0.502 i t-1 + 1.039 e t + 0.055 It-1 + 1.317 8trt (0.095)
(0.253)
(0.112)
(0.664)

- 0.380 r t -1 - 1.655
(0.999)
(0.817)
R2

= 0.53

Durbin H

= -1.81

8. Change in Real Disposable Income for Households
dYt

=

0.296 w t - 0.357 Pt + 0.332 Yt + 0.296 trt (0.073)
(0.263)
(0.315)
(0.073)

- 0.143 taxt _1
(0.062)
R2

= 0.48

-

1.90
(2.02)
D/W value

= 1.53

0(12)

= 12.1
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dYt

=

0.419 w t - 0.833 Pt + 0.231 trt - 0.129 taxt_1 + 2.913
(0.127)
(0.157)
(0.105)
(0.074)
(1.388)

R2

= 0.45

D/W value

= 2.30

0(11)

= 18.8

9. Change in Export Volume
eXt = -0.876 expt - 0.521 vxt
(0.208)
(0.284)

+ 0.073 wtt + 0.761 iPt +
(0.033)

(0.222)

+ 0.559 WPt-l + 4.45
(0.164)
R2

(1.62)

= 0.45

D/W Value = 2.25

eXt = -0.212 expt
(0.137)

0(12)

= 24.0

+ 0.288 eXpt_l - 0.622 vxt + 0.160 wtt + 0.671 iPt (0.108)

(0.157)

(0.091)

(0.150)

- 0.412 WPt + 4.684
(0.323)
(3.622)
R2

= 0.56

D/W Value = 1.97

0(11)

= 20.9

10. Change in Import Volume
imt

= 0.249 imt_1 + 1.194 e t + 0.987 e t-1 + 0.246 expt +
(0.123)

+ 0.345 vxt

(0.364)

-

(0.251)
R2

imt

=

(0.097)

5.74
(1.83)

= 0.52

Durbin H = -0.45

0(12) = 10.5

0.267 imt_1 + 1.537 e t + 0.332 e t-1 + 0.070 expt +
(0.119)
(0.322)
(0.370)
(0.056)

+ 0.129 vxt
(0.123)
R2

(0.409)

= 0.58

-

2.199
(1.148)
Durbin H = -0.19

0(11)

= 47.2
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11. Change in Current Balance
baIt

=

0.273 balt_1 + 58.64 eXt - 46.34 imt - 81.33 vxt (0.101)
(14.84)
(15.07)
(36.56)

- 26.76 WPt + 4.14
(9.98)
(165.6)
R2

= 0.60

Durbin H = 0.48

Q(ll) = 26.5

baIt = 0.208 balt_1 + 245.9 eXt - 266.4 imt + 251.4 vxt (0.107)
(72.10)
(69.21)
(106.92)
- 128.5 vxt-1
(107.63)
R2

= 0.39

-

92.64 WPt + 1035.72
(140.18)
(1729.5)
Durbin H = 1.78

Q(ll)

b) Dynamic identities
12. Change in Effective Demand
et

= 0.456 pCt +

0.221 odt + 0.089 it + 0.051 h t + 0.183ext

e t = 0.418 pCt + 0.212 odt + 0.054 it + 0.086 "ht + 0.231ext

13. Change in the Public Sector Balance

= 24.4
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