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INTRODUCTION

AMD
ACKNOWLE DGEMENTS

The past several decades have shown a tremendous increase in
the flow of information originating in the private and +he
puklic sector. Enahled by the developrent of cermputers and
dat a~-storade cdevices, the gatherinc, processing, tabulaticen,
analysis, anc (often) puhlication of all kinds of cdata is
still growing at an undiminishing rate,

Within the macro~econonic sphere, the increasecd
participation by govemments in various capacities has
resulted in a grecater need for information in order to plan,
cuide, observe, and evaluate policies. BAs of now, however,
there appears to Je only a weak link between the coal of
data gathering and the intendecd us . Then the Eccnomic
Council of Canada (1971) cuotes Rivlin (1271) :

"In the TUnited States, for example, it has bheen statec:
One can now literally punch a hutten and finga out how
many of the poor, bv any appropriate definition, are
black, or aged, or have six children or work full-tire
or live in cities. This does nct solve the prcohlem of
poverty, but it certainly helps in estabhlishing what and
where the problem is.",

such button-punching is justifiable only if there is an
intention to do sorething about the problem of povertyv. The
deve lopment of Coal Output Indicators and of Geal
Distribution Indicators, as suagested in the sare E,C.C,
publication, is a great step in the richt direction tcwards
a more adequate description of the performance of ocur

social-econcmic systen. But it seers that such a list of
statistics should be drawn up in the licht of its future
application, The efficiency of inforratien should bhe

ceasidered both from the cost ancd the henefit sices.

2lthough the last decade has seen armple vork on the role of
information as an input into decision-makine processes,
there is much left for further discussion, particularly at

he macro-econoric level., The enphasis in the literature is
still on the merely technical aspects of information
processes whereby the choice anc desion of the cptimal
system is being consicdered,




I's Gaffney (1965) writes, however, :

"Not anly is more information needed, rut more
information is needed concerning vwvhat information is
needed nmost, Shotqun support for research is not
enough. Interaction is needed between research in social
policy anc in technology. 'Get the facts' is a
misleading and artless slogan., Research needs to rale
sense of Inown facts, and direct the search for a feuw
key facts neecded to guide policy anéd to serve it, "

In other words, there is a need for a procedure to select
the types of information necessary to design and carry out
the intended programs,

The Dominion Bureau of Statistics, in its brief subritted to
the Senaté Special Cormittee on Science Policy, wrote:

"The process is not necessarily rencerecd easier ry the
fact that, in almost all cases brought to MBS attention,
benefits appear to exceed costs bv a comfortahle margin,
The difficulty is, of course, that there is not enouch
resources to do all the goed things, and the problem is

one of ranking, in order to make the best choices out of
many good choices." '

The goal of the present study is to develop some concepts
which may be used in the reasurement of information
efficiency. Its scope is expleratory rather than problem
solving., The material presented is directed at researchers
in the fields ¢f natural resource managemnent, macro-economic
pclicy-making, and statistical-projects desion,
Nontechnicality has been considered a virtue; academic
rigour had sometimes to be sacrificed in favour of
readability, Some technical comméents have heen placec¢ in
foothotes (indicated with square bhrackets) anéd printed
ccllectively at the end of the study on pp. 93-105.

In Chapter 1, we will indicate the ragnitude of data use in
the modem society in general, and governmental policy
agencies in particular. Subsecuently, some problerms of

measurerent and application are mentioned, The notion of
infermation efficiency is developecd further on the hasis of
its cost and benefit aspects. It is beinc arqued that

evaluation of information efficiency, however uncertain and
complicated, best be performed within the context of a
formal decision model for the policy problem, the solution
of vhich requires the gathering of some specific data.
Chapter 2 is devoted to some statistical concepts related
implicitly to the problem under studv. The remaincder of the



Paper 1is concemed with various mocdels of decision-making
- and their needs for information. In particular, we will
attempt to show the strenoths and weaknesses of some of
these models fram an information-efficiency viewpoint.

We have worked our way through a great cdeal of literature,
although little appeared relevant for our purpose. Some of
the latter is reflected in occasicnally lengthy quotations
in the paper. It is our sincere belief that quoting the
masters 1is preferabple to paraphrasing them, References are
indicated with the author's name and the year of
publication; an alphabetical bibliography can he fowmd on

PP. 106-120.

The body of the research was done in Ottawa and Winnipea
during the surmmer of 1972,  The manuscript was completed in
March 1973,

The study was sponsored by the Environmental Management
Service, Environment Canada. The ideas developed herein are
our responsibility, They are not necessarily a reflection
of the Pepartment's opinion in these natters,

Several acknowledgements are in order., First, and foremost,
we should like to thank Mr. John P. H. Battele, Head, Social
Sciences Research, for making material and personnel help
available to carry out this study, in particnlar, the
literature survey. Moreover, without his stimulating
thoughts, we would not have been able to attack the issues
involved, Purther thanks are due to Mr, Bruce Kendall (PhD,
student at the University of British Columhia) who helped
with the study, both in Ottawa and in Winnipeqg. oOur
colleague anc friend, Barbara Spencer, provicded us with much
thought ful guidance and criticism, Chapter 3 benefitted
from discussion with colleagues R, Sirkin and I. Lipnowski,
Much of the material work was done Ly Gayle Grace, well
beyond the call of duty. All errors left are truly ours.
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CHAPTEP 1

THE PROBIE! AND ITS DIMEMSIONS

1.1 Introductiocn

The infomation revolution is here. Large sums of money are
nowadays spent by govemments ang business for the salke of
cathering, processing, tabulating, analyzing, and conveyino
huge bodies of data of various natures. Numerous articles
have been written on the technical problems involved.
Similarly, the use of certain data to solve specific

-questions is  adequately documented, with cue consiceraticn
- being given tc'the proper search method to obtain this

information.

Little attention  has been given to the notion of
'in formation efficiency' from an economic (rather than
technical) viewpoint, The questions 'how to make' and
'where to apply' may be dealt with separately. They are,
however, closely connected because of the very fact that
'making' is done for the sake of 'applying'. 1In this paper,

we will attempt to show some of the concepts involved in

this connection. They are the tools required to attack the
rather oonplicated problem of 'how much information of what
cuality is needed to solve a specific problem or a whole set
of problems?!

"The preliminary analysis has revealed lack of literatiire on
the subject", wrote Simari in 1967, He reported on
discussions by an 0.C.S.E. Work Group which was set up for
the following purposes:

" a) to identify and establish within the systems of
information elerents and parareters which will
permit the estimaticn of costs and profits
(information efficiency). Such estimates are
necessary for making valid decisiens in the field
of scientific and technical information and the
organization thereof;

b) to develop uniform standards and rules, to allow
significant confrontations and comparisons Letween
the national information systers of different
countries;



c) finally to evaluate costs and profits, as well as
the ‘efficiency of the various procedures in
process, in consideration of their functional

elements and of the usefulness achieved,"

During the period elapsed since Simari repcrted on the
absence of literature, not too many developments have taken
place. Most publications are concemed with the techrnical
aspects anc the immediate applications of information. - We
will report on some interesting papers in the field of
'infomation efficiency' from both before and after 1967,
The scope of this study does not allow us to ao bevyond some
conceptual comments of an economic character.

1.2 The Growth of Information

Nobody will question the statement ‘that information and
Fnowledge are growing rapidly in our Society, This holds
not only for the stock accumulated over a number of vears
[1], but also for the amnual qrowth itself, Machlup (1962)
has c¢nlculated that in 1958, the measurable Unite@ States
knowledge business amounted to nearly 30% of the U.S, Gross
National Product, and Burck (1964) mentions a percentage of
43 for 1963, Although Machlup's definition of 'knowledae
industry' may well be questioned as far as some corponents
are concemmed, the figure is staggering, anyway.

Apart freom its productiwvwe and income-generacing aspects, the
'knowledge industry' catributes heavily +to our econchic
‘growth., Denison (1962) estinates that

"between 1929 and 1957, the rising education of the
labour force was responsible for 21% of the growth in
Feal HNational Income, and that the general 'advance in
knowlefge', which includes many factors but notably
research and development work and better menagement, was
responsible for another 19%." (Burck 196 4)

Tyas (1970) mentions the following items as major growth
canpeonents in  rapidly expanding economies 1like Italy,
Germany, and Japan:

1. entrepréneurship;

2, hard work and good organization;



3. technology and experience transfers;

4, closer links between academic and industrial
research; and

5. risk capital.
He proceeds:

"Al though new knowledge is not the only ingrecdient of
econormic growth by any means, it is an essential
ingredient. The transfer of techrology, experience,
information and data are very important 1links in +the
chain. These links today are in neeé of new methods and
ideas to give them added strength, new technolcqgy, new
equirment &ad young and agile minds to produce the
systems and services required,"

Later in his paper:

"Knovledaoe is basic to all of this. It is our greatest
resource -- the accumulated human experience in social
sciences, econorics, technolegy, and science, Results
of basic research must be available:

1. to aid in teaching;

2, to further mission-oriented research ;

o

3. to be interpreted into new technology; and

4, to aid our society economicallv, culturally,
and sccially,." [2]

In 1969, the Organization for Eoonoric Co=operation anc
Development (CECD) set up an ~d Hoc Group on Scientific andé
Technical Information. In its report (1971), the terms of
reference are given as:

" a) (to) explore the nature, maognitude and implications
of the need for scientific and technical
information and data in science, the economy, an¢
society, and how these neecs may. be met through
changes in the structures, technologies an¢@
policies and managemnent concepts in relation to
infomation; '

b) (to) present their conclusions and recormendations
for the developing role of scientific and technical
information and data systems and the policy and
program resources recuirec for them to £ill "~ this
role effectively in Merber countries."



We quote the summarizing 'margin corments':

Q "Information the key to man's future ... society nust
leam to use it effectively. Scientific and technical
information (STI) is only part of the information we
need, a means to an end. But what end? Society rust
decicde. The ability of scciety to use technelogy wisely
is at stake. Information policy is more than
technology, it is needed also for policy. OECD can give
important leadership. The inFformation revolution has
just begun, These are policy for STI, not propaganda!
Strategies for policy ... the challenge for ORCD, "

"An  STI policy is a part of science and other naticnal
policies. Such STI policies are now starting to evolve.
Much coordination is needed. Ministers recomrenced a
national 3TI policy (focus) with OECD as the
intemational focus. Other international bhodies also
prcnote cooperation. User groups include scientists,
engineers, policy makers, politicians, and the public,

The scientist creates and uses in formation. But
'information' does not always add to 'knowlecge';
evaluaticn review and analysis are neecec, often in
specialized 'analysis centres'. Informati-n services
are lagging in the life sciences. Industry needs

information too, not anly for R and D, but also for
design, production, and marketing., Decision maklers also
need a variety of infomation which may bhe difficult tc
identify and impossible to © finda. 'Management
information systems' already help, but need further
Cevelopnent. STI for the 'man-in=the-street' ... to
mderstand the consequences of change. "

"STI systems have arisen largely unplanned, but policy

guidelines are now needed. To irprove the means, we
must cdefine the ends. There are four primary goals:

1. To help use science wisely,

Rl

2. To strendgthen science and technology.

3. To enable wise choices by managerent and
govemment,

problems of 'priority'. Informed public
debate on policy issues - an essential factor
in dermocracy."

4. A better understanding of change brincs



"What st government do here? It should ensure
information availability, accessibility ... in a social
context ... evaluated and analyzed, funds to study user
needs and. to satisfy them, effective management, trained

information staff. A policy focus is needed in
government and the network must be naticnal in scope.
Knowledge is global ten the nations nust
intercommunicate. Specialists must khow subject matter,
as well as systems. Hew skills must be encouraged,

together with a sound career structure. Systens should
respond actively to their users. R and D is neeced on
how information is wused, on how to handle it more
effectively, and on how to use R and D information
better! Probably networks coe for economy ,
responsiveness and innovation. Balance between national
in- and inter- dependence rust be found in relation to
special national needs,"

There certainly is a need to indicate the conceptual
framework of STI policies, given the lack (or lag) of
implementation/application of such ideas in the formulation
of the proper policies. Indeed, the then chairman of the
Econonmic Council of Canada, Dr. Arthur Smith, told the
Senate Special Canmittee on Science Policy:

"WWe do not really have any good studies that I know of in
Canada dealing with the use of scientific and techrical
knowledge as it affects econonic activities."

This study confines itself to numerical inforrmation. It
seems that the preceding sobering thoughts may be applied to
this field as well,



1.3 What is Information?

It may strike the reader that, wntil now, we have refrained
from defining notims such as information, data, etc.
Han dovsky (1969) consicders defininag the concepts of
information and documentation as dangercus; it may "lead to
a Byzantine discussion about the sex of the angels." He
then proceeds with the following definitions:

"Documentation is ... stored knowledge with a dynanic
input and a static output.

Information (is) a flow of thoughts based on raw
naterial that must be treated, upgradeq, or, in one
word, managed,"

One of the foremost experts in the field of econonic
measurement, Oskar Morgenstem (1963) , describes
observations as deliberately designed and selected
information, whereas other data are merely cbtained
unplanned, le proceeds to point out that terms like
observation, data, statistics, evidence, etc, are to ke
described in a8 systematic relationship with each other,
(From his book, "On the Accuracy of Econonic Observations",
it becomes clear, however, that Gefinitions are not always
indispensable in order to have an intelligent discussion of
the isswe involved.) For general interest, we reproduce in
a footnote a relevant paragraph on this relationship, [3]

Likert (1960) talks about the necessity to distinguish
between information as to the nature of the system Gescriled
as opposed to the state of the system, The fommer refers to
both the conceptuaTizaticon and the quantification of the
System, whereas the latter reveals the quantitative aspects
of their system only. Likert suggests that, in a fast
changing society like ours, more erphasis should be placed
cn the gathering of information regarding the nature of the
system, The fact of the matter is that this society seems
to spend more e ffort on information about the state of the
sysktem, Often, it seems, the industrious collection of
state-data stands in the way of studying the nature in an
integral manner. [4]

Even thouch the goal of infomation gathering may not always
be very clear, it should not be forgotten that some goal
does exist. Infermation implies a nessage to a decision
maker and is, therefore, more than just a set of data.
(Dickson 19638)

Gathering and tabulation of data must, therefore, be
followed by analysis and conclusions for the sake of
decisims (compare Stone and Beyer 1970) .
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1. 4 The Quality of Information

Nuite a few economists and statisticians have drawn
attention tec the problem of quality of social-economic data.
Wallis (1966) suggests

"that (the American) econoric policies in the 1950's were
misguided by statistics which were properly enough
interpreted, had they been accurate, bhut were not
sufficiently accurate; and +that ... policies in the
1960's are being misquided by statistics that are
accurate enough, but that are being misinterpreted,"

Quite properly, Wallis indicates the importance, for the

- sake of peolicy application, of these errors of neasurement

or interpretation., ‘The loss of econonic welfare hecause of
these errors may indeed be substantial.

U.S. Senator Proxmire transmitted a report on govemrent
price statistics with the followinhg comments:

"o there is widespread recognition that  our price
information is not adequate for the burden of public ancd
private policy formulation that it must carry. Better
price statistics are urgently callecd for, since they are
necessary in making decisions affecting billions of
dollars in output, but more importantly -- the well
being of the American people ..." (see Stephen 1967) .

And, at the 1966 meetings of the American Economic
Association, Leijonhufvud stated that "Keynesian
unerployrent mnay be mostly due to lack of information"
(Marschak 1968) .

Moroenstern (1963) attempts to provide us with some
consolation, recalling that, in nuclear physics, some
measurerents are (or were?) made with only a 50% accuracy.
If economists can work with data that are subject to a 10%
error margin, they may not be in all that bad a position, he
suggests, With all respect for Morgenstem, we must say
that such a comparison is not quite valid, The vardstick of
observational quality in economics is mlated to the welfare
(or lack of such feature) of real individuals, rather than
of some material substance. If ever, fine-tuning is
recuired here, [5]

Morgenstem distincuishes between three principal tvpes of
error in the statistics of Naticnal Income, to give just one
example of economic data. Sone might be "introcduced in the
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basic data of productionh or expenditure for the separate
industries and other economic activities”. Others "result
from the effort to f£it the available statistics to the
conceptual framework of the agqrecate". "In some cases, the
existing data are not collected in a form directly suitable
for use in estimating gross national product or one of its:
canponent items,"

Juster (1970) says in this context:

"Since an information system 1is general purpose by
definition, the data are unlikely to be optimal for any
specific analytical use and will generally have to be
modified or adjusted to fit requirerents.,"

Morcenstern also mentions the case where data "become
available from gcvemment agencies as a by-product of their
administrative functions", which suggests "a very strong
reason to suspect the quality of data obtained in this
manner" . Finally, wherever data are not available, ahother
type of error is introduced when an attempt is made to fill
the data gaps fer industries and years where estimates are
not known , by means of interpolation, extrapolation, use of
imputed weights, inserted trends, blewing up methods, etc.

To give us some indication of the empirical importance of
error margins, lMorgenstem points to the cutstanding work
dene by Xuzets (1941), The latter distinguishes three
oroups of industries; classification criterion is the
percentage error margin probably inherent in the estimate of
their ocutput value., Well below 15 per cent appeared to he
the basic manufacturing industry error judged to he Present
in their estimate. Well below 15 per cent appeared to be
the basic manufacturing industry and public utilities; error
rargins of about 15 per cent, but well below 30 per cent,
vere found in agriculture, mining, manufactured gas,
pipelines, trade, banking, insurance, and government; and,
finally, some industries had error margin of 30 per cent or
hicher, such as canstruction, water transportation, real
estate, and direct service industries. Making sore more
adjustments in these data, Kutznets suggests that an average
margin of error for national income estimates of about 10
per cent would be reasonable. ‘

The implication of this staterent is that, depending on the
particular nature of the error, the results of many econamic
analyses could become irrelevant, wrong, and misleading

rather than aiding. The costs for society ooulé then be
impressive indeed. ~
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There is another aspect which we should not neglect to
mention. Data to be used for policy decisions should be
available at &n appropriate point of time. Most modem
econanies are characterized by extensive government
influence. This may consist of volwntary or compulsory
guidelines for the private sector and/cr  governmént-
spenscred  predictions of econoniic conditions; these
forecasts will have some bearinc on subsequent decisions to
be made by business, households, and the various levels of
government (See also Section 1.6).

It seems reascnable to expect that the necessary data will
become available as quickly as possible. A fommer Prire
Minister of Great Britain, Mr, McMillan, said in this
context:

".+. too many of our tahles are tco late to be as useful
as they might be. We are always, as it were, locking a
train in last year's Bradshaw." (Fessey 1969).

The speed at which new data become available appears to be a
rajor problem., [6] Moreover, already published data need to
be updated, particularly in dvnamic models where the
variables exercise their influence over a number of periods.
Pepeatad observation of historical figures plavs an

important role in environrmental models.

There is, of course, a trade-off between speed and quelitvy,
An early estimate of some macro-ececncnic vyearly figure can
be expected to be farther from the true value than a later
reasurement, Stekler (1970) concludes frem his
investigations in this area that

"the accuracy of the statistics is inversely related to
the speed with which the data are reported, If the
errors are measured by the difference between the early
and final figures, there is little trade-off hetween the
reporting speed and the turning point errors that are
indicated, The size of the error, however, was
inversely related to the repcrting promptness.”

For the interested reader, we reproduce in a fcotnote some
results in the field of data revision from Zellner (1958; 16
U.S. quarterly series, 1947-1955) ; Stekler (1967; 12 u.s.
guarterly series, 1947-~1964) ; Stekler (1970; 5 uU.s. ronthly
series, 1957-1965) ; Glejser ancd Dramais (n.y., G.N.P.
figures for 42 countries, 1956-1964); anc Denton & Oksanen
(1972; 6 series for 21 countries, 1955-1964; the 2 sets of
cata are used to estimate natichal econometric models —- see
also Chapter 6 of this paper) . Theil (1965) analyzes a data
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set ccnsisting oflftwo successive forecasts, +two interim
estimates, and three measurements afterwards of 20 variables
in the Wetherlands' economy, 19531962, [7]

1.5 Confidentiality and Aggregation

A very important aspect of data collection and publication
is the necessity to treat certain materials as confidential,
Indeed, many economists and other social scientists have
been frustrated in their research attempts because  of non-
availability of gathered data for reasons of security and

- privacy. In tlie United States, the Ruagles (1966) and the

Kaysen (1967) Committees have dealt with this problem. Rules
exist in some countries to aid researchers having run into
the cifficulty of unavailability of gathered data, - They may
carry on with their project through governmental statistical
agencies which will perform the desired calculations without
revealing the underlying raw data. On the Canadiah scene,
some aggregation levels of the (procduct of 2 rectangular
matrices, forming the square) Canadian input-ou*put table
can reveal information about market shares of certain
corporédtions, which is in conflict with the prctection agiven
by the Statistics Act. [8]

In such a case, the research micht be carried out with the
help of the computer services of Statistics Canacda. 2nother
example we suggest is investigation of consumer bhehaviour
with the help of micro data collected from indivicdual
families, [9] Generally, there is an econonic advantage in
having statistical analyses performed at the researcher's
recuest by the statistical agency which has gathered and
sterecd the relevant data; much unnecessary work may thus be
avoided,

When micro data are not available to the investigator, he is
forced to use variocus types of aggregations. The probler of
admissability of aggregation of micro-econonic relationships
inte macro-economic cnes is dealt with extensivelyvy in the
literature. For the mament, we shoulé like to mention the
empirical work done by Orcutt, et. al. (1968), who showed
that the degree of aqgregation infTuences the efficiency of
conventional estimation technigues. fThe main conclusicn of
his paper is that "use of less agagregated data than the
national accowmts data presently relied o woulé make
possible:



1. the virtual elimination of small sample biases,

2. enormous irproverents in the precision of estimates
of parameters in macro-economic models, and

3. greatly imoroved possibilities of detecting
misspecifications and of correctly choosing between
altemative fomulations."

If aggregation of mnicrec data 1leads indeed to inferior
results in applications, then economists should attempt to
avoid this procedure as much as possible., Note that larce
segnents of macro-economic data do require measurement at
the micro level. Additicnal cost would probably be minimal
in such cases., Juster (1970), desnite his comment about
‘inappropriateness of some rmeasurerents in relation to the
various applications to which these data micht he put,
sucgests that far more coordination in the measurement of
social-economic features is quite possible, resulting in
importaent economies of scale:

"Using households to illustrate the possibilities, there
~are few important problers in econemic research that o
not require precise measurement of a common set of
variables over an extended period of . time,
Investigation of the demand for consumpt ion, the demand
for money, the response to price changes, the retums to
education, the allocation of time in nonmarket
activities, the formation of expectations; the demand
for household capital goods, and the determinants of
marriage and birth rates -- all require collection of a
large common set of variables plus a smaller collecticn
of variahles specifically oriente@ to each probler.
Thus, a sincle sample could be used tc examine a wice
range of research problems by adding a moCarate
collection of additional information."

There is, however, the great danger of dJecreasing
drastically the already battered remmants of indivicdual
privacy. The guwestion is whether this price is not too high
compared with the cain of better quantification of economic
insight (see also the next section).



1.6 On Economic Forecasting

There are various reasons why govemrents incdulge in
ecocnomic forecasting, The simplest argqument micht bhe to
inforta the public of what may happen in the near or distont
future., Only a well infermed public is ahle +o mare
intelligent decisions regarding their private lives and the
cormunity's needs.

A secondéd reason is related +to the sheer size of the
government sector within the econcmy. Unless a governrent
is completely  irresponsible, it will take intc accownt the
impact of its own actions on the economy at large; this
recuires some forecast of what the private sector is
expected to do within the policy concerned. Eckler (1970)
refers to the fear some people have for this kind of
govemment involvement:

" ... there are some people, including legislators, who
.s» want less intervention bv government ..., &nd fear
that statistical data may provide the hasis for more
social and economic legislation."

We have here on excellent example of the potential feedback
of informaticn into the decision process.

A third argurment in favour of forecasting of economic data
exists whenever the govemment plans its policies so as to
achieve certain desirable goals; e.q., full employrent,
maximum ecohomic growth, equilibrium in the balance of
payments, etc, A prerecuisite for an adecuate estimate of
magnitudes of policy measures is some 'foreknowledge' of
what will happen under the various possibilities of
govemnent programs,

Tintner (1968) recalls the opinion that

"predictions in eccnonics are impossible by principle
since these very predictions, if they are believed by
the acting economic subjects, will falsify the eriginal
predictions",

He refutes this arqument by quoting from Grunberg and
Modigliani (1954):

"It has been shown that, provided that correct private
prediction is possible, correct public precdiction is
also conceptually possible, Two possibilities may be
distinguished '



1. The public prediction does nct affect the course of
events because the agents are incdifferent to or
incapable of reacting to the public prediction. 1In
this case, correct public prediction coincides with
correct private prediction,

2, Acgents react to public prediction, and their
reacticn alters the ocourse of events. The reaction
can conceptually be known and taken intc account.
It has been shown that boundecness of the variables
of the predictive system and the continuity over
the relevant interval of the functions relating the
variables to each other are sﬁfficient, though not
necessary conditions for the existence of correct
public predictions., These conditichs were found to
be normally fulfilled in the world ahout which
predictive staterents are to he made. The argument
of this paper establishes the falsity of the
proposition that the agents' reaction to public
prediction necessarily falsifies all such

- predictions and that, therefore, social scientists
may never hope to predict hoth publicly and
correctly. But it demonstrates ho morc¢ +han that
correct public prediction is possible if the
possibility of correct privaete predic¢tion is
accepted, About the pcssibility of private
prediction, it has nothing te say. So, in the eng,
the major difficulties of prediction in the dJomain
of social prediction tum out to be those of
private prediction."

Covemmenit use of predictions to set its cwn policies may
now have a dual effect:-- direct influence through the
pProgram itself, ané¢ an indirect one because of the
information content of such policies. To give a simple
exXample:=<- If the government predicts the ceveloprent of the
national economy under 'normal' fiscal conditiens, it may
find an wacceptable level of unemployrent, It will
prcbably decide on a shift in economic policies in order to
alleviate the problern; e.q., through a decrease in taxation
and an increase in govemrent expenditures. These reasures
will have a direct effect through the natimal-incone
multiplier. The prediction of a (minor) depression, will
have an unfavourable information effect on the econony, as
we saw in the previous paragraph. ‘There will be a positive
in format ion cifect of the verv announcement of the
governnent's counteracting policies. In extrere cases, the
direct effect of the policy can bhe rminimal; the message
relayed may yet be very informative, An example is the
'bank rate' or 'discount rate' policy of the central bank.



Strictly spoken, there is no strict neecd for charterad bhanls
to raise their lending rates with an increase in the Lkanl
rate. The desired result wvill take place sirmply because the
banks andé the public khow that such action is what the
covemment (cr Bank of Canada) wants.

There 1is no reason +to believe that the pradictién method
could not take into accommt the information effects of
forecast and associated policies, similar to the
incormpcration of the impact of the substance of the nolicy
reasure (like the multiplier effect).

Finally, a fourth arqument for economic forecasting is the
neec for very detailed information in planned economies., We
should distinguish between the cases of compulsory and
indicative planning, In the foimer case, the (najor)
producers are prescribec what and hew much to male and to
celiver to other canpanies and stores, It is ohvious that
this process requires large nurbers of calculatioens,
predictions, and feasability checks. Input-output tables
with millions of commodities would be necessary, recuiring
vast amounts of information and alrost insurmountahle
computing problems, The cost of these activities is
enormous; witness the fact that no country in the world
actual.y runs its econonly  this way. Output planning in
Comunist ccuntries is done in ruch éatail for major
industries only. Cuidelines becone weaker in substance and
sophistication for less and less important preducers. It
would be interesting to perform an alalysis of information
efficiency within this context.

Indicative planning takes place whenever the governrment
publishes a medium or lona-term forecast with the explicit
goal that it serve as information tool for decisions made
within the private secctor. This type of planning-through-
Predictich has keccme increasingly irportant in most Western
countries during the past fey decades, with varving ermphasis
on either elenent. As Leser (1969) saic in his Inaugural
Lecture at Leeds:

"The distinction betvveen a plan ané a forecast is not,
however, as strict as rmicht be inacgined, A national
plan may stipulate an over-all grovth rate and estimate
the expansion rates in various incdustrial sectors which
are consistent with the rate of nrogress in the econony
€5 a vhole. If the general picture, together with the
cemand conditions which result from it, is accepted as
reasonahle Ly the leading incustrialists, then they may
base their decision on the plan, thus helping actively
with its realization. It is said that the TFrench



Hatienal Plen, in this manner, acted as a forecast and
tended to bring about and maintain a stable arowth rate
for a substantial 1length of tire. OFf course, if the
plan is not taken seriously, then, conversely, there is
little chance of its realization."

As we saw with Tintner befora, the feechad: -micgkt re
incorporated into the forecasting/planning mathod.

This is not the proper place to discuss the quality cf
economic predictions actually made over the past several
decades. The reader may he referred to Theil (1961, 1%¢6s6,
1667) for mcthedological consicerations in the analysis cf
forecast accuracy, and of numerous epplications. The
findings of the Central Planning Bureau of the Netherlancds
(established shortly after the Secené World 7ar and one of
the first forecasting agencies usina sophisticated
ecanornetric models) for the period 1953-1963 sear to he
quite general (see C,P.B. 1965 ané also Vercoorn 1967) :

-~ Cchances are generallvy umnderestimated:
ht . 4

- this property is largely caused by underestimation
of chances in exogenous variables;

= the signs of chanaes are generallv precicted nrcperly;

a.

- the predictive quality is different for the various
variebles involved;

= the predictive quality of the final version of the
Central Economic Plans is better than that of earlier
versions;

= the revisions made in successive versions 6f these
Plans are generally small.

We  will close this secticn vith a methodolecical
cbservation. Forecasts serve a purpose and their gualitv
should ke judged in the licht of applications. And, even
then, conclusions are not easy to reach. As the ORCH rencrt
(1965) states:

"There is no decubt that it is difficult to forecast
accurately, TIn all the countries, one could point tc
forecasts which proved to he hadly wrena, 2 simple
corparison of forccast with outcere is bv no means a
fully satisfactory test of a forecast's adecunacvy, But,
even on the more pragmatic test of '@ig the forecast
help the policy maker?', it would bhe easy to finc



examples of forecasts which have positively misled
poliéy. However, the impeortant cuestion is not whether
forecasts are always richt, or even whether they are
right more often than they are wrong, but vhether there
is a bhetter altemative to framing economic policy on
the basis of cuantitative national incére forecasts.”

There will always be a need to improve vredicticns because
perfecticn cannot be reached. Such improvéments will tale
place in the fields of data collection ané revision,
estimation of the present structure of the ecohomyv, andé
prediction of (changes in) parameters and exocenous
variables. We should repeat, however, that there is no rule
of thurmb to decide where our efforts should bhe focussed
first and most stronglv. Such a decision recuires an
evaluaticn of the 'welfare gains' of better forecasts and
subsecquent pclicy actions.

1.7 Informatien Efficiency

Information is a means rather than an end in ditself,
Yhether by a consumer or by a producer, Jnowledge is heina
used to achieve a certain gcal. The justification for data
gatherinc activities must be derived from the purpose.

The ‘'purest' use exists within the consumers' narket when
knowledge and understanding are acquired for the sake of
simple pleasure; information is then a consunpticn geod like
any other canmodity or service. Its derand will be
determined bv reans of meximization of the consurer's
pPreference function, subject to certain constraints.

In most cases, however, the satisfaction or usefulness
cderived from information is cenerated wvia a rouwnd-ahout
precedure, Cathering data enchles the decision-rmaker to
acquire increased insicht into the phenorenon under study,
its potential and limitations, Information, therefore,
takes ¢h the rcle of an input into a decision-naling
pPrecess, Its efficiencv nust be masured hy its
contributicn to the evaluated outcome (financial, moral,
social) of the cheiece process under investigation. 2s
Morgenstem (1963) writes:

"The wuscfulness of econoric data, therefore, cannoct he
caugec vithout relating them to the uses (theorers) to
which they are to be fitted," :



Pathbreaking work in this field was dene by Stiqgler (1961)
who investigates the role of information in the market
behaviour of the individual. "Price dispersien is a
ranifestation - end, indeed, is the measure - of igrorance
in the marlet" he writes, and proceeds to give some insight
as to how the consumer and producer micht atterpt to reduce
this ignorance. A buyer or seller will search for a lower
offer cr hicher bid, respectively, up tc the point where the
expected gain of more search will fall below the additional
cost (includinc the potential loss because of the
disappearance of previous quotaticns). The frequency
distribution of prices may take different forms and Stigler
derives optimal search rules for each case, Sore
conclusions are:

"1. The larger the fracticn of the buyer's exnenditures
on the commodity, the greater the Ssavings from
search, and hence, the greater the amount of
search.

2. The larger the fraction of repetitive (experienced)

buyers in the market, the greater the effective

~amount of search (with positive oorrelation of
successive prices).

3. The larger the fraction of repetitive sellers, the
higher the correlation between successive prices,
and hence, by condition (2), the larger the amount
of accumulated search.

4, "The cost of search will re large.;, the larger the
geographical size of the market,"

The above mentioned iceas expressec by Stigler should
provide us with some framework in which the brohlem of
information aecquisition can be developed. There is no

reason to restrict this approach to the market for
canmodities and services, [10]

Like all inputs inte the production or consumpticn process,
infermation has the aspects of accquisition, prccessing, andé
use/sale., The fomer two itens are conceinecd nainly with
matters of costs and techniques, The latter (fual) item is
related to the desire/need for informaticn. Evaluation of
all these features is necessary in order to core’ to a
reanincful decision rule (like the ces deriwved hy Stigler
== see above), We svagest that the econoénic aspects of cost
of and demand for information have been arossly nedlected,
whereas the technical aspects have heen aiven orime
treatment in rost of the literature. 2An excuse for this




default may not anly be found 4in peculiar measurement
proklems bhut also in the special nature of infomation as a
cormedity. Unlike other inputs into productive andé
consuptive activities, data are not being destroyed, partly
or wholly, durineg their use.

We should like to make two observations with respect to the

cost side. Infomation syvstems are heavily capital-
intensive, Once this basic investment has been nafe, the

system can be used in various wavs to carry out different
types of operations in a wide field of analysis and
reporting. It appears that the capital costs are well
estimable. The variable costs related to specific projects
ray vary from near zero to rather large sums. We have not
discovered generally apolicable methods to develop a cost
measurerent base for specific input requirerents. But ad-
hoc proccedures mav well bhe rore appropriate in this
instance. The deliverv side of the procuction svsten can
cperate fairly cheaply. T™is implies that marcinal cost
pricing may not cover total costs (Holt 1970) ; this suggests
that public ownership nay well be desirable: Such a systen
would also overcome the problenm re property riaghts which are
cdifficult to protect when it comes to inforrmation (which is
easily revealed hy its verv use; see Arrow 1962, Demsctz
1969).

A secend  comment has to do with the tvpe of costs, rather
than the cost reasurement itself, & Juster (1970) writes:

"In -a similar vein, sponsors of micro data collecticns
are seldom preparec to compensate hehavicural mits for
the time and ennovance involved in the Observation. 1In
the behavioural sciences, after all, it is not possible
to neasure relevent behaviour without the cooperaticn

and assistance of the unit being observed. But the
measursment  process inevitably involves at least the
cost of time and, for scéme units, annovance as well. A

straight forward agreerment with sample respondents to
trade accuracy and consistency in the set of variahles
being measwed against compensation for the tire and
inconvenience involved, micht well he a more efficient
pProcecdure than the current practice of appealing to the
social conscience of respondents to ohtain ohservations
whose accuracy is uncdermined by an wmwillindness to

xmine intemal consistency bhecause of itg nossibhle
effect on the refusal rate."

Similar problems are well known to eXecutives and people in
leadinc peositicons in fairlv large craanizations, who have to
decide on the optimal level oFf administration and feedhadl
via c¢westionnaires, timetables, etc.



The demand side opresents nanv problems, too. In his
cutstanding article, "Statisticions and Shoemalers" ("whre is
worse shecd than the sheermaker's wife?"), Eckler (1970) says:

"There are &a nuber of reascns for failure thus far to
cquantify the value of uses or the extent of need for
statistical data. First of all, the identification and
listing of users are nct easv tasks. The difficvlty of
tracing end use is accehtuated hv the fact that nary
elements of economic and sccial statistics are talen
intc the public dcmain through re-puklication, so the#t
it is difficult to trace all the uses that are macde of a
particular hody of statistical information. Fver when
the use can be traced and clearlv identified, it is

Cifficult te detemine Just how mich bearinc a
particular item of infermation had upen an  incividual
Cecisiocn. 2 further corplicatien arises becouse of the

pessibility that one figure nav serve as a proxy for
ancther sc that the importance of either one is
¢ifficult to assess,"

In cther words, not only nay we be unable to reasurs

rarginal henefit of an additicnallyvy mace onservaticn,
altemative uses nay well irply that these bene fits are
different if consicered over a range of rossible

aprlicatiens, pessibly spread out over a large nwmhrer cf
veers, Indead, ocnce-accunulated informaticon can be steored
at very low cost and made available for re-use without
limits over an indefinite pericd. File-merging is hu: cne
reflection of this possibilitv, apart frem its usefiilness as
a creoss-checking device. This centinuous availakility of

Gata with many potential applicaticns unknovm in nurher,

use, anc¢ tire-cdistance, mnakes marginal cost pricinc
impossible. MAgain, pulic covnership séems a locical
implicatiecen.

Pees (1963) pecints te ancther probleém:

"...o it is evicent, in nany survevs of the infometicen
neecs ..., that 2 confusicn exists between warts cof
1sers  and their real necds. nAn eirpressed vant is cften
a very irmperfect characterizatien of what is reallvw
needec. == 1if incdeed this is knewn. The needs of users
have bheen conditicnec by what is available in temms cf
present systems and ecuinment anc represent a comprarise
Letween what thev thin' thev would lilte and tha: which
can be chtained." (s cucted by Voos 1969,



. Orcutt (1970) mentions in this context:

"If, as professors, econcnists finally secur=d sone
experience in posing hypnotheses or questions, and also
in specifying and actually securing data heedad in
testing the hypotheses and in resolving the questions,
matters would not be so serious. As things stand,
however, even at the professional level, few indivicduals
ever play a significant rcle in figuring out what nets
data are needed for e ffective testing of hypctheses, how
the needed reasurerents may be made, and in actually
naking them."

Cne such example of specific suggestions made by economists
with respect to the collection of econcric data is made by
Tsurumi (1271), who writes:

"However, from the point of view of a user of statistical
data who is interested in building a disaggreqgrated
racro or industry model, the followine types of data
weuld be cuite useful if they were puwblished aleng with
naticnal income accounts,

'l Dorestic Product (or Naticnal Incore) data by

industry (quarterly data in value terms, not in
indexes). :

2, Dusiness gross fised capital formaticon estimates hy
industry (quarterly data).

3. More detailed incdustrial classification of the
Labour I'orce survey data than currently avajlable,

4. Me xrchandise exports and imports classifiecd by
industry of origin in the reconciliaticn statement
of exports and imports of goods and services,'

If these data are readily available in such publications
as the national income accounts or the Canadian
Statistical Review &s an integral part of repcrting
national incomé accounts, econonetric rodel huilders may
bé greatly relieved in their effort to 'dig ocut' and
'construct' necessary data,”

Hote that Tsurumi deals with two problers; i.e., the type of
data to be collected and their publicaticn format,

Once the purpose of a data gathering process has been
cefined, we are still left with the taslr of evaluating the
O contribution of the informaticn body to the optimal



conclusion Or decisicn made. This canno: be done uhless
someé quantitative measurerent of the enc-goal itself is
available, For example, Stigler (1961) corpares the cost of
price search with the benefit for the buye r who menages to
decreasé the price for a desired okject by means o©f the
search procedure,

In & macro-econonic context, such evaluation is more
difficult. One fight suvggest (see earlier in this chapter)
that IXevnesian unerplovrent is nainly cdue to the lacl: cof
infofmation, and subsequenrtly recormend that measures be
talzen to reduce this wmcertainty. IDven if we are ahle to
design a workable syster: and estimate its costs, no proper
decision as to its implementation can ke made if no
reasurenent can be chtained of the social value of reduced
wmempleyrent, This is why we suggest that the evaluation cof
(increased and inpreoved) information nust take place within
a gquantitative medel of econoric policy fomulation. [11]

This requirerent is drastic, inceeé, but not irpossible., 1In
fact, we will show 1later that analytical technicues for
policy purposes are available. The need for inforration
evaluatiocn can cnlv help to speed up the develrpment and
further epplication of such mocels.,

Fer the sake of coptimal policy (and intellectual honesty) ,
any type of model should he accorpanied bv or incormerate
the following:

1. the investigator's or policy maker's own
preferences, :

2. an optimal set of available peclicy ortions, whereby
the optimality is influenced bv cbijective

ciramstances.

3. a model describhing the relationship between 1. and
2., resulting in optimal decisions subject to the
characteristics erbodiccd in 1. angd 2.

It is not always ecasv to distincuish between obhjectives and
constraints. Let us illustrate +his with the following
quotation from Dorfman (1967) :

".e. a practicable distinetion bhetween constraints anc

objectives might go as follows:

A requirerent is a constraint if




(a) it must not be viclatecd at any cost, however hich,
or with any probability, however low, and

(b) there is no gain or advantage in overfulfilling it.

Cn the other hand, &4 recuirement is one of the
chjectives of the firmm if it can be violated, though at
a cost or penalty or if there is an advantage in
cverfilling it. Mixed cases can occur, - Thus, if
deliveries must be made within two weelks at all cost,
and if there is an advantace in quicker celiveries, the
raximum delivery tire is a constraint while, sav, the
average delivery time enters into the ohjective
functiocon. If this distinction be accepted, it will be
seen that cnly technolegical recuirements will cualify
as castraints (e.c., the cutbut of a refinery cannot
exceeC the volume of crude oil inputs); the attainfent
of all other recquirerents is part of the objective. In
other words, every practicable desiagn of an operaticn is
subject to failure in sufficiently adverse
circumstances; one desicns so as to halance the cost of
failure against the cost of Cecreesing that risk. Thus,
the use of policy constraints, though prevalent and
perhaps inevitable, must entail some loss in attainrent
of the 'real' ... purpcse of the enterprise.”

The explicit formulation of doals and limitations has the
advantage that the ‘discussicn of subsequent nclicv actions
can becocme more objective than if these features rerained
mlnown. On the other hand, one should see to it that the
policy maker does not control the anélytical process and
information input as well. 7his remrains a touchy issue in
many decision processes. Lpart from its influence on the
ecomony proper, "President Jchnson's unwillineness te
disclose the mounting cost of thé Vietnam war" (silk 1972)
ray well have contributed to the support for his military
policies among merbers of Congress. As C. West Churchman
writes, suggesting the absence of accurate or objective
infomation:

"Instead, so-called ‘'information' is simply one kinc of
incentive, which can he used by one person or group to
influence the behavicur of anothexr person or group. It
is, in fact, a cormodity with its own price, a ceomrmodity
that serves the purpose of shaping social action." (C.
West Churchman 1963, as cited by Hoos 1971.)

This manoevering with information is a well=lnown feature in
larce business or govemrent organiZations, It plays an
important role in the difficulties of Central planhinag of a



national econoriy. Komai (1967) pays COnsiécrable attention
to the proklem of data distorticn in the Hungarian econonmv,
For example, after having estimated that "the 22,2 per cent
nean of the overspending reflects the tendentious
distortions, bkiases in the estimates", he concludes:

"... it may be stated that there is a marked tendency to
'under-estimate' costs, espec1ally construction costs
and those con1ng under the 'other' heading, as well as
the period of realization. It is the 'chauvinism' of
the investing firms or sectors that cores here into
nlay. The 1nvest1nq party -- in order to secure the

cgranting of a pernit == will endeavour to make
investment costs appear lower in  the preliminary
calculations then the actual requirements, It will be

assumed that the pemmit once granted, cverspending and
the protraction of the realization preriod would not
ratter too much; the investnent project once launchec
would hardly be stopped later cnh; and the amount of
overspending would ultimately be paid out. Nor does the
systen of material incentives comected witk the
investments counteract these tencdencies, as the faect of
overspending does not involve any sancktions,"

7e stumble here on an inalienable aspect of anv nlanning
prccess :

Zlthough an overall policy geal ‘is being specified and
-~ possibly -- accepted at larcs, the interests of the
varicus executors will contaminate the decisicon's
imp lementation. '

We shall returh +o this problemn at a later point,

ssien is that the
place within the

o

Our conclusion from the above cisc
evaluetion of information should +ak

context of a nocdel describing the decisieon maker's
objectives and the constraints in a pure and undistorted
form, It will appear later thea a general class of

optimization problems in the fields of macro-economic policy
and resource managerent nay be solved with similar
analytical models.

Information can now bhe embodied into various components cf
the decisicn=-makincg procecure. The possibilities and costs
of information gatherina are incorrorated intc the selection
process of the 'optimal' model, tre estimation of the nodel
is carried out with help of such data, and the solution is,
finally, tested for its senswtl ity for changas in the input
structure (both aquantitatively and cua lJfaLlVClV)



The solution of any decision-making problem is subject to
the cdesion and infeormation used in the fomula*ion o0f +the
model., Chances and errors in these features may result in
alterations in the optimal decision. As Meier, Veiss, et al
write:

"In fact, it is often more importent for a planner to
know how the svstenm will perform wmder varied
cperational conditions then it is for him to know the
‘optimum plan' which may exist under a sincle set of
postulated econoric and vhysical conditions. Moreover,
it is highly desirable for him tec be able to cuan tifv
the effects that changes in the more important variables
have an the perfomance of various 'cood plans'."

In effect, swmsitivity analysis is a rmethod of seeing how
rmuch the varicus parameters that have heen estimated are
able to chance hefore the optimal plan hecomes sub-optiral,
It also enables us to inwvesticate the trade-offs which hav
ccecur for wvariaticns in sone set of parameters., A well-
Inown example of explicit sensitivity inforration is the
Lagraage multiplier  in optimization and opredrarming,
measuring the marginal  impact of the  co:resronding
constraint,

By studying the sensitivity of the answvers our rodel has
civen us to variations in the data input estimated, we are
&ble to derive the relative inpcrtance of the various input
streams, and decide (explicitlv) on where and how +o spend
additional funds for information~gathering purpcses.

loreover, incorporation of these qualitative aspects of
available information is important in the expost evaluation
of decisions 'prescribed' bv the rodel. =2 good exarple of
how such insight micht be used (but wasn't) is described by
Bakker (1962). 1In 1960, the Dutch cabinet resioned bhecause
of a Lower Charber motion askinc for more subsidized-housing
allocatiens for 1961 +than the govemment was willing to
arant. Although nchody faults politicians for standino up
for their principles, the reasonableness of the crisis
becanes 1less clear if one realizes that the tctal
Giscrepancy involved in the conflict amownted to 1/4 or 1/3
of the average prediction errcr in the housine program over
the preceding vyears, Had the Dutch politicians heen eware
of this statistical feature, they might well have decided
differently regarding the cabinet brealkdown,

He conclude this chapter with the observat ion that the
problem of information efficiency is a relative one. Ve
suspect that, for ‘the time being, the choice is not a



question of 'more data: ves or no?', but rather of 'more
data: where and with what level of expenditures?', as
indicated by the Dominicn Bureau of Statistics!' staterent
quocted in Chapter 0.,  This implies that the decision nay
well be based on a cost-benefit approach in vwvhich the
cutcomes cof various sensitivity analyses of additional
observaticns are being cempared ané ranked by the policy
maker acocording to his judgerent.



CIIAPTER 2

SOMI THEOILTICAL-STATISTICAL CQ?*I cur?Ts

2.1 Estimaticn and Testinc

Ionorance about social and econcmic pheénomena tales often
the form of wcertainty as regards numnerical relatiens. The
neec¢ for cuantitative insight makes tre application cf
statistical principles of estimation and testing necessarv,

Estiration is concemed with measurenent under uncertaintev,
whereby two cases may be distinguished:

1. The characteristic tc be determined does exist
unicuely; ocur instruments, however, are irprecise
and introcduce an element of variaticn of outcores
around the true value.

23 Pritchard (19€4) wvrites:

"The advent of the word 'true', together with
the word 'real', in scientific discussicn hes
done rmuch to clcud the nature of scientific
activity. The recuest for a 'true' storv
instead of a 'likely' story tacitlv pestulates
the existence of a 'real' world mnderlying and
agivineg rise to appearances and asks for
informaticn ahout that 'real' world. The
scientist cua scientist cannot answer such a
question since the naterial o which  he
operates consists entirely of appearances."”

And 0. Mnderson (1953) writes:

"Statistical nurbers are reallv no more than

'statistical shadow images' of the mass
phenorenon they refer tc." (my translation:
J.I.V.)

The data with which we wverd is statistical ard
reasurec by the cevices of man. ‘e are nct vorkineg
with facts in the sense of Inown values.

The cecree of uncertainty is chvicusly related tc
the cualityv of the reasurerent instrunent, This is
to a large extent a technical probler vhich shoulcd



be solved within an econcnmic context, considerinag
the cost c¢f meore refined ohservations and the
asscciated henefits. Thus, three elements are
involved:

- the technical measurement svstems and the
introduction of uncertainty connected
therewith;

- the costs asscciated with various measurerent
systens; and

- the benefits accruing from improved
chservations.

2. The characteristic to lre cdetermined is (pessibly)
unicte, but appears merely as an averace Feafure of
a chLp cof ncnhCﬂononoors iter's (the 'elements' of
a ‘ropulaticn'). lncertainty surromding the
outcore of the measurement prccess is caused bv the
intrinsic vari ltability of the uncerlvine ﬂatPTlEJ
This 1is a datum we cannct affect in manv instances
(particula arly in econorics), as the pcpulation from
which a sample can ke dravn ray well he hevend the

investigator's control. In  additien te the
Varlabzlnty wvithin the population, a measuvrement
prchlem mav exist, Fer exarple, if we atterpt to

reasure the Marginal Propensity to Consume (the
increase in national censumption  divided hv  khe
asscciated increase in Gress National Incore), ve
have intrinsic veriabilitv, as the M.P,C. is
different for the respective elements (families) of
the populaticn. Meorecver, the technical features
of the measurerent svster are imperfect and
introduce an additienal amcunt of uncertaintv in
the sample outccores.

The classical scluticn  to both prohlems works with the
assurpticn thet measurerent (now +o he called estiraticn’
Fecause of thre mcertainty feature) tales Place ”Jth help of
a sempling prccedure frem a distribution ok aracterized hvy
the true value ancé thre variation of bhoth cridirs  as
descriked ahove.

It appears that ordinarily the uncertainty can he recduced hv
increasina the sample size. 2 simple exarple mav illustrate
this



We sarple from a distribution with mean M:

. s 2
and variance Vi

E[(X - M) 2] = v2

where 'E' stands for the Expectation operator (= taking the
average value of all possible outcores weichted with their
respective prohabilities; compare this with an ordinary
weighted arithmetic average).

We calculate the  averade  outcome 'i& of N  sample
chservaticns : ' & o

7 - ‘ o
Xy = X+ X)) + o0+ X0): N =z

and cohserve that its expectation ecuals the true population
mean, M:

X. =

- . 1 N
E(XN) = E N il i

IIMZ

N
1 =1 -
. [ J RO MR NS

The sample mean Rﬁ is thus called an 'unbiaseé estimator' of
- the true, but unknown population mean M. This does not
imply that Xﬁ equals M in each and every sample, but only
when averaged out over all possible sample outcores. 1In
crder to find cut how close we can expect ?ﬁ to lie near M,
wa caléulate its average quadratic deviation from M (the

'sample~-rean variance'):
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== E| X
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all okservatiocns X

91 ssey X oare crawvn frerm the.
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same populaticn and have thus the

-

gsane - reaon anc.

N

variance; and
all ochservaticns were nade indepencently frcr each

other ('random sarplinc').



The latter feature irplies that Incwledae of the cutceore of,
say, X3 ¢oes not tell us anythino about Xy (in additicn to
vhat we knew already). Therefore, krowinc that XlAﬁeviates
'sec much' (¥; - M) frorm its e:rpectation M, is
irrelevant for the cetemiration of X,'s cdeviation frorm its
expectation (in this case +the same as ¥y 's, i.e., M.

Fermally, wve write this as

E (Xl - M) (X, - M) =0

2

As we picked X; and X, arbitrarily, and all ¥'s are reallv
L 1 2 Nl
interchanceable, we ceonclude that all exnrectations cf

similar terms (involvinc twvo different ckservations) are

e heave thus proven that the sample mean i& has aipectaticn

‘ . . 2 - . 9
M (the true rean) and variance V° /1. Recarcdless cf +he

sample size, fﬁ is richt on the tardet on the averacge, and
the dearee of precisicn (reasurecd hv the varisnce of +the
sarple mean) improves proporticnallv with the sample size

[12]

There 1is no strict reasen why we should use the sample rean
as an estimator of the populaticn mean, however loaical such
rethed mavy  sowmd. e ccould, fer example, use the sarnle
médian (the cbservation which lies in the nicdle, of tkre

series of semple outcores rankec in ascencdinc or cescencine



crcer) which can be proven to be unbiased with respect tc M,
tec. We thus need a criterion for the selection of an
estimator. The argurent used is 'efficiency' in terms cof

the smallest variance around M. [13]

The sefple median has a varience, for larce n, ecualling
2, C . \ s - ,
1l V/il vhich is 1 7 or‘\approxirately 1.5 as larce as
2 .
the variance cf the samnle rean. e thus male hetter use cf
ocur sample infrrrmation when we use the mean as an estirater
rather than the median, in the sense that the averace
scuared distance bhetween estimate and  tarcet (the true
valuve) is smaller. Cenversely, the sample mean is rore
~

efficient kecausc it recuires only 2/3 the sample size that

the median naeds in corcder to obtain the same reliahilitv,

It can bhe shown that the sample rean is the rcost efficient
estimator of the pepulaticn méan available, For a given
number of okservaticns, no other fomula will aprroxinate
the true value better (with average scuared estimation error

as the critericn). Such a clear situation does not alwavs

exist; estimation proklems micht be conceived vhkere for a
rance ¢f low values of N, a certain estindatcer is hest, while

fer a range of hicher values, ancther one will be rcre

precise,

(

While the sarmple mean is unbiased, attempts could be mace to

inprove its reliahility by refucinc its variance. As  we

-4



cannot bhe sure that fn really ecuals M, we want to he quite
cenficdent that Y, lies fairly closely to M. In cother vords,

“N
civen ?ﬁ, ve write

M= Xn + error allowance

and¢ hope that we ray be confident that this 'conficdence
interval' dces contain the true valwe M inceed. 2As  the

'error allowance' is related tc the variance (of the sample
rean) the interval can bhe shortened by increasine the
’ o v

samaple size.

In case of the 'nomal distribution' (the bell-curve which
is characterized by just twvo numbhers, i.e., the rean M and
the wvariance XT% y W& knaow that 95% of all cheservations can
be expected teo lie within an interval of M i 1.96V, TFcr the

sample mean ?ﬁ we thus have

v = v '
M- 196G { X {n+1.96 = | = o5z

Prchahilityv

or

95%

% v_ o = v
Prohability Ry = 196 g {m (X + 196 o0




We should make two observaticns here, By cefinitich, wve
will never know whether ?ﬁ is reallv close (or even ecual)
te the true valve M., All that cen ke said is that, with a

larger sample, XN is mcre livelv to lie close tc ™ than with

& smaller cme. Morecover, as the reliahilitv of the estinrate
depends cn the sanple size, and samplinec involves scme cost
factcr, we rmust have a méchanism hy which we can evaluate
whether increasec accuracy offsets the extra ccst of a
larcer samnle. e then recuire a monetary evaluation of the
hbenefit of higher reliakhility, This  is usuallvy done bhv
reans cof a 'loss funétien' specifving the 'fires' associated
with the various thecretical estiraticn errors. e will

core back to this approach in S. 2.5.

Estimation results in oné selectitn of a 'likelv' value of
the true but wnknown parameter. In realitv, howaver, this
value rmust be corpared with prev*oUs’v rade measuremants,
In cther words, statistical analvsis is not just a matter of
pickina a good approx lratvon but involves also a corparison
of various chcice altematives availalle.

"™is brincs us to the problerm of testirc of statistical
hypcoctheses. We have, for e arnle, two possible valuas for I,
hased on two different estimation nrecesses (samplirc, nricr
Fnowledoe, etc.) and we try to make the 'hest' selection.
Several cuestions arise:

1. We always yun the isk cof accepting the wrona
value. EBven if e egtlrate lies <closelv to the
true value (the unltnown parameter), a mMore remcte
secnd (fer scme reasoen more reliahle lockine)
value may well neop out of the sample hecause of the
veriability of the seampling procedure. Yhatever
choice we make, we can never be sure to he riaht.
e thus have to halwncc the ris¥s o¢f the wronc
decisicns, ‘



2, The choice sheould not just be made in the licht of
likelihcods of errcnecus decisicns, hut also should
incorpeorate the 'fine! asscciated with tre
acceptance of a wrona altemative. Just like a
larme ' sample is mere probheble to pin dovm the true
value cleselv, the cheice retween +wvo  alterrotives
hecomes more accurate when we increase tkre samnle
sizZze. WYe thus have, acain, a trade-off hetveen
costs and benefits of the decisich procedure.

3. Tt could Dbe (and is in fact very likelv) that the
investigator has gced reasons +to consicder cne
hyvnothesis more likely than the other. He shovld
then be enabled tc incorporate these heliefs inte
the choice procedure.

The irst prchlem is usually solved within the context
of 019591cal Heyman-Pearson statistics., Te¢ incorporate
the cther two, it is desirable to use a different
branch; i.e., Bavesian analvsis (see S. 2.5).

2.2 Estimation of Eccnonic Pelationships

We will now present scme corments on the estimation of
acenomic relationshins. We thus are interested in findinc
the value cf a parameter cdescribing the connection between
twe (or more) variahles. Sunpoese, the folloving
- relationship is pcstulatec:

Yl = A+ BX1+ Ul (1=1lhh-[N)
vhere Y 1is the dependent variahle anc ¥ *the incdepencdent or
explanatexry variazble, 2 and B are the narameters ﬂaqcrihinc
the cuentitative relationship between Y and X, U is a
disturkence terrm (with thecoretical mean O) measurira  the

effect(s) of
(1) intrinsic variability of ¥ aromé 7 + BY;

(2) explanatory variebles which were (irpreoperiv)
Celeted; or

(3) measurement errors ih Y resulting in a proxi wvalue
used instead of the true Y (for which the
relatienship holds perfectly).

The rank of the ohservation is indicated by i.




It is now customary t¢ estimaté A and B with the least-
sguares formulae:

N .
A i:‘: & -% @ -9
B = iZ :

N =, 2

£ & -5

i=1

- A _
?ngBX

These estimators have the properties of linearitv (in the
cependent variable) and unhiasedness (E[gj = A; E[ﬁ] = B).
It caen be shown that within this class, the least-scuares
estimatcrs are 'mest efficient' : no other unhiased
estimato:s approcach their respective target values more
accurately. MNote that this holds true for any given numher

of observations (the sample size).

Just as in the case of the sample mean, the precisien of the
least-squares estimation procecdure improves -rith the number
of observations, The variances of A and B are,

respectively,

2 2
Vat(A) =°I% var(B) = R v ——
S (X - )2
i=1

2 . . .
where V° is the variance of the disturhance term U,
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The property holds ¢&learly for var(A) as the numerator is
canstent and the dencéninator increases with the sample size.
Using the fact that for any set cf nuabers, the arithmetic
mean minimizes the suwm of scuares arcund itself hetter than

any other value, we can write:

XN(x-’>2( S % 2 Tx -% )%+ 2 0% = 3@ - X )2
o1 1 XN & o1 SRR foqp i X1 (XN+1"X1\1_+1) ”i:,l(xi"xmﬁ

where §k and £ﬁ+l stand for the mean of the first W, and of
the first N+1 observaticns c¢f the explanatorv variable.
Note that the ineguality sions become ecqualities if and enlv
if XN+l = ?ﬁ implying §N+l = Eﬁ. We conclude_thaé adding én
observaticn 1is almost always wuseful as far as improved
ave rage precisicn.is concernec., Note that this does nct
mean that gN+l lies closer to B than‘%N (the value for'%
based on ¥ chservations). Some outlyincg value of YN+1 may
well cdeteriorate the estimation quality, implving, in fact,

A
that U1 is abnommally large or small., The forrmla Var (B)

has already averaged out all possible values of U, thoucgh.

The decreésing variances of the léast—squares estimators
(with increasing. sample sizes) leads to a better
cancentration of possible :’\\ and g values aroumnd the true A
and B, respectively., In the limiting case with the number

of observations g¢oing to infinity, the distribution of the




estimatcr is completelv localized om the true parameter and
the estimate will he accourate with probahilityv apprecaching
100%. This feature is called consistency. Mote that the
speed cof convergence nmav well differ for different
estimaters (compare the semple mean ané the sample median,

vsed as estimators of the pecpulation mean).

2.3 Sore Extensions

17 ncw turn to some assorted corments on extension of the

Ia
preéceeding analysis., (See for rore cetails anv stancard

textthod: in eccoacmetrics; e.c¢.,, Theil 1971.) This secticn
may be mitted without Joss of continuitvw,

1. T™e assumption that var (U) is constant mav he
cropped. Fer exarnle, vhen estimatine consurntion
pattems with incere as an explanatery variabhle,
the variance of the disturbeance tern is exnected to
be higher for rich peonle then for noor, hecause of
the sheer existence of a greater freeder of choice
(see, e.dq., Prais and IHouthakker 1955). A3
ordinary Least Scuvares is not mnost efficient anv
more, applicatien of Generalizec Ieast Scvared

becanes necessary, by vhich the medel is
transfeormed so as teo rostore the constant-variance
feature.

2. If the model contains rore then one evnlanatory
variable, least-squares can still Fe applied,

althouch the calculaticns bhecore mere corplicated.
The methed is then equivalent to the minimization
of the sun cf average (expected value of) scuared
estiration errors of the various narameters
(constant tem, . coefficients). It is cuite
cenceivable, however, that we want a certain
parameter estirated 'hetter' than the other ones.
In this case, too, avplicaticn of Ceneralizes Least
Scuares gives the cdesired result,



Surmose prior knewledge exists with respect tco some
of the coefficients of the model. (e.a., the value
of one parameter, or the sum of some of ther). If
this inforration is assumed to be perfectly true,
Ieast-Scuares Under Constraints car he applied.
Iess-than-certain pricr Imcvledge should he
specified stochastically (mean, disturhkance term),
after wvhich Mived Estimatien follews, incorporating
the empirical evidence and the pricr knowledge.
Note that this comes cquite close to the Bavesian
apprcach, referred to earlier and toc he discussecd
further in Section 2.5,

If the explanatory variable X is subject to a
probability distribution as well, the rnodel is
called a recressicn. Its interpretation is cuite
different from the nodel descrihed ahrove.

Moreover, it leads in economics Lo manv concentual

problems and should thus be used vwith care.

Whenever a large set of relations is beine
investigatec (e.c., an equation sveter as used in
econcretric models -- see  Chapter 6), the
cccurrence of stochastic varishles as cxplanatery
items can hardly be avoided. This nay call for
different estimation procecdures. Sirmilarlv to the
previous points (1-4), this prokler is not (or only
in a very complicated manner via cptiral selection
of estimation technicues) related te ours, and it
will not be nursued here., [14]

Althouch we consider the = X-variable(s)
nenstochastic, there is no reason te helieve we
have observed the true value (see alse ocur
discussicn of measuvrerent in econcmics and the last
footnote) . We could now have to decicde how to
allocate funds for programs  to irprove the
rieasurement of the various incdeprendent variables.
In principle, sensitivity analysis could he apnlied
in such a case. Bv differentiatirg the objective
function with respect to the ohservaticns on
explanatorv variahle(s) , after the optiral
expressions for the estipators (e.g., the least-
squares formulas 2 and B) have been plucged in, we
obtain the potential gains of measurerents
improvement in tems of hicher values for the
chjective functien. HNote that the postulation of
an cbijective function (or 'welfare function') is
indispensible for this purpose. [15]



The selection of the functional form anc
incepencdent variables therein for the eyplanation
of Y usually takes the forrm of seekino the

specification with the hichest correlation
coefficient. Ilowever mechanistic this approach,
there is a theoretical foundatien for it. Theil

(1958) proves that

"if the specificaticn is incorrect ..., the surm
of saquares cf the resicduals (corrected for
loss of cdegrees of freedom) is on the average
larger than the swm of scuares of the
residuals implied by the use of the correct
specificaticn; in other words, the resicual
variance sheows then an upward (at least not
dewnward) specification bias. On the average,
therefore, the criterion of mirimunm resicdual
variance leads to the cecrrect cheoice cof the
specificatien; and the same is of course true
for the ecuivalent critericen of maximam
rmiltiple correlation (coefficient) ..." [1¢)

Koerts and Abhrahomse (1969) vam acainst the use of

the correlation coefficient as a criterion for
discrininatioen between different rodels, unless p2
is interpreted ir the light of its owvn distribution

vhich depends on (and is very sensitive to chances

in) the values of %the explanatory wvarialle(s).

Theil (1971) points to the probler of interpreting

resicdual variances and correlation coefficients

when the dependent variable is taken in different

mathenmatical forms (a.q., the integral value versus

its logarithm).
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2.4 Some Conmments on Aaorecaticon

A very important issue is the degree cf accrecaticn of dota
used in a rmodel. Vle saw  already that Orcutt et. al.
reccnmenced strongly that nicro cdata be used. Thev carme to
this conclusicn fellowing the construction of a

nicroanalytic mcéel of the U.S. econcry, the use of these
mocels to procduce large numbers of histories, and estimation
of the underlyince structure of the ¢cenerating rodels at
three different levels of aggregation.

In a clessical article in the field of agereaation, Crunfeld
an¢ Griliches (1960) care to the followine cenclusions:

"1, It is cuife likelwr that a macro ecuation will h
a hicher R® than a micro ecuation, but this i
very relevent in judcing the performance of either
ecuation;

2. censicdering the more relevant compariscn, the
eggregate equation may explain the ecerecate cdata
better than all micro oraatlcns corbined if our

QX

]

R b a
micro acuations \re hot 'perfect!. Since
verfecticn is unlikelwv, acgrec: 4irn ray result in a
'net cain'

They Co mention some linitztions of their atudy, such as:

"T'e  have not investigated, except by 1:n11cat1c
results of aggregation procedures in  the pre
e asureren errors 1in the incdepencdent varic

particular, the poor cualitvy of ricro daba
another scurce cf aggrecation cain,®

".o. we do not clair: that a nerfe ctly smecified micro
syvstem would not out-perform a racro ecuathW, cnly thet
we do not live in @ worlé of perfect nmicro systers., In
3arLLCLl«r, most of our eceononic thecry, thouaoh couched
in micro lunruaro, has really ch; derived with
acggregates in  rind, It is a thecrv thet euwnlairs

'averace' Dbehavicur, never clairning te ke alle +o
explain the behaviocur of a fa indivicual, To
give an 'adecuate' explaration of irdividual heohaviour
woculé recuire a ruch nore detailed theorxy; such a
theory, ameno other thincs, would have to account for
he interdepencence in the behaviour of indivicduals,
Fest cf the theoretical werk has cencentrated, hovever
on improvinc and maling mere rigorous the cx1htqu

‘3
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t
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3
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theorv, a thecrv essentially designed  for the
exrlenation of agoregates."”

"It is undoubtedly true that disacgregation hud caertain
advantages., In particular, it may sugeest to us row  to
improve cur theory, It mav be futile, however, to
expect that disagecrecation will result in a hetter
exnlanation of the aggrecgates without an arprepnriate
chenge in the medel, Different levels of a¢rrncrf10r

e o~

recuire thecries with different levels of ahstracticn,"

on, an econoretricien conld

"In the 1qht of this discusgsi
lusiens. One wveuld he to  trv
S

reach two alternative conc

t inprove ocour theory o hat it would he rore
rplicable to nicro data Alternatively, one could
ccneentréte on ~“,)rovmc* the macre theories and
estimation technicues. The authors are screwvhet
nrejudiced in favour of the second direction, as thev
c¢oeubt that economists have a corparative advantace in
Ceriving theories that veuld explain adecuately
indivicdual behaviour., But surely beth directicns are

worth pursuing., It is worth renenbering, hovever, that
accrecation is net necessarily bad if one is  interested
in the acgregates."

ILlthough manv articles have been written on the toric of
agarecation since 1960, ne progress seens te have bheen made
from & rhilosorhicel viewpcint. If we know the ricre
structure truly end neasure theé nicre data correctly

agrrnlctloa seems to Dbe disacdvantageous. In the other

cases, it appears that werkine wvith macro reletiens and  the
corle snondi nr ¢ata is often preferakle.

We woeuld succoast  that a reseercher should investicate the
state of affairs with respect to heoretical redel an
available pirical lnfornatéch, hefore deciding on t-n

.

(\

'best' estimation procecurs., Sirdilarly, nodel construction
for the sake of policy naling %hould incorporate the desired
level cf aisajgregatlon in th pelicy cecals  and the

associcted neasu¥es., et onl-- wi’l such procedure haln the

3]

: kel
policy weler in arriving ot the proper resﬁjﬁ-, it owril cive
(end the investicatcer) the ;vc,or nicture of 1rscrrﬁblnn
cocests assacliated wikh the ho‘icy rreoenosal., I'ains’ econoric
policies, althoudh formulated in the aogrecate, aro desliaonad
to have &an imract at the ricre level, In cases whera nacro
chservations are cascier to obtain than their nicro
counterirarts, a trace-cff exists betwreen
effeectivencses ana (infcrmation) costs. For xa«wlL,
inflation ccrrecticn £ should allew for

income  taued
ces

eh
differences in Censurer Price Incdic for the varicus inccre



aroups and family c JO”ltlonu, and regional price rnovemnent

QlS)aVlth Applylng an ‘'average' C.P.I. will nossibly
benefit thche agrcups who need it th least and vice versa.
Sirilarly, nclicies designed to reduce frictional
wnennlovment shcould incorporate the characteristics of the
pctential labour force in the fullest detail. tuite

obvicusly, bcth cases present a trade-off betwveen prooranm
effectiveness and information costs. Without an emnlicit
r-

evaluatien cof both facters, nce decision on  their opntinel
levels can ke nade.

tn the other hand, the policv-raker nav wvell be sctisfied
with sccregate ficures as his actions are ¢esicned tc
influence the collective rather than indivicduals within the

ccllective, Xevnesian “OllCl,o te  stimulate  denand are
usually cdeveleped within that content, Aggreaate policies
may be cdealt with via acgregate meodels based on  accrega
cdata. And these are uvsually available in more accurate Fcrw
than the micre data. As Juster (1279) writes:

0]

"Lespite the fact that there are no reasonably accurate

ricre deata, aggregate savings can be estifated with fair
raceuracy as the cifference betveen incere  an
cersumption. And e of our mest fancus enpirical
ceneralizations ebout savings -- that the saanc~/ ncaie
ratic is secularly indepencdent of the level of i“coru -
is based sclely cn the reasurenent of net investrent in
canital assets, which convenlentlv enouch happens to be
ecual to observed savina,

<

il



2.5 Bavesian Analvsis

The major differences between classical statistical methocs
and their Bayesian counterparts are the exolicit use of
prior knowledge andé the incorpération into the various
procecures of the purposes of statistical decision malking.

It is hardly canceivable that a statistician, when
attempting té estimate parameters, has no icea whatsoever of
their possible values. Similarly, when testing hypothesis,
he may well have some other information as to which
hypothesis is most likely to be true.

The Bayesian researcher puts this prior knowledge in the
form of a ‘'prior density function' of the parameter(s)
involved, [17]

The statistician subseguwently specifies the expected
distribution of the sample outcome given the unknown
paraneter: P(X [ 27) wvhere '"A' is the unknown parameter and
'X' stands for the sample outccra: 'p! indicates
'probability', and means 'given' or 'under the condition
of', Ile then performs the experiment and obtains a sample.
The next step is most crucial. Just like he was able to
specify the distribution of the (undrawn) sample given the
raraneter, he can work backward andé construct the
distributicn of the parameter given the sample outcore,
This &pplicaticn of the FRule of Bayes' or lLaw cf Inverse
Prchabilities can be written as

P (a] xX) = P(A;_(.,§)<XI LU

The function p(2 l X) is called the 'pesterior density
function' of A, It differs from the pricr d.f. in that it
incorperates the sample information alonc with the pricr
Inowledge or beliefs, :

The fcllowinag step is the estimation of the parameter frerm
the available information erbodiedé in the vposterior d.*f.
This is done with a so-called loss-function which specifies
the 'fine' incurred for wrong decisions. e select now the
estimator which minirmizes the (expected) loss.

We will illustrate the importance of proper selection of the
loss function -- based on the eventual use of the estimates



== with the help of an example from Wonnacott and Wonnacott

’ (1969) :

"Suppose the Judge at a beauty contest is asked to guess
the heicht A of the first contestant, whom he has never
Seen. Yet he is not in complete ignorance; suppose he
knows that the heights of ontestants follow this
probability distribution

n(2) :
A (inches) p (&)
64 o1
65 .1
66 .2
67 .2
68 .3
69 .1
i, Swppose, in order to encourage an intellicent
guess, the judge is to be fined $1 if he malkes
a nmnmistake (no matter how larce or small); 'a
miss is as good as a mile'. TWhat .should the
ratichal judge guess?

ii, Suppose the rules bhecome rore severe, hy
fining the judge $v for an error of v inches;
the c¢reater his error, thre ¢reater his less.
Vhat is his rational gquess? '

iii. Suppose the rules ars made even more severe,

by fining the judge $y for an error cf vy
inches; this is the same as (b), except that
the loss becomes more severe as his error
increases. What is his raticnal cuess now?"

The solutions to the three cases are as follows:

i, The judge should select the height with the
highest probability, i.e., the rode (= 68) .
ii, The judge must pick that value of A for which
Ll y; - 3 l (the sun of the ahsolute

deviations) is minimal. The result is the




median value 67, (write

SE‘Yi - &

wvhere n and m are the numher cof cases tco the

n A - nim A
as 3. (A-y.) + s (Yj - A)
i=1 o j=n+l

left and £o the right of ﬁ, respectively,
where the y-values have been ranlkecd in
increasing order; differentiate with respect
to 3, obtain n = m= 0, orn = mn; and conclude
that A rmust lie in the middle cf all

obhservations rankecd in ascending order).

e
[N
[N
L]

The best valie is now the meean value 66,8 as
this minimizes the sum of squarecd cdeviations

A .~ . .
X (yi - A)2 (differentiate with respect to

A > - N g ke

2, obtain -2 z(yi - A) = o, and conclude

A - ) . .
A =y, Note that we used this result in

Section 2.2 to prove that the least-squares
. A 3 » .
estimator B has a decreasing variance with

increasing sample size.)

We see that three criteria lead to three different
results. As any statistical measurement is performed
with a certain gcal in mind, and the inproper cdecisicns
will have sore kind of consequences, it is quite logical
to take these comsequences into accoumt. [18]

A similar eppreoach is followed with respect to hypotheses
testing. Acain, prior information about the paraneter,
together with the sample infomation, leads to posterior
density functions, now for each of the hypothesized values.
Conbining these posterior d.f.'s with the 1losses to bhe
incurred (nil or positive) because of the varicus dJdecisions

Pl



(correct and incorrect) implied, we can decide for the
hypothesis which will minimize the expected loss. ~ We thus
integrate the 1likelihood of various 1losses with their
respective levels of seriousness.,

Comparing the Bayesian approach with the classical one, we
stggest that it is cuite superior in that all informaticn is
being used; moreover, the selection process is based on the
eventual application of the results. [19]

In the extreme case that no prior infommaticn can be thoucht
of, we may use 'diffuse', 'vague', or 'uninformative' prior
density functions for the parameter(s), the rost 'uncertain'
[20] of which is the 'nomrmal' distribution (for infinite
ranges and a given variance) or the ‘'uniform' or
' rectangular' cdistribution (for finite ranges). As soon as
some more advance knowledge is available, this can be
incorporated in more informative 'priors'., [21]

The result of Bayesian analysis is usually more accurate
than that of the classical method for this very reason.

Wit!. respect to the loss-function, we might remark that the
classi~al model uses a loss-function implicitly; e.o., least
sauares mninimizes the su of squared deviations from the
optimum parameter value; as we saw above, this is a special
kind of loss=function. Also, it can be shown [22] that
sound classical methods like Maxirum Likelihood Estimation
lead to the same results as Bayesian analysis with cuite
unlikely prior density functions like, for example, a U=
shaped curve,

ost Bayesian - just like classical - procedures hecome more
accurate with increasin¢ numbers of okservaticns. Moreover,
their estimation results approach the classical values for
larger and larger sample sizes, and quite rightly so. Such
Bayesian estimates are 'weighted averages' of the prior and
the sample infomation. The larger the sample, the less the
weight of the prior knowledge, hence, the closer the
Bayesien results should lie to the classical cnes. .

The Bayesian statistician may evaluate his results on their
Sensitivity for the assumptions made. A very useful
implication 1is the consicderation whether improved pricr
infomation can sway the results and, through the mechanism
of the loss function, lead to a smaller expected loss for
the (new) optimal decisicn. Thus, we have accuired a
poverful measure of infomation-catheTino effectiveness
the (ronetary) valle of accitional informatich  oan
established. Of course, this does not guarantee That we
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make the 'proper' decision. Averaced out over all possible
-possibilities, we obtain the (improved) optirum result.
This information aspect can be used to dynamize the model,
too, leadinc to informaticn-gathering strategies and optimal
stopping rules (see, for example, McCall 1965). [23]

Surmarizing, we have the following structure of the Bayesian
decision theory (quoted from Green) :

"1, A decision maker is faced with a choice among
altemative options, the consequences of which are
not known with certainty.

2. The decision maker incurs ocosts associasted with
wreng decisicns. These costs of wrong decisions
vould be monetary in nature, or more generally, may
be expressed in tems of utilities.

3. The decision maker has the option to acquire more
information about the consequences associated with
the courses of action wunder evaluation. This

information will be cost incurrinc in itself, will
delay the decision and, in addition, will be
usually less than perfectly reliable.

4, The model provides a way to determine how much
infomation should be acquired and what choice +to
malke after its receipt. Moreover, the model can bhe
extended to deal with a segquence of actions over
some planninc horizon."

apart from their extensive application in statistics and
econonetrics, Bayesian principles have found a place within
the theories of econonic decision-rakinag, We shall mention
"a few cases.

Turnovsky (1969) applies Bavyesian techniques to the dynamic
theory of the fim wnder uncertainty, assuming prices that
are nomally and incependently distributed over tire, IHe
concludes:

"If a decisin maker accurulates information by Bavesian
sampling, then his subijective expectations are fowmd to
chance in an adaptive manner, where the rate of adapticn
varies at a rate which depends wupon the relative
precisions of the pricr and sample means. By taking
special cases, we are thus able +to justify several
existing empectation hypotheses as arising within this
Bayesiaen context, For illustrative purpcses, it is then
shown that, if a firm foms its expectations in this



way, then, a change in the prices or uncertainty of me
pericd will indirectly affect all future cdecisions.
Zlecessary conditians for these long run effects to imply
finite lang run swply elasticities are found to recuire
that the fim's prior subjectiwve distribution of the
expéectecd price mnust ultimately collapse to the true
expected price, In ceéneral, this conditicn will be
satisfied, but in any event, anvy increase in price will
alvays have a positive effect om the outrut o=
subsecuent periods, while the effect of an increase in
wmcertainty c¢&n be of either sign, depending upon what
actual prices turn out to be."

Hartigan (1969) swgests a 'Bavesian' rethod of linear
preciction, using only the first two norments (mean and
variance) of the distribution of parameters and
observatims, rather than the corplete prohability riocel.
This appears a guite 'eccncnical' approach as satisfactorv
results can be cbtained with much less specification.

An interesting macro-ecanonic applicaticn of Bayesian
rmethods is given by Fisher (1962). Working with a cuadratic
target functiom (see Ch., 6) and a linear ro@ 1 of the
economy, he derives that -~ under certain ascumpticns -
least-squares estimation of the (recducec¢ form of the) model
Coes lead to the best predictions, but not to the best
decisions if the coefficients of the target functien are
wmknown. Only vhen a large sample is availahle and the
variance of the disturbances is small, the differences
hetween the classical results anéd their Bavesian
cowmnterparts become small, But, these conditions are harcdly
ever met in ecomomics. :

The literature on Bayesian analysis 1is growing rapicly.
Lucic¢ introductions of a general nature can be found in
Faiffa (1968), Hambhurg (1970), and Lindley (1971). The
eccnonist micht consult Wonnacctt and Wonnacett (1969) for
an elementary expose and Theil (1971) for a brief summary
and¢ sore comparisons with classical econometric techniques.
Zellner (1971) presents the most complete and advanced
treatment to date,

Sore applications of Bayesian techniques in water rescurces
planning can be found in Cox and Siskin (1971) and Conover
(1971).




CHAPTLEP 3

CPTIMIZATICN IN ECONOMICS

Our main conclusicn in Section 1.7 was that the cuestion of
infermaticen efficiency in economics is best dealt with via
the use of formal decisicn models. Most of these structures
are of an optirnizaticn nature. Conceptualizing information
efficiency requires an evaluaticn of the sensitivitv of the
optirum for expanded and improved data input of wvarious
kinds. e thus have a cual optimization probler in our
hands. Ordinarily, the henefits of nore anc Fetter
information are derived explicitly in terms of the opt imun
of the policy solution, and subsecuentlv cormparec with the
additicnal informatiom cost involved. Incorporation of bhoth
costs and benefits of information into the policy model
appears to be difficult, if not impossihle.

In this chapter, we will be concemecd with cptirmization in a
racro-econcmic framework. Issuming that the staterent of
the prchlem itself can be achievecd accurately and unicuely,

it rerains necessary to specify a criterion (or set of
criteria) for optimality.

Unfortmately, there is no aqreement on this issue. In
micro-econcnic analysis, the thecry of the firm hes
tracitionally been developed under the assumption that the
entrepreneur secks to maxirize his profits. Although
econecmists accepted such a prernise for decades, new
develomments point to other goals of managerial pelicies.
Baumcl(1958) states that husinessren maximize sales volume,
aiven a constraint on the profit rate, while Lanzillotti
(1958) chserved that they simply seek +o reach a certain
target rate of profit. thereas these criteria are at least
explicit and reasurable, things becore corplicated with
Siron's theorv that entrepreneurs try to achieve scne
aspiraticn level witheout maxinizine anvthine in particuvlar:
they are 'satisficers' rather than maximizers (see Siron
1259) .

The problem of criterion selection is even nore dif ficult in
macro-ecancmic analysis,

The measurement of 'social utility' has alvays presented the
eccnomist with insurrountahle difficulties,. Accoxrding to
Jean  Rebinson, economists in the mainstresm of thought have
circumvented this prchlem, at least in their ovn nmninds, hy



means c¢f identifyinc social utility with tectal production.,
The context within which Mrs. Robinson (1966) rakes her
charge concerns the ecalitarien marginal utility of income,
In her words,

"The methcd by which the eqalitarian elerent in the
dectrine was sterilized was mainly by slippinc from
utility to phvsical output as the chject to be
razimized. A smaller total of physical goods, ecually
distributed, acdnittedly may vield rore utilitv than a
ruch larger tctal unecually distributed, hut if we Yeep
our eve’ on the tetal of goods, it is easy to forget
about the utilitvy."

Jcan PRchinson continues her criticue of those who employ
incame as a proxy for that elusive ¢eéncept, utilitv:

"The utility concept purports to lock behinc the 'veil of
meney', but utilitv cannot be measured, while toney
values can, and econcrnists have a bhias in favour of the
neasurable, like the tanner's bias in favcur of leather.

The very fallacies that eccnomics is supposec to quaxrd

against, econorists are the first to fall  inke. Their
central cancert, National Incere, is a mass of
contradictiens. Consumpticn, for instance, is

custorarily icdentified with sale of consumers' coods,
and a high rate of 'camsumption' is icdentified with a
high standard cf life."

Alrost as if his remarks were cesioned to cenfim the truth
of Mrs. Pcbinson's charges, Jarmes Tobin (1966) stated the
followring:

"Some of the ncneconcmic reasons for favoring faster
crowth also sugcest that @GP is the relevant measure,
But, as econeorists, we woulél rale welfare or utility
cdepend cn censwmpticn., Ve would recuire the investment
part of GNP teo derive its value from the future
cansunption it swports,”

It seems necessary and desirahle at this stace, to explore
in greater depth the relationship betweenr consumption and
social welfare hefore malking any substantive judagerents,

"Cemsumption  is the sole end ané purposzse of all
productien,” '

So wrote Adar Srmith in 1776,



‘ . In 1962, Kenneth Boulcing protestec:

"Ecanomists have frecuentlv written as if conswurption was
the desideratur, the end vroduct of all econcmic
activity. Such, hcwever, is not the case. It is true
that there are scrie corrodities which must he consumed
in the wutilization, such as food and fuel., This,
howvever, is a technical accicent. TFor rost conmedities,
censumption  is merely incidental to their use, and far
from being a desideratur, is to be avoiced as ruch as
pessible,”

I’ pertinent ouestion to pose is whether these two eminent
cgentlemen are reallv in fundarental disagreerent with each
other. 2 superficial consideration of the retter might well
- lead me to answer in  the affimative, Hewever, by
exanining their respective corrments within the contest of
the social milieu in which they were pvenned, one might be

convincec that the caments of both ren reflect their commen
concem for the welfare of consuners. The seemihgly

contradictory nature of their rerarks is a reflection of the
transfermation in the import of the term 'consumption’ which
has transpire¢ hetween 1776 and our time.

Edam Srith's assertiom nay well be notivated bv his concern
for the masses of pecple who barely managecd to subsist. His
plea seemMs to ke for a more hunanitarian ecmermics wherein
sickt is not 1lost of the ultimate cbjectives of this
discipline: namelv, as Lionel Pobkins has phrased it, to
study "human behaviour as a relationship between ends ané
scarce rmeans which heave altemative uses." It must ke
recalled thet the Mercantilist precccupation was mere with
Preductive  capacity as a means to national nowver than as a
reans to the economic well-keing of the nopulace; Smith was
prcohably atterpting to redress the irbelance Fotveen
consumpticon and investrent goods in order to areliorate the
strife of the starvinc nasses.

Boulding's remarks appear to have their oriein in his
general dissatisfaction with +raditional econecric  theory
which treats purchases an¢ consumpticn as identical
phenorena with respect to Ccansumer cormedities; according to
hirm, these +two phenomena are distinguisharle, and are
separatecd by a stock of consumer capital, Joan Pohinson
Seers to capture the essence of Boulding's criticue when she
asserts that:

[1]

.-+ Consumption, in the plain meaninc of the term, in
the seasze that i+ ig cennected with the satisfaction of
natural wants, dces not take place at the moment when
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coods are hended over the comter, but during loncer or
shorter periods after that event. This time-dirensicn
is completely left out of the figures. It is left out
not hecause anvone denies its importance, hut hecause of
the mere difficulty of catching it in a statistiecal
net,"

Vhat Boulding deces in his analysis, in effect, is to select
2s his standard of cuality measurerent 'durability', subdect
te the cmdition that the commodity fulfil its functicnal
role,

Soulding eocuates the cansumpticn of  an asset with the
depreciation of that assot. Bouldino proposes a "principle
cf mininim consumption" as a vardstick for measurihag how
ecomonically sceciety rations its sScarce resources. His
principle essentiallvy claims that, given an allotment of
scarce (finite) resources, the lower the consumpticn (or
depleticn) of resources in the attainment of a given end,
the hicher will be society's material welfare. Boulding
formulates the principle of minifum consumption in the
fellowing manner: C o

‘ef the wvarious typres cof assets which satisfy a given

waut, we will prefer that which is consume & (ox
cepreciated) at the slowest rate in terms of the value
wmit". '

Beuldino's principle of minirum consumption appears +o be
predicated upon his own assessment of the source of social
welfare: namely, societv's stock of real Assets at a given
time. His cocepticn of consumnption is of a necessarv,
albeit recrettable, means to the attainrent of utility-
vieldinag service (or cood) . The fellowing passages from
Boulding's boolk illustrate this view:

"Ve wan t tc live in houses r and wé derive our
satisfactions from their existence, not from thejr
wearing out or depreciaticn. If our heouses dicd not

depreciste: if roofs never leaked, if wpaint never
wveatherxec, if beams never sagge¢ and floors never
rotted, we should have less consurption of houses, but
ve would clearly be much better hocused. Similarly we
want to wear clothes rather than to wear ther out, to
use’ furmiture rather than to use it up, and so on cown
the whole list of cormodities., If we had ~unadracahle
fabrics, wmbreakable china, and incestructikhle
fumiture, we should again have less censumption, hut we
would be all the wealthier for this fact,.."



"We do not want to consume fuel except as a reens to
cettineg heat, lia t, or power: the more of these things
we can get from a unit of fuel, the better cff we are
«+« We bum coal in a house furace mly because the
temperature of the house is a depreciatinec asset in
winter, which has to be replaced hy the consumnticn  of
fuel ... Even with food, ... an invention which enables
us to satisfy our hunger and to provide fuel and
maintenance for the body with a smaller cétnsurpticn of
foed would leave us better of f than he fore, "

In reply to those who would claim that satisfaction is
Cerived from the very act of caswmption, Bouldina arcues eos
follows:

"The principle of the rinimization of consurpticn is not
invalidated nerelv because there are techrical cases in
which consumption cannot he reduced without recucing
satisfaction. One cannot escape the feeling also trat
satisfaction in consuption  itself verges on the
sadistic and morbid., The sadist, the pvromaniac, anc
the glutton are alike in that thev cohtain satisfaction
from the destruction or disintegration of those créerly
errangerents of matter which constitute capital and

which are the result of productive activity, Such’
satisfactieons, however, can hardly be recardec as
healthy."

Perhaps the kihcest thing ane can say akout Boulcinc's value
judogements is that they are explicit. Hmetheless, when one
applies his standards for measuring society's material
welfare to a mature camitalistic econory such as the U.S.
teday, the evidence scerms to shew an age of unprececented
vastefulness, Beulding's estiraticon of a cornodity's
durability is very clesels akin to that of the encineer
(embracine onlv the chjective physical characteristics cf
the commodity). However, in a mature cepitalistic eccnorwv,
there is an additional dimensicn which influences the
'lifetime' of a cawodity, and that is the rate of its
psychological chsolescence,

Vence Packard (1963) delinectes the fellowine three tvpes of
obsclescence:

1. Obsolescence of function, wherein "an existing
product becches outmoded when a procduct is
introduceé that rerfcms the function hetter,"



2, Obsolescence of ciiality, wherein accordine to plan,
"a product breesks down or wears ocut at a given
time, usually not too distant."

3. Obsolescence of desirability, vwherein "a preoduct
thet is still sowmd in terms of cunality or
performance hecores 'wom ocut' in our nminds hecause
a stvline or cother change makes it seem less

Cesirable, "

Te U.S. econony is characterized hy the existence of 211
three varieties of chsolescence to a creater or lesser
axtent, Havever, only the first type -- oksclescence of
function =~ ocught to be consicdered to he a social cain per
se, The latter two varieties of ohsolescence == those of
cuality and of desirability -= mav he deemec to he social
“hbenefits onlv insofar as they facilitate other social
ohjectives such as the fuller utilization of the econcnv's

resources. Certainlv, from an  encineering viewpcint,
otsolescence cof cuality &ad of desirability represent
wastefulness of resources in that the 1lifetire of
carmedities is unnecessarily dJdiminished. In the Uu.S.

context, the logical explanaticn for the erergence of the
latter tvpes of cbsolescence is that "the spectre  of
satiaticn" has manifested itself; that is, "america's
capacity to produce mav have outstrippec its capacitv to
camsune," To the extent thet cbsolescence of cuality and of
cesirahility are effected by means of consurer manipulation
thrcuch large-scale advertising, the mamitude cof societvy's
acgrecate conswmption as a barometer of social welfare is of
highlvy dubious value. Moreover, if durability of coods is
taken as e index of their cduality, the reasure of
durability must ermbody all three cbsolescence cormonents,
since the actual use-lifetire of the cormodity is diminished
accerdingly.

‘The prescriptien for buovant econcric canditions proposecd hy
Victor Lebow, that of ! forced consumption', has rather
frichtening overtcnes, somevhat reminiscent of Brave New
World:

"Cur enormously productive econeomy .,. demancds that we
rake consuription our wayv of life, that we convert the
buying and use of goods inte rituals, that we seel our

spiritual satisfacticns, our eqo satisfactiens, in
consumption .. Ve need things comsured, bumed up,

worn ocut, replacecd, ancd discarded at an ever increasina
rate." (as cited in Packard 1963)



Can e really discem denuine social progress if man rust
be transformed into a seclf-indulcent «alutton who agorges
himself weon the fruits of the industrial systern in order to
forestall its demise? Can cne justifiably claim that man is
being served bv the industrial system where the role of man
has degenerated tc that of being a mere ced, albeit a not
insignificant cog, in the incdustrial svstem? One's reply
rust, of course, ultinatelv cdepend upon one's conception of
'precoress'., According to Herry G, Johnson (1964) :

"Procress takes the form both of satisfyving wants more
fully, &ad of raising the standard of wvants, In
technical jargen, it is expressed both in improverents

in the production function, and in improverents in the
consumpticn function ... it pays the entrepreneur ,,. to
invest in improving the technique of éonsurption in
crder to adjust the want more profitably to the product;
in short, it pays to advertise,"

ind when he ventures the cpinion "that the creation and
satisfaction of wants hv advertised preduction does result
in social gain", he does so "on the growmnds that there are
generallyvy accepted stancardcs for distincuishirg
reretricicusly from genuinely swericr nroducts ,.."

The evicdence that the stancdard of wants has indeed reen
raised, or that improverents in the consumption functicn or
in 'the technique of cansurption' appears to be con spicunus
by its aklsence. For one thing, these phrases have a very
hich metaphvsical content, and it is nmnest Adifficult to
devise a scientific test which could satisfactorily gauce
their veridicalitvy. Moreover, such evidence 2s dGoes exist
seems to undernine the strength of claims that progress of
this variety has occurred. In their study of "The Cost of
Autorchile lMcdel Chances §ince 949", r, M, Fisher, 2.
Grilliches, and C. Kavsen

"concentrate en the cost of the resources that wouléd have
been saved had cars with the 1949 rocdel lencths,
weights, horsepowers, transmissions, etc. bheen procuced
in every vear. 2As there was technological chance in the
incdustry, [thev] were thus assessing not the resource
expenditures that would have been saved had tha 1940
rocels themselves been ocontinwed, hut rather the
resource expenditures that would have bheen saved had
cars with the 1949  specifications been continued hut
been built with the cdeve lopina technoloavy as estirated
from actuel car constructicn cost and performance data,"
(F. 1, Fisher, 2. Grilliches, and C. Xavsen (1962))



Their results indicated that the cost of rodel chances
amounted to $700 per car (i.e., in excess of 25% of the
purchase price) or a total of 3.9 billion dollars Der year
from 1956 to 1960, llowever, after due allowance for other
costs associated with model changes, such as thosc resulting
from accelerated cbsolescence of repair parts, increased
repair costs due to chances in car Casidn and construction,
and additional gasoline consumption, the estimate for +he
average increrment in gasoline censunpticn expenditures rer
vear was $968 millicn for the 1956-60 péricd, The final
canclusicon of the authers was as follows:

"We thus estimated costs of medel chances since 1949 to
run about $5 billion per vear over the 1956-1960 pericd
with a present value of future casoline costs of $7.1
billion. If anvthing, these ficures are underestirates
because of itéms not included."

To the eXtent that the autcrobile incdustry typifies other
large-scale industry in the U.S5., many of the veociferouvslv-
acclaimed products are, at best, meretriciouwsly superior to
the mecdels which they displace, the centrary clairs of Prof,
Johnson notwithstancéine., on grcunds of physical durakilitvw
(BEculdine's criterien), there is sericus couht that
significant 'progress' has beer made. The tendency appears,
in fact, to be in the opposite direction, with s+ill further
dirinuticn in average product lifetires.

Crucial for the above-rentioned prechlem is that the
definition of 'cood' has resulted in a feecbhack of
cantaminaticn of that very coal. This seers to be ai: alrost
unavecidable feature of optirization processes vwhere the
'target' or 'preference function' cannot be formulatad
xcept through the use of prexies. Vithout some Droper
rethod of evaluation, cuantity (beina measurahble accourate 1v)
drives out cuality (hardly estimable, X cept by  complete
destructicn) . We could call this Gresham's Lav of Mass
Production. In this  case, the (over? erphesis on
reasurable g¢oals has steered our attention away frem othrer
okjectives of econcmic activities.

Within the set of measurable Cescripticns of societv's
welfare, there is ample room for irbroverent. As  the
Ecenanic Ceuncil of Canada (1971) writes:

"Net product, as oppcsecC to gross, excludes assets used,
destroyed, or danacec¢ in the producticn prccess, It s
therefore widaly, if not universally, recomized as a
rere appropriate hasis for measuring econcmic growth,
It is not a simple or easily measured concept., The



estimates currently in use provide for the depreciation
of traditimal assets such as buildings, and nachirervy
and ecuiprent, but they dJdo not take accomt of
Geterioration in the natural environrent."

"This point leads to the secand suggested chance.
Environrental assets such as air and water are heither
so free nor unlimited as theory and practice once
assumed., They are now viewed as assets that charice in
cuality or quantity and can be improwed or destroyed.
The next few years will, undoubtedly, see a significant
increase in expenditure by the public and private
secters to undo past ecological ham and +to limit its
increase, There are several ways in which this use of
resources coulc be reflected in the national accownts.
Under existing procedures, investment expencitures bv
govemrents and business to maintain cor 1restore the
envircnment would result in an increase in the real rate
of growth of Gross Hational Procduct., A clarification of
this contradiction as soch as possihle is hichlv
Cesirable,"

Heller (1967) suagests in this regard:

"If, as by-products in ouwr quest for crowth, we destrov
the purity of our air and water, cenerate ucliness and
social disorder, displace workers and their skills,
corble up owr natural resources, ancd chew up the
fmenities in  and around our cities, the repair of that
Canage should have first call cn the pProceeds of growth

P If we ocould isolate that rart of it which is =a
Girect cost or bv-product of agrowvth from that which is a
natural caicenitant of pepulation growth and

urbanization and sc forth, we should probahly make a
subtraction each year from our total output, an
adjustment of our GIP figures, to take accownt of it."

In empirical application of these ideas is presented by
Leontief (1970) who tries to incerperate pollution inte the
input-cutput approach to econonic modelling. Input-cutput
analvsis describes the interrelationships in the éccnony
based on the input structures of the various secters; i.e.,
ary sector preduces accerding te the input needs of all
secters, in additicn to the cutput usecd to satisfy final
demand (from outside the 'productive'! sectors), As  sone
preduction oprocesses result in so=called 'by-products',
i.e., not belonginc to the proper output packace of the
industry concerhed itself, economists have amrencded inrut-
output mocels as to incorporate these aberrations. Leontief
now cdefines pollution as a "by=-product of reqular economic




activities" which "is related in a measurable way to some
particular consumption or production process", This by~
product can now be used as an input by a "pollutant
eliminating" industry which, on cne hand, uses up labour and
other resources as a true cost of procuction, and, on the
cther hand, mavy not be able +tc use the tetal amownt of
pollutants. The latter quantities are then transferred to
the final-demand sector as non-cemancded hut vet tolerated
wmdesirable cutputs. Lecntief's approcach alsc allows us to
calculate the pollution-related carponents of the prices at
vhich cutput is being traded.

The beanty of the abkove model is the opportunity to trace
the effects of various rates of pollution and of apti-
pellution activities through the econony., :

Tt can also handle cases of corpletely  inadmissible
polluting acts of production and consumtion, [24]

Uzawa (1970) goes further than Just correcting GIP for
undesirable effects of producticn and consumption and, in
fact, adapts the Boulding philosophy:

"Then we canpute the @, we decduct denreciation --
whatever it costs us to keep our capital intact, 'hat T
propose 1is also to deduckt from the standard concept of
national income the omomt neecded to rmainteair the
present steck of natural and social capital." (as
aucted in Iekachman 19 72)

This chonge in measurement is based on a change in economic
philoscphy as ably described by Boulding (see earlier in
this chapter). Further elaborating on the cencept  of
welfare versus cutput, Boulding (1966) argues that the
fallacy of using Gross National Product as the varédsticl of
econonic performance is caused by societv's failure to
realize that it is moving rapicdly from a "cowboy economy"
tawards a "spaceman econony". In the former, "... there are
infinite reservoirs frem which material can he obtained and
into which effluvia can be Ceposited, ... the threouchput is
2t least a plausible rmeasure of the success of the 2cononv,
The oross national product is a rough reasure of this total
thrcughput, " The "spaceman econamy" is a closed syster: "in
which the earth has become a sincle spaceship, without
unlimited reserveoirs of anything, either for extracticn or

for pollution, and in which, therefere, man must find his-

place in a cyclical ecological svstem which is capable of
cmtinuous repreducticn of material form even though it
cennot escape having inputs of energy." It seems to be most
crucial "to distinquish that part of the GNP which is



. derived from exhaustible and that which is derived from
reprocucible resources, as well as that part of consumption
which represents effluvia ancd that which represents inrut
intc the productive systen again." Boulding insists on a
camplete change in philosophyv: :

"The essential measure of the success cof the econcmy is
not producticn and consumption at all, hut the neature,
extent, gquality, and oormplexity of the total cepital
steck, including in this, the state of the human bhodies
and minds included in the system. In the spaceran
ecamony, what we are primarily concemed with 1is stochk
maintenance, and any technclogical change which results
in the maintenance of a g¢iven tctal steck with a
lessened throughput (that is, less »production and
consurption) is clearly a gain. This icdea that hroth
procduction and consumpticn are bacd things rather then
gecod things is very strange to econcmists, who have keen
obsessed with the income-flow concepts to the exclusiecn,
almost, of capital-stock concepts."

Chances in philosophy and measurement rmust now be followed
up with appropriate peolicies. We should atterpt to reverse
the 'cotamination' process bv re-evaluatine the trade-cff
between cuantity and qualitv, particularly vhere it reflects
on  the bhalance between present and future needs ancd their
respective satisfaction. The "Blueprint for  Survival"
suggests an "amortization tax" oroportionate to  the
ecstimated lifetime of the product;

"e.q., it would he 100 per cent for procducts desicned to
last no more than a vear, and would then he
progressively reduced to zero per cent for those
Cesigned to last 100 + vears, Obviously, this would
penalize short-lived products, especially disposable
ones, therebyv reducing resnurce utilization and
pcollution, particularly the solid waste precbhlen,
Plastics, fcr example, wvhich are so remarkable for their
durability, would he wused only in products where this
cuality is valued¢, and not for single trip purposes.
This tax woul.d also encourage craftsmanship and
employment-intensive industry."

¢ improve the allocation of ocur resources over time, the
lueprint propeses a "raw materials tax".

&
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"This would be proporticnate to the availability of the
raw material in ocuestion, and would be &esiéned to
enable our reserves to last over m arbitrary period of

‘ time, the longer the bhetter, on the principle that,



curing this time, our dependonce m this raw material
would ke reduced. This tax would nenalize resource-
intensive industries and favour emplovment=-intensive
ones ... it would also penalize short-lived products.”

It might be even more appropriate to depart corpletely fror
the use ¢f P as a vardsticl: of econonic perforrance, The
locical ccnclusion of Boulding's philosophy is the Cesicn of
different criteria of scocial-economic welfare. The Econoric
Comcil of Canacda (1971) suggests the use of Geal Output
Indicators, meesuring the impacts, rather than the reans, of
covemmnent programs. For exanple, in the field of health
care, we might use the following criteria:

Longevity Infant rortality rate
' Live birth rate
Death rate from:
MAccidents
Degenerate cdiseases of olé age
Acute/chrenic diseases

Days free cof phvsical Davs hespitalized er ahed
illness or Days off worl/school
disability Level of nutritien

Level of fitness

Days frae of mental/ Days in psychietric instituticns
enotimal illness Number of defective/retardcd
cr disability children

Suicife rate

This approach is being used within the contest of Cost=
Benefit Inalysis, to which we devote the next chapter, It
is a good example of the integration of measurement and
policy-making, and, wmavoidably, of the errors involved in
beth of these procedures,



CHAPTER 4

COST~-BENEFIT ANALVSIS

The general idea that the benefits of government projects be
reasured and related to their costs hes been systenatically
investigated since Werld War 2, along with the attermt to
develop evaluation procedures to apnly to governrent
investments in water resources. The two, in fact, appear to
have been worked out together, with a large amownmt of the
best work in either £ield (at least as regards economieé
content) keing found imder subject matters spanning both,

lecardless, the cost benefit approach to the analvsis cof
such problems is not restricted to this area of study but is
rather general, &and may be applied to a large class of
projects including, of course, the private sphere. Our
concem here will lie with the public activities.

The main cbijective of such public undertalings is, or is
purported to be, the increase in the welfare of the society.
There 1s a need for some technicue which will enable us to
evaluate the potential projects and rank them according to
their respective value. This is not alwavs possible, due to
the problem of comparing and measuring the values of
individuals. !HNonetheless, there appears to be a larce class
of problems which can be evaluated on the growmnds of
economic efficiency. What this rerely means is that the
policy maker, rather then heing stymied by these preobklens,
rust tum pragmatic and use a sukjective ordering in lieu of
available measwures.

Having stripped the preoblem of these aspects and thus
reduce¢ it to one of allocation of resources, the policy
rmaker is in the position where he can make use 0f cost-
henefit analysis. The criterion that this method attempts
te use is an evaluation of alternatives on efficiency
agrcunds.,

An investrment means an allocation of current resources to an
activity that will (hopefully) generate in the future sonme
goods and/or services., These future cgoods and resources are
referred to as the benefits received from such an
investment, The future goods and services that couléd have
been generated from the use of the next best investment
(assuminng the first to be optimal) are referrecd to as the
costs of such an investrient. The problem then 1is to



detemmine the varicus benefits and cost from the corpeting
altematives and, from these calculations, find that
investment which would yield the hichest net benefits (i.e.,
net henefits equals benefits minus costs; realizing that
doing nothing is a competing activity ang, therebv,
restricts the soluticn to the non-necative sphere=),

We can measure the benefits as beirg the maximum amewmt of
money that the recipients of the benefits would willingly
pay for their receipt. We evaliiate costs bv ecuating then
te the minimum amount of money that would be recuired to
compensate the owrers of the current resources that are *o
be allocated for investment in this activitv, The cost-
benefit approach is seen to be a criterion of canpensaticn
whose roots lie in economic theorization.

It can and has been shown that if the econony approximates
the perfectly competitive model, then these benefits and
costs may be dealt with in terms of prices. Unfortunatelv,
perfect competition is non-existent. Therefore, prices do
not reflect 'true' costs, Moreover, future prices will
still need estimation under conditions of wmcertaintv,

There is also the problem of measuring the impact as well as
the value of public hkenefits and public costs (i.e,, those
that cennot be attributed to specific individuals). This
idea of public goods is a special case of what is known as
extemal effects, These can be said to exist wherever we
find a divergence between private and social benefits and
costs. ILxtemrmal costs are generated by industries polluting,
waters or air as these impose a cost on others. A ‘private
firm operating under no obligaticn to make restitution for
these costs may be maximizing private net Lenefits; vet,
there is divergence from social net benefits, [25]

Whereas some of these divergences mav be rectified throuch
taxation, subsidies, or legal means, and ignoring the cases
where such divergences are judged to he insicanificart, we
are still left with a significant area for public
involvement in the form of investment Drojects. This reans
that there are some situations where it is more efficient
for the govemmnent to undertale a ceveloprent, rather than
tc leave it up to the private sector or +to developr those
market mechanisms enablinc the optimum solution to be
achieved. '

A major limitation of the cost-henefit method lies in the
fact that it is amenable to those projects having relatively
swall effects o the major parts of the economy. If the
project is to have sionificant ramifications on the rest of
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the ecohomy, or with regard to the physicallv irmediate
econory,, it is desirable tc use macro or intermediate
ecaonic models, possibly linked  with programming
techniques.

The past effort in cost-benefit analysis is a source of
valuable infermaticn recarding the measurerment, cefinitien,
and use of both bhenefits anéd costs 1nvolvnd in such
investments. These benefits and costs have been fomnd to
run into several conceptual preochlems vwhen we atterpt to
evaluate them. W. hipple Jr. (1970) gives an extremely
good analysis of water guality benefits and additional
information can ke gleaned from Scherer (1963). Sone
problems o the cost side are to be found in Iouchlin
(1270). '

It should be noted that the major problers in the area of
benefits are multiple goals and non-monetary objectives.

Schramm aand  Burt (1970) discuss the former probler
extensively, in particular with respect to the choice
hetween the maximization of national income anc

envirenmental qualitv.

How (1972) indicates three major wavs of approaching the

rcblem of project design end ranking in the case of non-
ronetary (and not expressible in mmevy, either) ckijectives
or impacts: o

1. the maximization of national economic net benefits
subject to canstraints on the other ohjectives;

2. using a system of explicit weilghts to make the
several Ob]eCth@” corrensurable;

3. the generation of several altemative designs for
ecach project, ach erphasizing a different
ohjective, permlttlnc the lew1°laturo or decision-
making bogdy to choose according tc  their
1nterpretatlon of society's needs,
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Toebes (1970) presents the following table :

SUMMARY OF FIOOD COITFOL OBJLCTIVES

obiectiyes Measurement Unit Desired Effect

Ecchomic Dollars .~ Maximize: Benefit-Cost
Efficiency

Envirenrental Open Space Acres Maximize: Acreace-
Quality Surroundings
Urbanization Product

Pegional Jobs Maximize (except in areas
Development of excessive congestion)
Incore Dollars by Shift Net Benefits to
Redistribu-~ Income Group those with Lower Incomes
tion’
Financial Standard Minimize
Stability Deviation of

Annual Darmages

See also McKean (1958), Crutchfield (1968), Lind (1968),
Freeman IITI and Haveman (1970) , S. L. Smith anad Hogg (1971)
and Dewess (1972). '

These cover the majority of the conceptual precblers.
However, an overview of the literature suggests that the
resolution of these problems lies very much with the
individual nature of specific projects; a 1look at past
efforts in projects very similar to the ome on hand is
likely to vield more valuable results than a general
knowledge of these conceptual problems.

The nmnultiple objectives problem is obviousiy related to the
size of the decision problem,

Any Gecision-making process should have a limited character.
Too large a nunber of altemate solutions +to cne and the
Same  problem make  the selection process extréerely
corp licated and, sometires, irpossible. On the other hand,
one should realize that such liritation implies that no
priority can be given to the optimal solution corpared with
lines of action not include@ in the set considered, whether
specifically designed to solve this or sofe other problenm.



We may refer to Baxter (1965) who posed the gquestion whether
the money required to implement a water-quality—-improverent
program cculd not better be spent on education. Cost-
benefit analysis does not attempt to make such a decision.

However technical the problem considered micht be, one
should not disregard the social surromnding in which the
discussion takes place (Smith & Hogg 1971). Disrecard for
this principle often results in failures to imolement
possibly desirable policies in the developing countries and
in "'disadvan taded' areas of the Western "orld. Chances in
the existing social structure or philosophy, as a result of
the project - if not a prerequisite for its 'success' - are
often met with great resistance and cause a consicerable
amount of social dissatisfaction. On the other hanéd, there
is every indication that the desicn of an optimal procramn
for its own social and economic survival may well recuire
the Westem (and, in particular, the North-Pmerican) worlcd
to change its set of social and moral values (see "Blueprint
for Survival"),

The problem of immediate versus long~term implications of
economic programs is obvieosly related to the question how
costs and benefits are weiched over time. The citccme of a
cost-benefit analysis depends heavilv en the chronclogical
weidghts distribution. Morecver, individuals have their ocwn
time preference; thev may thus assess a project differently,
even ‘though all (other) factors are evaluated ecuivalently.
Finallv, people tend to give more value te future
consumption collectively than they do indivicdually. This is
an important argument in favour of govemment by delegation,
rather than via direct participation.

The concept of present value is useéd to rake time~dispersed
benefits and costs commensurate. This rethod discounts the
values of future benefits and costs by the marginal rate of
time preference and, thus, for total benefits and costs, we
add up these discounted values, and proceed as usual,

It should be erphasized that cost-benefit analysis, bv
limiting its time span to a certain period, implicitlv
assunes that benefits and costs, as applvinc within that
period, are the full and only determinants of whether the
intended investment should ke carrielC out., At the cut-off
date, the state of affairs is identical to the initial
situatien, or the expected impact of spill-overs is
positive, 1In reality, the latter effects may well ke
negative; in such a Case, a cecision to g6 ahead with the
plan merely disregards the long-term implications or
sacrifices them in favour of irmediate interests, This is



particularly true when the intended investment.has a lasting
effect o society which is irreversible, such as resource
depletion and permenent chance in the environment, Similar
prcblems may arise if the choice is between a project
involving a heavy (research) investment to solve bhasic
prcblems, and a plan of simpler desicn that merely cures the
symptais without getting to their roots., It does not seen
possible to incorporate these aspects into a meanincful and
operational analytical frameworlk, The decision-maker may
have to revert toe a mere ad-hoc procecure of program
selection,

It is chvious that cost-henefit analysis reauires a great
deal of information re the various programs considered,
Similarly, the sensitivity for information improverent can
be traced, and available funds may be allotted accordingly,
The timing element plays a role, here, too. Additional
statistical work recuires time but any postponement of the
action decision results in séme social loss. BApart from the
optimal allocation of research funds, we have to investigate
whe“her and to vhat extent waitifig is worthwhile in terms of
improved outcomes of the aalysis.
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CHAPTER 5
PROG RAMMING
5.1 Intrcduction
Programming, in general, offers techniques for the
resolution of decisicn processes, evaluating the

alternatives within one analysis (rather than separated ones
like the cost-benefit approach). We may characterize the
decision processes into types; each type being solvable hy
an application of one of the pregramming  technicues
available,

"The plan, or arrancerment, of a water resources project
may be called a system. Modern water resources projects
often cmstitute very complex systems which mav he
created through different combinations of systems units
(reservoirs, canals, etc.), 1levels of output, and
allocation of capacity of the wits to various purposes
(water swply, flood control, hydro-electric power,

etc.), at different times. The cbjective of the system
design is to select the combination of these variables

that maximizes benefits in accordance with  the
requirements (constraints) of the design criteria. The

Constraints can be technical, economical, social, or

political, and the benefits can he real or inplied,"

(Chow and lMeredith 1969)

Programming techniques are able to maximize benefits within
the requirements of the ‘design criteria, It is the
transition from actuality to the model with which our
concem lies.

Applicatiens of the programming principle in macro-economics
will be discussed in Chapter 6. Most attempts have been
made within acacdenic circles without due policy
applications. Similarly,

"... the use of mathematical prograrming technicues in
water resources systen design is just beginning and no
extensive applications or verification have vet been
made in practical prohlems ..." (Chow and Meredith
1969)
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Although several models and techniques have been developed
anc are accessible to workers in the area, the change to the
new techniques is slow. There are indications that the lack
of trained people ad of efficient data are the main
problems in this trend. (Viessman (1970); contains also a
good analysis of the extent to which programming technicues
are being used by the various state agencies in the U.S.)

As indicated earlier, we attempt to maximize something
(usually benefits), subject to the recquirerents of the
design criteria, The ‘'something to be maximized' will ke
called the objective function or the welfare function of the
policy make ¥, Mathematically, these involve certain
endogénous variables that the policy maker is able to
change, quantitatively, and hence, these have core to be
" known as the decisicn variables.

The requirements of the fesign criteria are called, in their
mathematical form, the constraints of the systemn, These

sexve to cmfine the objective function. It is to be
wmderstood that the relationships postulated to  exist
hetween all variables at one point of time rermain

cuantifiably the same throughout the per_cd under
consideration. Whereas this may seem to be a trivial
assumption with regard to physical processes, at times, it
becomes a crucial assumption when we are dealing with soécial
and political processes.

5.2 Somre Classifications

Prograiming methods can be classified in several manners,
The distinction between 'linear' and 'quadratic' programming
lies in the power of the decision variables in the obhijective
function; in both cases, the constraints are of a linear
character. The term 'geametric programming' is reserved for
cases where the objective function is of more than the
second degree or the constraints are non-linear, Linear
Programming is the simplest method, althouch the use of high
speec computers has eliminated rany of the earlier technical
prchblems of other models. Still, the linear case is wicely
used, either because its assumptions are truly correct [26],
or a linear approximation (via a Tavlor expansion) is
acceptable, Similarly, guadratic prograrming (which assumes
a certain symmetry arownd the optimum) may be wused as
simplification of a higher-order nodel, Note that a (large)
portion of the objective function can still be taken as
linear. Some examples of L.P. applications in the field cof



water resources may be found in Thomas & Watermever (19622,
and in Revelle et. al. (1968). Q.P., in this dorain, is
described; i.e., by Lynn  (1966), Kerri (196€), and Burt
(1%67), '

Incther distinction among programminc models has to do with
wmncertainty. In the above section, we had implicitly
assumed that the parameters of the problem with which we
were dealinc were known quantitatively. In most problems,
however, we would not be dealing with known cuantities, but,
rather, with approximations in the form of estimates. The
question now becomes whether or not we may reach an optimal
decisicn, given that we explicitly recognize the uncertainty
associated with our data.

If the individual elements of the coefficient vector
(described above as being associated with the vector of
decision variables) were - subject to a probabhility
cistribution, then we would wish to work with those values
of the poarameters that we expect to occur. Thus, if a
stochastic process is thought to govem these parameters,
then the technique of finding expected values will readily
cenvert the stochastic programming problem into one that is
cdeterministic, Pnother option consists of taking, e.qg., a
pessimistic estimate (Loucks 196Q). Following the parameter
estimation, the problem is solvable by programming
technicues, -

Similarly, if this occurs with regard to the system of
camstraints, we may  use the technicue of taking
expectations. Here, we also have two other altematives
available to us. One of these is to make the constraints
hold, in the solution, with a probability of me. Formally,
this technique is the one 1labelled stochastic programming
(Madansky 1963). We may also incorporate the concept of
risk, and in so doing, require that the constraints hold X
per cent (5%, for example) of the time (Charnes and Ccoper
1959). This is called chance-constrained programming.,

Mocels, in general, and hence programming models too, can be
static or dynamic. In the former case, one (set off)
decision(s) is selected for cnly one period of time which
happens to be the only decision period involved.

Dynamic prograrming technigues are those which involwe a
seguence of decisions, Thus, control of water flows,
inventory ordering and the like involve decisions that will
reoccur over time and may bhe included in those problems that
are to be dealt with through the application of dynamic
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Programming. These processes and similar ones have come to
be known as multiple stage decision processes. ’

The dynamic programming technique differs then from the
static (linear or non-linear, stochastic or non-stochastic)
in that it is defined with respect to time. At each of the
decision points, however, one of the programiming technicues
will be applicable., . Which of these cepends on the current
problem, as was indicated in other sections.

We are able to set out some characteristics of the
situations which require this type of programmine. First of
all, the problem must be capable of division into stages
that occur at different points in time and each of these
stages must be characterized by the recuirement that a
decision is to be made. Secondly, each of the indivicdual
decisions must be amenable to one of the static technicues,
A third requirerent is thet each of the decision staces riust
be independent of decisions made in past stages.

The literature in water resources managerent contains a-
significant number of models utilizing this technicque. A
agocod discussion of interdisciplinary methodolegy may be
found in Buras (1972). This is fairly detailed.  Some of
the problems to be encountered and the resolutions may be
feund in Meir and Shih (1970), Yomg (1967), Millhan and
Russel (1970). For an exceptionally good article in this
area, see Iee (1968) .

A particularly interesting situation exists when decisions
have to be made under uncertainty, maximizing some ohjective
function over a series of periods. One could conceivably
Solve these problems by applying standard programnmning
techniques after some allowance has bheen made for the
wmcertainty involved. However, doing so, one would foreqo a
rost important feature, wviz., that bhetween subsequent
decisimns, mere information becomes available, reducina our
ignorance. We neec to develop a strateqy incorporatinc the
expected acquisition of information in sore optimal way.
Such a procedure cen be found in Chapter 6.
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CIIAPTEP 6

MODEILS

6.1 Introduction

This chapter is concemed with the philosophy and technicue
underlying mcdel building in economics, It is not,
exclusively, geared towards resource mnanagement prohlens,
The interested reader is referred to Biswas (1972) for
numerocus excellent discussims on applications in the latter
field.

We are concerned with empirical models descriking the state
and peossible future states of an econony, Some of these
models are deterministic in the sense of a simple alcekraic
procedure by which acne set of variables 3is 1linked with
another set, Other nodels are so-called ortimizatiom models
as they attempt to reach a certain optimum, subject to
- canstraints imposed because of the actual or likely state of
the economy,

There is no need nowadays to defend the construction and use
of formmal models in economics for pélicy purposes., Just as
in the «case of forecasting, we suggest that, if the
government has a political responsibility for the welfare of
the natien, it should evaluate the altemative acticns
intelligently,

Such investication is best performed with help of formal
models rather than ad-hoc reasoning.

As Ball (1963) writes:

"The simultaneous model approach has the virtue of makinco
its asswmptions more explic¢it: This makes it, at once,
easier to «criticize, but also to locate the causes of
trouble and bhac forecasts. Often those who decrv the
econanetric methoed and produce forecasts themselves are,
in effect, operating within a framework that ocould, irn
fact, he fomalized. They make assumptions and then
draw inferences from the assumptions as to the prokable
forecast values of variables. An unwillinaness to make
the apprcach more formal is a rather unfortunate wav of
suwpressing assumptions that might not stand up in the
light of day. The econometrician is open and sticks hies




neck out and, not unexpectedlv, finds many happy to chop
his head off. But, at least, it 1is possible. The
explicit . character of the rocdel approach permits the
weak spots te be ekxamined as more experience becomes
available and suggests lines of irproverent, The
constructicn of a model is cnly a starting point for
development, One of the difficulties of the past is
that few models have been developed after they have bheen
bui 1t. It has been an achievement to build them, after
which they merely survive as relics in acaderic
literature. In the few cases where cevelopment has
succeecded initial construction, the evidence suggest s
that the pay-off may be substantial (for an exanple cf.
Suits (1962))."

7e  should recoorize that the construction of a model works
on the principle that we seel: simplicity that captures the
essence of reality rather than a perfect description. This
latter is impossible in a stochastic world, and attempts to
approximate it are asscciated with exponentially rising
costs., Coupled with this is the real danger of implyving tco
ruch abkout the 'real' world, as it may frecuently he seen
tha“ some modellers, having chosen a sirple model on the
principle of Occars' razor, may tum around and impute
simplicity on nature. This is seen as somewhat paradoxical
if e retums to the initial stages of the construction of
the model and ohserves again the conceptual difficulties
involved.

As quite customary in the social sciences, empirical models
are difficult to build because of the wvacueness of their
thecretical cowmterparts.

Ball (1963) states:

"Constructing a macro-statistical mogdel is not simply a
matter of applying existing economic theories to
available data, principally because a great many
ecanamic theories and hypotheses are forrulated in such
a way that one hardly knows how to go ahout applying
them. In this respect, the methodology of economics has
been grossly at fault. 2 large proportion of econonic
theorizing is conducted not in the context of
challenging facts and figures, but in a vacuum. The
result is that theories emerge in search of phencmrena,
rather than phenonena appearing seeking to be explained.
Theory and applied work lack the unity that is essential
to make them both important, which 1leads to the
proliferation of econcmic hoxes -- not quite empty, but
in which the facts rattle rather uncomfortahly. In



practice, therefore, the model builder finds himself
forced intc a great deal of ad hoc theorizing to deal
with specific problems as they arise., The inefficiency
cf this procecdure need hardly be stressed."

No eccnomist will oonsider anyv model teo bhe faultless. In
fact, the proof of the pudding is in the eating, and cuite
often the gastromome (or patient) will end up suffering from
a severe case of indicestion. But, as the altematives are
not eating at all or at random (possibly aided by a well-
cutdated book on nutritiocn), we might consider the risk of
falling ill worthwhile. '

Evén if models are adequate descriptions of average events
and movements as have actually taken place during the
observation periocds, performance deteriorates as soon as
they are used for forecasting purposes. Perfect advance
information re excgenous variakles and model parareters is
impoessible. Every predictien takes, thus, the fom of a
canditicnal statement. The more éxplicit these concditiens
are, the better and ocuicker the model can bhe adjusted.
Extrapolation methods (indicators, Markov-chains) fail to
incorporate (and certainly to reveal) the required
conditicnal character. Xlein (1971) gives scme examples of
the inability of such methods which nect only predict poorly,
but also fail to recognize when the pattern of the econeny
has actually changed direction., Measures of economic .
policies, to offset undesirable developments (as possibly
predicted by these very same models), cannot be incorporated
unless :

a) cn a very subjective basis; or

b) if erbodied into the framework in the form of
autcmatic stabilizers, for a sufficiently long time
as to be recognized by the predictien formula.

In both cases, we cmsider the use of more sophisticated
models (Tinkergen, Theil) desirable. In fact, thev will
enable us to perform 'ccmparative statics' on the econony by
comparing the wvaricus outcores, oiven different policy
options (see also Sanuelscon 1965). -

As we stated earlier (Section 1.7), the choice of mocel
sophistication may be done via an evaluation of the costs
and bhenefits of various altematives. It mav well ke true
that simultaneous-equation systems tend to predict better
than simple extrapolation methods. As the latter are much
cheaper than the former ones, the choice is a matter of
trade-off between cost of input and henefit of results. The
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benefits then include the positive effects of subsequent
policy decisions. Given the limited familiarity with
analytical technicues among policy makers, there is a stron¢
argument to keep rodels relatively simple lest the results
be misinterpreted or even icnored (see also 0.E.C.D. 1972).

The use of rather simple models is preferred -- even for
tentative pclicy purposes -- if the demonstration of certain
cverall effects is more important than the exact
cuantification of all implicaticns of the mocel. As the
Econonic Council of Canada (1971) writes:

"nowledge about interrelationships and spillovers
provides a better basis for designing a program network
in which these effects reinforce, not impece, progress
towards objectives. fThere is, of course, an important
element of Jjudgment here too.. At some depth of
analysis, almost everythinag can be seen to relate to
everything else; at that point the analysis sinks wnder
its own weicht. Long before then, howvever, many sirple
but important interrelationships can bhe identified,
anticipated in the design of programs, and accounted for
in their evaluation.® - '

An example of this approach is the so-called@ Cluh-of-Rore

Medel (Meacows 1972) which investigates the earth's econoric
anc social future developrent undef conditicns of centinued
growth in output and resource use. In fact, the

Justification for this method can be found in the increased
awareness for the problems of congestion, pcllutica, and
exhaustion of the environment in all its facets. On the

other hand, thé sensitivity of the model's results to
changes in the input structure has been demcnstrated armplv,

Similarly, the 'information effect' we encowntered éurina

our discussion of economic forecasting could well change the

mcerlying relationships., Incorporation of  these two

aspects inte the main model would enabhle the development of
a set of forecasts, depending on - various 1levels of cdata

cuality and feecdback mechanisms, [27]

A very interesting experiment is performed by Bawmol andc
Quanct (1964) who accept the fact that true and complete
models are éxpensive even if they are possible to come by,
They investigate how efficient the use of rules-of-thurh
might be, using the concept of 'optirally imperfect
decisions'. Such a procedure is defined as

"a set of rules describing a decision procedure with the
following characteristics:
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a) The variables which are ermploved in the decision
criteria are obhjectively measurable,

b) The decision criteria are objectiwely cormunicable,
and decisions cdo not depend on the judcement of
indivicdual decision-rakers.

c) As a corollary to (b), every logically possible
canfiguration of variables corresponds to a
(usually unicque) deteminate decision.

éd) The calculation of the appropriate decision is
simple, inexpensive, and well suited for frequent
repetition and for spot checking by management in
higher echelecns. :

A decision process with these characteristics seems to
be desioned as the instrument par excellence of
optinally imperfect decisime-mraking for routine and
recurrent problems.,"

The authors then proceed with a simulation of the profit-
maximizing behaviour of a single-product monorolistic firm
under various assumptions re the mathematical form of the
cemancd and the cost function. Instead of expensive market
surveys and cost analyses, the firm takes just two points on
each curve (derand and cost) as historicallv ohserved, and
estimates the complete functions. The various rules (based
on the mathematical formulation, except for two naive cases
of fixed price and random price) of profit-raxirization
through price selection, are tested for each feasible case
cf certain discrete dJdemand and cost functions, Finally,
comparing the results of the rules=of-thumb with the true
profit-raximizing behaviour, it appears that several non-
optimal decisions are quite good. Although Baurol and
Quancdt do not investigate the cost side of the proklen, it
does not take too much iragination to suggest that the
degree of non=-optimality might be 1less irportant (in terms
of profits foregone) than the reduced spencding on the
decisim process itself,



6.2 The Tinbergen Model

Tinbergen (1952, 1956) centers his methodology of econcomic
peolicy aromd an ecanoretric model. Such a moédel usually
consists of

1) behavioural ecuations (e.g., consumption function);

2) technical relations (e.g., production function);
3) institutional relations {e.g., tax rates); and
4) definitional and balance equations (e.c., the

- formation of Gross National Product as the sum of
all aggregate demand items for domestic production;
the level of this year's capital stock ecual ling
last year's stock plus this year's net investment).

We distingquish between the following variables:

xt = economic variables that are not targets (irrelevant
variables) ; total: 1I;

yj = target variables; total J;

zK = instrument variables; i.e., data controlled by the
policy maker; total X; and '
ul = data, not controlled by the policy maker; total I.

Tinbergen argues now as follows:

K ana uwl, we should be able to find the

Given the z
corresponding levels for the x and yj . Indeed, when
the numberrof equaticns ecuals I and J (and assuming no
incamsistency nor dependence within the ecuation .systen
for the selected zK ang ul) the 'endogenous' variables
can be derived from the model by simply insertind the
values of the 'exogenous' variables. On the other hang,

we might be interested in determining the necessary

levels for the zK variables in order to achieve certain
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desired values for the yj. This 'inverted recuced fom'
(Theil 1956) can be obtained when J = X, or when the
number of target variables equals the nurber of
instruments (note that there are still N ecuations, and
that there are always I un'nowns because of the xi ).
[28] [29] |

It is obvious that the Tinbergen mocdel may result in a set
of alternate policy rules via policy sirmulation, each

~subject to a corresponding set of target values. (Dutch

planners refer to this list as the 'train directorv'.)

Such a program of altematives may then he presented to the
politicians who will make the most appropriate choice, given
their (and the electorate's) preferences.

The Tinbergen apprcach to quantitative econoric policy is
now being used in menv countries. Its applicabilaity appears
to be enormmous for both planned and unplanned econonies.

Yet, there are some weaknesses as acknowlecged by Tinhergen
himself (1956). One is the exclusion of uncertainty from
this approach to economic decision making. 2 second (with
ample liberty with respect to variables and 1levels) and,
subsecuently, to derive the corraspanding levels for the
instruments., Preferences beccme thus absolite and the only
trade-o0ffs allowed are those erbodied in the rocdel, ané not
in the preference function of the decision maker (compare
the cquote from Dorfman in Section 1.7). The method does not
allow optimization in the normal sense.

Ancther deficiency is the absence of true dynamics.
Predictions and decisicns are mnade on any one occasion
without reference tc possible revisions at future dates.
The Tinbergen model 1is basically a static approach to
ecaonic policy, even though dynamics (in the form of
interrelationships between time-separated variables) may be
embodied.

We will see later that Theil expends the Tinbergen model to
alleviate these problems,

As do all empirical policy models, working with the
Tinbergen version recuires a great deal of  nurerical
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information. First, thé model has to be estimated for wvhich
we can use only imperfectly measured data. Secondly, we
will derive stochastic (hence, uncertain) estimates of the
true, but unknovn parameters, Thirdly, whatever variables
are taken as exogenous, perfect forecast of their future
behaviour is impossible., 2And fourthly, we camot predict
the value of random disturbances occuring in the structural
equaticns during the prediction period.

By the same token, however, the model provides us with some
indications as to where to focus our informat ion-research.
Solving the equation system analytically, we obtain the
reduced form with the endogenous variables expressed in
tems  of the exogenous ones. By varying the values of the
exogenous forecasts, we can test the outcaie for their
sensitivity for measurement errors in the independent
variables. Similarly, we may vary the coefficients in the
structural eguations and investigate the impact on the
coefficients in the reduced fom and, hence, on the
predicted values of the dependent variables, given exogencus
pPredictions.,

Morgenstem (1963) applied this method to the "Klein T
Model" (Klein 1950). The results are quite startline,
Frequently, 'errcr elasticities' (% change in the predicted
value cf a dependent variable @ivided by the associated %
change 1in a coefficient) are substantially above I for the
cases investicated. For example, if the Marginal Propensity
to Consume (for wage eamers) is increased by 5% (from . 80
to .84), predicted Consumption, Profit Income, and Private
Sector Wage Sum - increase by 4.,4%, 10.9% and 3.1%
respectively. Having carried out these experiménts for
changes by 5% in all coefficients (one at a time),
Mordgenstem reports the following maxima and minima of
percentage changés in the predicted dependent variables:

Consumpticn: _ 8.6% and - 7,0%;
Profit Incorie: 19.5% and ~18,8%;
Private Sector 7age Sum: 11.3% and - 9,1%.

We referred earlier (Ch. 1) to the paper by Denton and
Cksanen (1972) in the field of data revision. They used
both sets of data to estimate a simple econometric model for
the countries involved, and comparcd the results. We cuote

from their conclusiens:

"There was no evident tendency for the effects of data
revisians on slope-coefficient estimates to be in one
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directien or the other; increases and decreases were
observed in about equal proportion, whether cne
considers the  actual or absolute values of the
coefficients, Howewer, in the case of intercept terms,
there was an unexplained tendency teocward increases in
absolute size." ‘

"There was no evident tendencv for the effects of cata
revisions on slope-coefficient estimates to be in one
direction or the other; increases and cecreases werc
cbserved in about equal proportion, whether one
considers the actual or absolute values of the
coefficients. However, in the case of intercept terms,
there was éan unexplained tendéncy toward increases in
abso lute size,"

"There was a strong tendency for data revisions to alter
the slope-coefficient estimates within a given equation
in different directions."

"Coefficients changed sign in ly a very small
proportion of cases as a result of data revisions."

"There was a rather modest tendency for data ravisions to
bring about improvements in the statistical sionificance
of coefficient estimates, as representecd by increases in
't-raticos'," :

"There was no evident tencdency for data revisions to
bring about improverments in the overall closeness of fit
of equations; in fact, there appeared to be a tendency
in the opposite direction."

It appears on first sight that the results of data revisions
- a rather extensive and expensive program - have been
minimal. We cannot judge their usefulness, thouwgh, if there
is no measure for the quality of policies based on the
various models., Similarly, we are wable to indicate which
revisions have been most successful in terms of ‘'social
welfare',

Within the Tinbhergen nmodel, there is no systematic approach
to solve the problem of which coefficient or exogenous
forecast should be improved first, second, etc., or
simultaneously,_by what relative amounts of money. In fact,
the absence of an explicit social welfare function in the
Tinbergen model is reflected in the inability of the model
to indicate the marginal usefulness of additional data. If
it is impossible to formulate an economic-policy optimizing
function, we cannot expect this to be feasible for an



information-efficiency function, A second-hest approach
would be the incorporation of data-gathering activities
within the model, although that would probably recuire the
specification of conficdence and prediction intervals, the
width of which would vary negatively with the amount of
research mamev, Also to be considered is the wuse of
multiplicative reliability coefficients (with ideal values
equalling 1). Based ocn results of computer-run simulations
for a number of data-cuality measures, ad hoc corparison of
cost and benefits (in terms of changes in the values of
certain variables) could talke place. Such an intuitive line
of action is quite possible without any fomalization of
decisicn or information precduction processes,

6.3 Optimization and 'True' Dynamics

Up to now, the fomulation of an optimum decision either
took place within a 'static' model (sirultaneous ecuations;
linear, nonlinear and stochastic prograrming technicues) or
within a dvnamic model composed of a seguence of such
technicdues. 1In either case, the ocptimal decision was solwved
for me peried of time and no account of the effects
pertaining to a period of tire was necessarily taken. For
the 'static' model, this is permissible, as the problers
incorporating these types were simultaneous in nature, as
well as incdependent of past decision. With regard to
dynamic prograrming models, we find that there must be an
examination of the effects of decisions as we travel the
line of time.

In the past, efforts at controlling economic forces have
been manifest as pushes in the right directios. Recent
improvements in the sophistication and accuracy of econonmic
models have allowed mcre advancec efforts to 'fine-tune' the
eccnomy. Cumulative effects of past policy cdecisions appear
as major factors determinina the developmen ts taking place
in the future. That is, as we go into greater details, the
independence assuiption regarding sequential decisions
beogins to falter, and we must accomt for these. Such is
particularly important in cases where apparently decisions
required to offset the impact of past decisions may recuire
¢reater and greater changes in our 'optimal' plan, until the
mocel explodes., A situation characterized by this is said
to have 'instrument instability’, The word ‘'instrurent'
refers tc those decision variables which the policy maker
has under control, In sw, the policies that were optimal
in the shért run of time nay turmn out to be unstable in the




- 84 -

MAnalysis of dynamic models reveals that, through the use of
the same technigues incorporated within the = modellirg
technicues (specifically the theory of expected value) , ve
can find a relation and evaluation procedure for the choice
between a policy that is flexible (short run cptimization)
and e that is inflexible (a long run optimizatien
procedure) . The decision rests on the relative values of
the variance of the estimated policy or decision variable
and the covariance between this estimate of the variakle and
the variable itself (compare Tisdell 1971 and Holbrool
1973). There is some suggestion in the literature that the
longer run policies are generally optimal; the flexible or
shorter run or fine-tuning models would then be suboptimal,

Even if we are working with models that are not so finely
detailed (so that this problem nmay not bhe relevant), we
should realize that, as we travel from decision state to
decision state in a dynamic model, we accumulate the
actualization of values for variables that were previously
estimated., This is a socurce of Inowledge that has been left
out and should be incorporated. This is irportant to us if
we are working with a relatively short pericd of tine (so
that the statistical averaging procedure of expectations is
not accurate), and if the structures that we assume to be
rigid over time (possibly because of lack of mathermatical
technicues for handling variable structures) are, in fact,
changing.,

6. 4 The Theil Model

As stated above, the Theil model (1964; see bibliography
there for numerous other publications by Theil and his
research associates) attemnpts to improve Tinkergen's
approach by adding several features. We will review the
rmodel briefly. [30]

1. The model is made dynamic in the sense that
forecasts and policy implications for several years
are incorporated.

2, A preference function is postulated, consisting of
the sum of weichted scquared deviaticns of actual
values from desired values for relevant variables,.
Preferences are thus introducec twice, viz., via
the selection of desired values and via the choice
cf weights (measuring trade-offs betveen scuvared
deviaticns from optimal patterns). '



3. The preference function is minimized (or maximized
after the introduction of a minus-siom) subject to
the constraints of the model (a la Tinkergen).
This optimization takes the form of a strateqy;
i.e., a decision rule specifying the best decision
at the beginning of each year, given the
information available at that morment, and
incorpcratina the fact that, at future decision
dates, more (2and more exact) information will be
available,

There is a very important aspect to the dynamic feature of
the model. The govemment will calculate tentative
forecasts and decisicns for a number of years, given its
preference function and available exogenous information.
. But every successive year, nore information becomes
available and the policy maker can revise his forecasts and
his decisions, Apparently, this approach coomhines the
simplicity of me-year-ahead forecasting with the need for
long-tem planning. BAs such, it is a very appropriate mocel
for indicative plamning with various feechbacks incorporated,
Moreover, it enables the plariner to be more ‘risky'.
Pessible errors in policy judgement are reversihle in the
future.

Theil gces into many details regarding the varicus levels of
uncertainty in the model: '

the constant tems of the model (which include the
stochastic disturbances for the prediction periods) , the

multiplicative coefficients of the mocel, the
coefficients of the linear and the quadratic parts of
the preference function. In fact, for each and every

element of uncertainty, a 'loss function' can ke
derived, expressing the dJdecrease in the value of the
preference function from its maximum because of faulty
information.

From the viewpoint of information policies, the Theil model
is very useful. Since 'welfare losses' due to irperfect
specification and information can be <calculated, these
values indicate to an informaticn-gathering institution
where and how much services should he improved. Obhviously,
the introduction of an explicit ochbjective function not only
allows the economist to find the strateay maximizing the
policy-maker's preferences, but also to gain insight as to
where the most beneficial measurement improvements may be
applied,



Feflecting briefly on the applicability of this model for
resourCe management policies, we nust say that its
application could be beneficial, Too many debates re the
develoment of national energy sources, etc.,, take the form
of now, in 20 years, or never. Careful manipulation with
Theil's model might enable the decision maker to indulce in
a piecemeal approach. Of course, such a method becores less
attractive whenever irreversible actions are involved@.

6.5 Same Peflections cn Theil's Model

This section will bhe devoted to some criticisms and
extensions of Theil's mnedel. We do not «claim to bhe
canplete, but merely to make some interesting observations.

As was to be expected, a major point of debate has been the
quadratic form of the social welfare function. Indeed, the
syrmetry implies that a deviation from the desired target in
downward direction weichs as heavily as a deviation upward,
e may question this procedure in cases like (un) employment
and rate of inflation. Theil anticipates this criticism in
his mz jor work en the topic (1964):

"These questions as such should, of course, receive an
affirmative answer; but the point is that they are ncot
re levant, A quadratic social preference function can,
in general, claim no validity for arbitrarily large
variations of its arguments and the sr 2cifications have
been made, partly at least, on the basis of an idea of
the actual range of variation that may reasonably he
expected. This implies that our preference function
does not measure ‘'pure preferences': it approximates
these in the relevant range, and what is the relevant
range is determined by the decision made. Now the
decision made is the one whi.ch maximizes the
approximating preference function or its expectation,
subject to the constraints. Hence, our cuadratic
preference functien is indeed 'irpure' bhecause it
contains elemehts of the constraints, Also, the fact
that the decision made and, hence, the relevant rance of
variation of our variables depends on the preference
function which irplies a certain amount of circularity
in the argument; the preference function cho sen
detemines the relevant range, and this rance determines
the way in which this function is approximated. As long
as the quadratic approximation is not very sensitive to
changes in this range, this is not serious; but it shows
that the procedure followed is partly an art, partly a
science."
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This statement meets the subsequent critique hy Fromm and
Taubman (1968) that targets should be selected so as to lie
on the 'production possibilities frontier’, They also
suggest that interaction terms (the product of deviations
from their respective targets of two variables) should be
included. 'This is anticipated by Theil, indeed; the dJdesire
and (possibly) need for simplicity induce him to delete
these terms, thcugh.

The cuality of the constraints plays an important role in
the validity of the optimal decision. But, as Theil writes:

"The statistical theory which underlies the estimation of
the coefficients of a nmodel proceeds under the
assumption that the form of the equaticns is specified
correctly; but it is, in general, unkncwn whether a
specification is correct or not, and the usual procecure
is to experiment with many altemative specifications
and to choose the one which seers mos+t satisfactory on
the basis of some more or less well<defined criterion.
It will be clear that it makes ho sense to devote
considerable resources to a refined specification of the
preference functicm as long as the specificaticn of the
constraints is in bhad shape."

The latter argument cannot be valued too hichly, fTheil's
nocel does not just indicate the optinal policy to be
followed, It also indicates to the researcher, whese task
it is to provide the decision maker with the proper
informatien, where improvements in the system can be applied
optimally (in the sense of a higher =- or less subject to a
'welfare loss' -- preference function).

We have emphasized that sophisticated mocels are, ideally,
to be preferred to rules-of-thumb, and as Ball (196€3) states
it, "ammchair attitudes". The crucial cuestion is whether
better decisions can be reached along altemative routes.
As Theil writes in the same context as above:

"By now, perhaps, the reader's difficulties will have
increased rather than decreased. What to say ahout a
method of malking decisions whose two comerstones -
preference function and constraints -- compete in the
‘poorness of their quality? Should we have any illusions
about the quality of such a decision? Again, these
questions are sound as such, but not conpletely relevant
for two reascns. TFor one thing, it is not unreasocnable
to compare the cuality of this decision with the way in
which similar decisions are made in practice; and it is
not unreasonable either ¢to expect that it should he



possible to cbtain better results. For another, the

theory developed here enables us to corpute the losses
associated with erroneous specifications of the

preference function and the constraints, and such losses
form a direct indication of the way in which research
efforts can be spent usefully, Particularly also
because of the first-order certainty equivalence result
«e. wWhich suggests that errors in the rultiplicative
structure of the constraints should be considered more
serious than e¥rors in the coefficients of the
preference function."

Several authors have expanded@ the Theil medel. Van de Panne
(1965) makes the following ohservation:

"This (i.e., Theil's: JIV) methoé is corputationally
efficient in e particular case. If the coefficient
vectors and matrices of the constraints have a reqular
structure, which means that corresponcing coefficients
for different periods are the same, apart from initial
and final effects, and if the number of periods taken
into accowmt is infinite or very large, the optiral
decisicns for the peried immediately ahead are always
the same linear functions of the mathematical
expectations of unknown variables for the periods ahead
and of variables of past periods. ‘The paint factory is
a good exanple of this. Optimal work force and
production decisions for period t are linear functions,
independent of t, of unbiased sales forecasts for the
periods t + 1, t+ 2, ..., and of inventorv at the end
of period t = 1, In the general case, however, this is
not wvalid; if the number of periods taken into account
does not approach infinity, or if the structure of
coefficient vectors and matrices is not reqular, or if
both, the whole problem must be reformulated in order to
determine optimal decisions for a later period."

He then attempts to adjust Theil's model for this
Ceficiency. We quote his summary:

"In this paper, an expression is ceveloped which gives
explicitly the decisions for each pericd of the optimal

strategy. This expression is useful in all ¢ases when
the proklem does not have a recular structure and an
infinite horizon. The explicit forrulatien of the

decisions of the optimal strategy makes it possible to
derive another formulatien which relates the optimal
decisions for a certain pericd to decision errors mnade
in previous periods. More precisely, an expression is
derived which states that the cptimal decisions for



- 89 -

period t, given the information available at the start
of that period and given the decisions for previous
periods, are equal to the optimal decisiens for pericd t
if all previcus decisions had been optimal plus a linear
corbination of decision errors made in previous periods
as perceiwed at the start of period t. A decision error
for a period t', t' . t, is defined as the difference
between the decisions for period t' based@ on the
infomation available at the start of perioéd t', given
the decisions for pericds prior to t', and the decisions
for period t' which would have been optirmal given the
information available at the start of period t and given
the decisions for periods prior to t'. The resulting
formulation may be called a feedback rule, since it
relates differences of decisions from the vector of
cver—-all optimal decisions to past decision errors.
This relationship is a linear one; the matrices of
feedback coefficients are built up from submatrices of
the so-called substituticn matrix of the instrurents,
and are, therefcre, easy to derive."

In an -attempt to cut down on data requirerents of Theil's
model, Xunstman (1971) analyzes the possibilities of
truncetion of lohg-term decision medels, using an ohjective
function which is linear in the target variables only, and
cuadratic in the instrurents cnly. Moreover, the approach
is deteministic rather than probabilistic, Truncation is
performed on the objective function through the replacement
of part of the objective function bv linear terms, 1linking
the omitted temms with the rermaining part ~f the model. He
shows that such a procedure, which makes +the model rore
manageable and more uncerstandable fo6r the non-econormist
policy maker, leads approximately to the same first-period
decision as the nontruncated model, Moreover, the results
appeared to be quite insensitive to chances in the
coefficients in the objective function and in the applied
data. Kunstman's results would indicate that comrplicated
rodels may well be tumed into 'rules-of-thumb' by means of
this method of truncation.

Wennekers and Harkema [31] are reported to have tried to
deal with the additional information about the parameters in
the cmstraint model, as it became available during each
cdecision period. If the accuisition and incorporation of
such information could conceptually be erkodied, another
strategy element might be added to the Theilian decision
rules. Unfortunately, they ran into insoluble computational
problems, except for the case of a two-period decision
problem with a loss functien linear in the target variables.



The Theil - Van de Panne model comes close to the process of
'adaptive decision making', whereby chcices are being macde
using (and anticipating) curulative experience of 'doing
while learning' (see Murphy 1965). This is not the place to
describe these models in detail. We will restrict ourselves
to the following listing from Murphv who concludes from his
camparison of social and biological processes:

"First, in taking an actieén, we see that, at any point in
time, an adaptive system can move off in any one of many
directions.

Second, we find that a move in any of theseé directions
will cause a change to the system and perhaps its
environment, This change becomes part of a record, the
historical record of the system which is unchangeable,

Third, there is, in each adaptive process, a choice or
decision-making function. With knowlecge of the
historical record and an evaluation of the effect of
each action on the present and future states of the
system, the decisicn-naking finétion chooses one of the
altemative actions.

Fourth, following the taking of an action, the systen
may or may not achieve the anticipated result,
Uncertainties in the environment or the effect of the
action may cause the system to move in a directiem which
was unintended, :

Fifth, if the result was un fortunate, there is no
recourse, The only corrective measure is to - re-
establish the above sequence of events all over again,

Certain fundamental notions will bhe recuired to
forrulate adaptive processes.

1) A rmodel of an adaptive process rust he a secquential
time process since uncertainties on the environment
make success difficult to obtain and hold.

2) We must find a way of treating the in formation
contained in the historical record. Thus, a
concept of informatién will be an irportant noticn.

3) We must have a stochastic representat ion of the
effects of the system's environment which, as we
see above, plays a vital role.
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4) The role bf the decision-making function must bhe
made explicit., [32]

5) We note that only one action is to be selected out
of many possible altermatives. How this one action
is selected is a fundamental notion with which we
rmust deal.

6) We must specify the ways in which the structure of
the system is changedé by each of the possible
actions and the possible effects of the
environment,

A mathematical model is the best way to provide answvers
to these “undamental recuirements for the study cof
adaptive processes,"

is obvious that these types of models can be used cuite

effectively te reduce -- throuch the concept of 'doing while
leaming' and vice versa -- the amownt of information needec
in the early stage of model developrent and decision makinc,



CHAPTE R

CONCLUDING EREMAPRYS

We suggest that the large expenditures connected with model
building make reéflection on their social usefulness
necessarv. Economies can obviously be reached through
careful selection of a model, incorpcrating its implicit
need for information, and comparing costs with benefits.

Cn  the other hand, some funcdamental problems rerain
unresolved pertaining to the rultiple - indeed limitless -
applicability of gathered data. The best we can suggest is
the estimation of truncated and/or discounted future
benefits which can potentially be derived from information,
initially gathered for scme specific purpose. TFactors tc be
considered in the process are concerned with generality of
the observations with resrect to, e.g., time afid location.
And to make our cenceptual problems even nore complex: the
efficiency argument should be applied to this estiration of
future applicability as well. :

Yet, it is better to conclude that the gained insicht is
imcamplete, rather than overlooking the problem of
infermation efficiency corpletely - as is often cone.
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(1} There are estimates that this stock doubles every 7
- 10 years. ‘
| ‘ (2] See also Griliches (1970).
(3] "It is desirable to set forth systematically the
relationship of such terms as 'observaticn',
'statistics', ‘'evidence', etc. Our use may not

find general acceptance, but, in order to achieve
precision, clarity of the terminology is essential.
The ordering of the concepts is illustrated in Fig.
3. A is the body of data consisting of gathered
(numerical) statistics; B represents other data,
such as historical events or (now) non-reasurable
data; e.g., 'expectations'; C is the theory based
partly on A and B, as well as on deductively
obtained facts (perhaps not accessible to direct
observations; this class may, as yet, be empty in
"~ economics). The intersection of A and C, and B and
C,. and, if it exists, of A and B and C, is called
scientific information which is FThus made up of
quantitative cbservation (i.e., the intersection of
A and C) and description (i.e., the intersection of
B and C). Data are thus a much narrower Goncept
than scientific information; the latter alone is
relat ed to theory. Data became scientific
infofmation anly  through this connection,
Otherwise, they are nothing more than possible
- building stones for theory. Should they ever be
used, they assume a state characterized by the
relation into which they énter with other data and
their explanation by the ‘thecry. Most econoric
quantitative (statistical) data are of the class A
minus: C type; i.e., they are represented by the
" non-shaded area of A in Fig. 3. While they may
illuminate something, they do not do this
automatically. These data, as such, tell no story,
or they tell many different and conflicting stories
simultaneously; either condition is equivalent to
the ‘lack of a theory. :

(Figure 3. Data and Scientific Information)




[4] "Ior purposeé

the state

of easy reference, let us call these
two kinds of informaticn, respectively, informaticn
as to the nature of the systen and information as
to the state of the system. By information as tc

of

the

yster, let us mean the

statistical measurements vhich reveal the current

situation

of

the

nation or econcry, such as

population data, price indices, and measures of the
level of business activity. By infoermation as to

the nature of the systen,

let us mean the basic

conceptual model or understanding which serves as a
guicde tec tell what dimensiens of the nation, or

scciety,

Oor econony

should be measurec and how

these measurenents should be interpreted in making

decisions., Th

the system
conceptualizations

is

information as tc the nature of

includes,

of course, both the

_ themselves and the extensive,
quantitative measurerents vhich are required for
valid conceptualizations."

"It is the jcb of statisticians, in ccoperaticn with

other scientists,

our attempts

dealing

with

the

to preovide the two kinds cf
informaticn neeced for effective self-cuidance. 1In
the United States, and I suspect also in Canada,
te provide koth kinds of information
have not been equally successful. Ve are doina a
far Letter jobL of collecting informaticn about the
state ©f our nation than we are of ocbtaining cata

nature of our naticn ancd

developing valid generalizations and theerios based

on these

cata."

"This weficiency

nature of

slowly,
the case.

would

cur natiocn
but the evicence
Our society is

be serious enough if the
were static or chancing
suggests that this is ncot
growing fore corplex at

an accelerating rate, This mnakes it even more
important that we take the Necessary steps to
achieve and maintain fairly con tinucus
understanding of the basic nature of the natien.
As statisticians, I believe we have a najor
respensibility, along with cur scientific

colleagues,
fundamental nature.

to learn rmuch nore akout our society's
7ithout wvalic uncerstanding

and correct conceptualization of the nature of our
scciety, we cannct }now what neasurenents to chtain
nor how to interpret these statistics correctly,"



We will meet the distinction between state and
nature later in this paper when we are dealinag with
the degree of sophistication of economic models.

(5] "Thus, since there exists no intearated svstem of
thecry in any one area, he it phvsics or econorics,
there are sinultanecusly several degrees of
acceptable levels of precision of measurement. In
physies, it 1is possible, for example, on the the
hand, to have a rmeasurement of _Ege 'Ritchie
constant' with an accuracy of 10 , but on the
cther, to know the ace of the earth anéd of the
universe onlyv approximately, with a deviation of
several billien years, and to make acceptahle
cross-section measurements in nuclear phvsics with
enly a 50% (!) accuracv. In the overall, a
neasurement in physics with 10% accuracy is a very
good measurerent. The reader should compare this
with the alleced ability of the economist to
measure changes in national income, consumers'
spendable income, price levels, imports, etc., to
an overall accuracy of ten tc -one hundred times
better -~ even in the average."

"Newtcn established the law of aravity and verified
it with an accuracy of about 4 percent (it was
later proved to be accurate to ahout 1/10,000 of
one percent). '

[E. P. Wicner, 'The Unreascnable Effectiveness of
Mathematics in the Natural Sciences',
Cormunications on Pure and 2Mpplied Matheratics,
Vol. ¥IIT (1960), p. 8.

This brilliant paper micht well bhe studied by
anyvone concemed with clatrifyinc in his nind the
role of theory formation, and to see in varticular
hew 'false theories ... qive, in view of their
falseness, alarmingly accirate descriptions of
croups of phenomena'.]

We conclude fromn such shining exarmples in the
history of phvsics that the &conomnist need¢ hnot
cespair that good, workable theory is impossible
wmless the data are of the presently alleged high
accuracy which even the phvsicists now do not enjoy
in general. But the theory will loo! different
from what is now being advanced."



"Theories can be classified accordine to the
requirements they make upon the cdata with which
they are concerned; sore are cemandince, scme are
not. But, in each case, a clear evaluation of the
situation rust he made since, otherwise,
meaningless asscciaticns are established."

"Fer example, while it micht be desirahle to have
simple nodels of the economi¢ worled, there is an
anachronism of proposing naive Fevnesian models of
only a few variahles, yet to insist that the data
to which they are to be applied -- agagrecations cof
vast scope -- be known to hundreds of one percent
accuracy when, in fact, the second digit is already
in doubt. This will chance, of course, In less
time than a generation, one will woncer how such
proposals could ever have been taken at face
value,"

[6] Canadian econoriists and policy makers still have to
work with the 1961 Input-Output Table. Given the
structural changes in the Canadian eccnomy;
decisions hased o these outdatec ficures may well
be off-target,

[7] Zellner (1958):

"Provisicnal quarterly estimates of 16 items in the
national accowmnts have been compared with the rost
thoroughly revised estimates currentlv available,
The corparisons made in this study reveal that
previsional estirates of iters estimated by the
residual method and of items vhose estimation rests
heavily on infrecuently available benchrarly data
tend to he characterizec by larger percentage
errors in the level and armount of chance than are
the provisional estirates of other items
consicered, Perhaps in ' the future the situation
with respect to these items will he improved since
G. Jaszi has written:

'Impressive progress has been made with the
sampling surveys which are used 3in the annual,
cuarterly, and monthly extrapolation of the
benchrark ficures. Larger areas of the
economy are covered by such survevs than ever
hefore and they make it possible for us to
prepare estimates on an up-to-date basis.'



Also, it is possible that the improved rethods to
which Jaszi refers may correct the consistent
biases which were discovered in the provisicnal
estimates of personal consumption expenditures,
personal consunption xpenditures on services and
noncdurables, and new ccnstructiocn expenditures for
the period 1947 II - 1955 1IV.

While errors in showing direction of quarterly
change c¢ccurred freguently for some items (see
Table 62), 8 of the 1€ items considered showed 5 or
fewer errors in 34 quarterly changes. This good
showing, nowvever, must be tempered by the fact thet
a sizable proportion of the errors in direction of
chancge occurred in the neighborhood of cyclical
tuming points. For example, whereas provisicnal
estimates of aIP disagreed with revised estinates
cn direction of change in only 5 cases, these
occurred at. the lower turning points of the 1948-
1949 and 1953-1954 recessicns."

Stelkler (1967):

"This paper has examined an issue which is inportant
to all users of the data in the Iiaticnal Inccre
accounts: Do the earliest published incdications cf
changes in JIP and its cemponents provide
informaticn which is useful in the interpretation
of eccnoric trends? Or are those fiqures so
inaccurate, as lorgenstern has suggésted, that
subsequent revisions reveal that the true movements
were radically different frem those which were
initially reported?

Our analysis has revealed that:

(1) while the estimated quarterly changes in GJP

(and components) as measured by the
provisicnal data aiffer from the final
figures, +the estimates have improved over
tire, Moreover, the small number of turning
point errors in the overall GIP provisional
data and the relatively small quantitative
errors indicate that the early data present an
approximation of the true pattermn of econonic
rovements,

(2) The advance figures, vhich are released cne
month earlier than the provisional data, have
somewhat larger errors than the later fiqures,



(3)

(4)

but they do provide useful predictive
information., Moreover, a large percentage of
the revisions which occur between the release
of the advance and provisional data are
wmsuccessful, thus indicating  that little
advantage is to be gained in interpreting
econonic changes by waiting for the later
data.

An  analysis of the temporal discrepancies in
the year to year chandges in the Haticnhal
Income Series indicates that the pattern of
data revisions is such that the data provice
meaningful information (and not a wide degree
of uncertainty, as Morgenstern hes suggestecd)
~bout the movements which actually occurred.
There was little difference betwveen the
maxinum and mninimun reportecd changes and the
actual moverents,

This combined evidence indicates that the
earliest published indications of chianges in
Gip, while likely to be revised, are
sufficiently accurate apprexinaticns of the
actual movements to be useful for economic
analysis,"

Stekler (1970):

ll(l)

(2)

(3)

When the earliest data are comparec, the
secand month's figures generally correspond
more closely than the first month's to the
third month's data; here the trade-off is
significant. »

In the bhest series, however, the errors
assocCiated with the early data are 50 per cent
of the changes in the final cata. This error
ray be as high at 100 per cent for sorme of the
peorer statistics. Moreover, the direction of
revenent indicated by the early and final sets
cf data differ in 20-50 per cent of the
months.

armong  the early data, the errors in the best
series were 30 per cent of the change, and
turning point errors occurrec¢ in 7-15 per cent
of the menths. Other series hac substantially
larger errors. 'The errors in these uncderlying




data are tronslated into the contemporaneous
GNP accounts,"

H. Glejser and A. Dramais:

a)

c)

d)

e)

tthereas clear differences exist in the
distribution of revisions, as between
developed and underdeveloped countries, hich
or low rates of growth seem to be ecually well
(or badly) estimatec at all stages.

It could not be cdetected that the availabilitw

of census data brought about mnore radical
revisions than those of routine and plain
crash-attack on previous estirates.

The first estimate of the GIP rate of change
contains a systematic negative bias in a great
number of countries, This may be due to
various reasons, ranging from conservatisr in
the &bsence of definitive information about
some GNP ccriponents to the fact that an upward
revision 1is politically more comfortable than
a dovnward cne. ‘

As far as the  test used is trustworthy, an
impreverent in cuality over successive
estimates (reckoning from the third) seems to
be present, but teo a relatively small extént.

The magnitude of the revirions did not vary
linearly over the period considered.

He who wants to forecast the 'last!' (i.e.,
fifth) revision of the P figure for one
given year t has to wait - vhatever the
predictor chosen - until year t + 3 to ohtain
a recduction in the mean square preciction
error hicher than 60% with respect to the
naive assumption of a zero-revisien."

Denton & Oksanen (1972) :

lll'

Naticnal accounts data revisions in the 21

countries studied were highly variable. In
the case of GIP and some of its major
components, including consumpt ion and

investrent, the revisions were predominantly
1n an upward direction. The tendency toward
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upward revision accords with the findings of
other studies,

Pevisiens were found to be highly correlated
between variables, in some imrportant cases,
thus casting doubt on the advisability of
assuming measurement errors in economic tire
series to be incependently distributed.

Theil (1965) :

"The

analysis deals with (largely) the same

variables and the same period as those of the two
preceding chapters, but it focuses on series cof
seven successive forecasts and estimates of the
values taken by each variable in each year. Two of
these seven are made befcre the beginning of the

year

('true forecasts'), two during the year, and

three after the end of the year ('true estirates'
of past realizations). The last of these estimates
is taken as the correct or 'true' value. The main
conclusions are the feollowing:

(1)

(2)

(3)

The frequency of turning point errors of the
first forecasts ('stage 1'), which are macde in
September of the preceding year, is about 20
per cent. This is recducecd by ahout one third
in stage 2, which is the set of forecasts mace
ir December of the prececing vyear. It is
further reduced in stage 3 (September of the
year itself) and also in stage 4 (Decerber) ,
after which the frequency of tuming point
errors rerains roughly constant at a level of
about 3 per cent in stage 5 (September of the
next year) and stage 6 (September of the year
thereafter) .

The bias tcwards underestimation of changes is
censiderable for stace l, the nurber of
umnderestimation cases exceeding that of the
overestiration cases by a factor 3. This bias
decreases gradually in the later stages and
can be regarded as no longer existing in the
last two. '

The RMS (Root Mean Scuare; JIV) errors
decrease gradually from stage 1 onward until
their level in stage 6 is of the order of one
third of their stage 1 level. However, nost
of this decline of uncertainty talkes place in



(8]

[9]

(10]
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es (which are all forecasts

the first four st _
made before the end of the

and estimates
year) .

Foled
-1
ad

(4) A revision is cdefined as the predicted cor
estimated log-change of some stage minus the
corresponcing value of the preceding stage.
It tums out that the mnajority of these
revisions were successful in the sense that
they reduced the error in absolute value.
Hevertheless, they could. be irproved by
applying simple linear corrections. The
forecasts of stages 2 and 3 would generally
have a snaller error if about 1 per cent is

added, The estimates of stages 5 and 6 would
be improved cn the average if enly half of
their implied revision is accepted. The

former result is primarily due to the bias
towards underestimation of changes, the latter
te the fact that a majority of the revisions
is either in the wrong directicn ér in the
richt direction but too large."

It appears that a smart investigater will he able
to deduce market shares from the product of the two
matrices involved; i.,e., the market share ratrix
and the technology matriz:,

O0f course, whenever a relatively large area is
involved, nothing should prohibit Statistics Canaca
from making microe data directly available to the
researcher. Crucial is whether or not the original
supplier o¢f information c¢an be icdentified. See
also Holt (1971).

Stigler's 1961 article has been followed up by a
nunber of interesting studies. See, e.g., Sticler
(1962) , Rees (1966) , HNelson (1970) , Alchian (1970),
Alcaly (1971), and Hirshieifer (1971).

Cf a nmore abstract nature are a series of papers
Cealing with the role of infeomation in general
equilibrium problems in eccnomics. See, e.o.,
Nartin (1964), Davis & Whinston (1966), Jenner
(1966) , lleuberger (1966) , Hurwicz (19€¢9), and Albin
(1971). 1Interesting (and of increasing degree of
difficulty) are articles by Marschak (1954, 19¢6,
1966, 1969, 1971, 1972.)
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Another contex in which the exnression

‘ 'information' is currently keing used is that of
'infeormation theory'. The main publication re
economics is Theil (1967). Unfortunately, this
branch deals primarily with the reduction in
uncertainty bv means of messages and not with the
content and usefulness of the messages themselves.
Althouch we cannot exclude the pessibility of
successful intecration of information theorv into
econcnic decisicn processes, we have not heen able
to discover or develop such procedures.

[11] Theil (1963) developed a similar mnodel for the
cptiral amownt of research. In fact, he uses the
same model for macro—-econoric decision-making; see
chapter 6,

[12] It is interestinc to note that these results were
based on only two assumptions, i.e., the existence
cf the pgopulation mean M and of the population
variance V¥4

Mande lbrot (1963, 1967) has shown that some
economic phencmena can be characterized by
distributions withcut a finite variance. This
implies that classical statistical methods are not
applicable. Granger and Orr (1972) give the
fellowing swgestions for handling such cases:

1. Transform the data to rerove the prohlem of
long tails;

2. Discard current techniques based on least-
squares criteria, which include nearly all
current methods, and attempt to derive new
nonpararmetric technicues; or

3. Continue to use classical methods and either
hope, or show, that those me thods are
sufficiently robust (insensitive to the fomm
of the distribution; JIV) so that they aive
meanincful results even for data for which the
possibility of infinite variance must he
seriocusly acknowledged,"

[13] e assume that only unhiased estirators are
consicered, This is not strictly necessary. We
night well prefer a slightly biasecd estimator, the
distribution of which is very closely concentrated
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[15]
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arownd its mean, to an wnbiased cne with thick
tails, makinag any outcome highly unreliatble.

From a study by Denton & Kuiper (12€5), it may he
concluded that the choice of estimation procedure
has 1less influence cn the parameter estimates than
revision of data. Although it does not concem
here a problem of either/or, such a statement mav
help the researcher determine his line of action.

Thére 1is a conceptual problem in this approach,
which may be illustrated as follows:

For the least-squares case, the ohjective
functicn takes the value l/§:(Xi - f)z in the
optimum, i.e., this is the value of the
chjective function after the optimizing
expressicns of the arguntent variabhles -- here
the ccefficients A and B == have been plucaged
in, The X; values which lie farthest awav
from X have the greatest marginal influence o
this optimurn, Once the sample h=2s been

observed, however, these X values are

1
consicered fixed and measured without error.
If these assumptions are correct, no improved
measurement of X, will result in different
values for the optimum. If the latter does
happen (which is guite likely) , the
nonstochastic assumption about the Xy- s \is

cbviously inaccurate; they are subject to

measurenent errors after all.
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[17]

{18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]
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See Wornacott and Wannacott (1970) for the
possibility of testing for optimal specification
within the framevor). of the k-class estimators.

T™is is often interpreted as a decision to consicder
the paraneter as a stochastic variable rather than
as an (unknown) constant. Such an approach is not
strictly necessarv; the true valuve mav well he
accepted as being fixed., The prior densitv just
specifies the environment in which we thin) the
parameter truly lies.

In cases where the posterior é&.f. is "hormal", the
mode, mecdian, and mean coincide.

For some reflections. on Bavesian versus non-
Bayesian methods in statistics, see Zellner,
Pothenberg, and varicus discussants in Intriligator
(1971).

In terms of entropyv -- see Goldran (1953).

See Winkler (1967) for problerms of ass<essment of
prier distributions in BeveQ1an analvsis.

See Wonnacott and Wonnacott (192€9).

Soretimes stopping rules are "non-informative";
i.e., the Bavesian inferences ¢o not Cepend on
whether cr not the 'stoppina probhability is
introduced explicitly into the statistical
analysis., See Roberts (19€67) for an investigation
of some examples.,

Maller and Pelupessy (1971) have applied Leontie®'s
approach to air pollutlon problems along the final
30 mile stretch of the Rhine, west from Rottercam.
See Netherlands Central Planning Bureau (1972) for
an extremely refined and useful analysis of water
pollution.

See, e.c., Tvbout (1970).
See Chow and Meredeth (1969):

"The major underlying assunpticns of linear
procramming that limit its applicability are:

(1) that all mathematical functions be linear
functicns and this, in tum, assures that the
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[28]

[29]

[30]

[31]

[32]
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measure of effectiveness and resource usage
must be proportional to the level of each
activity concducted individually;

(2) that the total measure of effectiveness and
each total resource usage resulting froém the
joint performance of the activities rust ecual
the respective sums of these cuantities
resulting from each activitv being conducted
indivicdually;

(3) that it is permissible for an ortimal solution
tc contain fracticnal levels of resource
usage; and

(4) that all of the coefficients in the linear
programning model are known constants.

See, e.g., Oerlemans, 1972, et. al. , for some
further experiments. '

Mberg (1967) makes the interestine ohservaticn
that, by this procedure, Tinbergen makes the target
values eXogenous and the policy variakles
endegenous. This has important consequences for
the statistical estimation procedure of such a
nocdel if historical ohservations are heing used
cenerated by this procedure.

He then suagests to wuse the policvy @oals as
exogenous variables in the estiration bprocedure,
Unfortunately, this can be done enly if these aoals
are explicitly given. In reality, the actual
outcome of the target variable is reasured, rather
than the intended wvalue. We suggest +that this
problem can Dbe solved (within the context of the
Tinkergen approach) bv expanding the model with a
set of equations describing the planninea portion of
the economic policy formulation.

We will disregard the probler of upper anc lower
limits on certain variables (e.q., employment
cannot exceed the availahle labour force:; brices
camot be negative),

See for a very lucid description Theil (196€5).

Fconometric Institute, Hetherlands School of
Iconomics., WMo final paper available as vet,

Marphy's text reacds ‘explicitly’',
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