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Summaty

Throughout the 1970's Corporate Managers, among others, have had a
aeed to undersrand better the economic environment in which they operate. It
is 2 need that was not so apparent in the two previous decades when the world
economy was evolving along a relatively stable path. Since then we have
entered a period of instability and uncertainty which has made the running of
a company increasingly difficult. In this uncertain environment Corporate
Managers have found that they can no longer rely, in the way that they used
to, on the professional economic forecast. They have an increasing need to
understand the assumptions on which it is based, their relative {mportance,
the way different parts of the economy interact and to monitor for themselves
the extent to which these assumptions remain valid as time progresses. In
the UK there is always a dialogue in progress between industry and Government
although it fluctuates in intensity over time. The pursuit of that dialogue
in the pre§en£ climate 1s often hampered by the lack of a shared framework of
understanding ~ a framework through which disagreements about principles,

causes, effects, etc. can be explored.

In short - there is a need for a model. There are, of course,
already many economic models in existence, but the need here is for a model

which promotes understanding and aids communication; not a model for
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economists ~ but for the well informed layman. Conventional large
econometric models, because of their technical opacity, have little to offer
to the solution of this problem. The System Dynamics approach, or something

conceptually related to it, seems to hold out more promise.

The paper describes a model of the UK economy which is being
developed to try to meet these needs. It 1is not intended as a forecasting
tool, although, hopefully, better forecasting might 'result from its use. The
prime objective is the promotion of undefstanding and the improvement of

communication. Within this prime objective the development of the

model has been constrained by a number of guidelines:

(1) It must be a model of the economy, not of the Natiomal Accounts.
There is more to economic life than 18 measured and reported by the
Government's statistical service. A set of National Accounts (albeit

simplified) should be juét one of the output documents from such a model.

(11) .It must differentiate as clearly as poésible between the physical
entity that is the economy and the human behaviour processes which determine
the way it operates. It 18 the author's belief that the deécription of the
physical strucfure is the most easily achieved phase of the modelling and
that it then provides a firm foundation upon which to build the much more
contentious representation of the human behaviour processes. This
differentiation 1s, therefore, aimed at focusing attention and argument on

those aspects of economic life which are wost open to question.

(111) It must represent decision making processes explicitly, modelling



thew in terms that are recognisable to the decision makers themselves. It
must permit each identifiable group of decision makers (a decision centre) to
have its own objectives. These objectives need not, indeed often will not, be
compatible one with another. Each decision centre will base its actions on
different flows of information. It will never be possible to model the fuli
complexity of a decision centre's behaviour. There may be circumstances in
which greater learning can be achieved by not even trying, and by
‘substituting one or more real persons for programmed algorithms and operating
the model in an interactive simqlation or game playing mode. ‘To th;s end
attempts,;rg being made to improve the man-model interface by exploiting high

quality colour graphics.

(iv) It must strike a balance between excessive complexity and over—
simplification. Large, complex models are not good aids to understanding and
communication - although greater complexity can probably be tolerated where
it is expressed in every-day terms. There are complementary dangers,
however, in oversimplification. The world is complex and there will be
occasions when that complexity will lead to unexpected behaviour. The aim
must be to reduce the number of those occasions to a minimum without

—

defeating the prime objective.

(v) It must allow for inevitability. Some factors that &reAlikely to
influence economic activity, e.g. demographic ones, are already almost fully
determined for some years ahead. Similarly, decisions are heayily
constrained and it may only be possible to bring about significant change

over a period of years.
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The model is directed towards an understanding of the meéhanlsms at
work during the business cycle of between four and five years duration. Its
time hotiéon is therefore no greater than ten years, with the main emphasis
on the next five- It is frequently argued that cycles of longer period than
the business.cycle exist, e.g. the 50 yéar long wave. It is not intended
that this model shoﬁld capture in detéil the mechanisms producing them.
However, their role in determining the underlying trend must be recognised,
and their effects incorpor#ted exogenbusiy, perhaps by tefefence 'offline'.to

other models designed to look at these more distant horizons.

In the first instance the number of decisfion centres has been limited
to six: Households (in aggregate), Trading Companies (with no distinction
between public and private ownership), Governmenf (as administrator and
supplier of public ‘services), Financial Managers {who 1invest the financial

surpluses of Households), Banks (as creators of credit) and Overseas.

Each of these decision centres attempts to manage a set of resource
networks. The systems currently represented are the stock and flow networks
for Money (readily realisable purchasing power), Financial Assets (long term
lending), Goods and Services (distinguishing between perishables and
durables), Fixed Assets (plant, machinery, building, etc.) and People. The
term "manage” is defined to include the formulation of objectives (e.g. the
Government's desired inflation rate), the collection of relevant information
(e.g. Companies' profit and loss accounts), the making of decisions and the

taking of action (e.g. Households' ordering of goods).



The whole system can usefully be tﬁought of as a set of planes
stacked vertically one above the other. The tollmost planes define the
decision centres and their objectives. Each of the lower planes contains a
represeatation of the stock and flow network of one resource, the stocks
being identified by ownership between the decision centres.. Resources do not
flow between planes; each plane represents a conservative (where
appropriate) sub-system. Information flows upwards to the decision centres
so that the state of thg relevant parts of the economy can be monitoréd and

compared with the objectives. Action then flows vertically downwards.

- .
The full paper concentrates on the conceptual framework for the model

rather fhan the results. It describes in more detail the overall structure,
and the way in which the physical description of the economy and the decision

making processes governing {ts behaviour have been modelled.
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1, INTRODUCTIONA

Throughout the 1970's Corporate Managers, among others, have had a
need to understand better the econoﬁic environment in which they operate. It
{s a need that was not so apparent in the two previous decades when the world
economy was evqlving along a relatively stable path. Since then we have
entéted a period of instability and uncertainty vhich has made the running of
& company increasingly di;fieulte In this uncertain environment Managers
ha#@ found that they can no'longer rely, in the way that they used te, on the
professional @gcnoéic forecast. They have an increasing need to understand
the assumpsiqng on which it is based, their relative importanee, the way
different éattg of the_eeoneﬁy interaet and to monitor for themeelves the
extent to which these assumptions remain valid as time progresses. Im the UK
there 1s always a dialegue in progress batween industry and Goverament,
glth@ugh it fluetuates in intensity over time. The pursuit of that dialegue
in the present elimate is eften hamperéd by the laek ef é ghared framework of
understanding = a framevork threugh whieh disagreements abeut ptin@ip;@s;

causes, effects, ete. can be explored.

In short - there is a need for a medel. There are, of eourse,
already many economie medels in existenee, but the need here is fer a medel

which prometes understanding and alds eommunicatien} net a model fer
)



econemists = but for the well iﬁfefmed.laymaﬂ. 'Genveneiénal laxge
econenetrie m@del&,‘beeauae of thei: teehnieal opaeity, have little te effer
to the solution of this preblem. -The Bystem Dynamies appreaeh, 6F something
conceptually related te it, seems te held: eut more promise. ' : '

Corporate management 1sveenee;neé with menitering ﬁh@igﬁaﬁe of 1its
business on a menthly er quarterly basis, wiﬁh aéeessing,fiﬁén@igl
performance and profit prospects ene to two yea?s ahéad.éﬁd with the ﬁimiﬂg’
. of mew eapaelty in felatien to market growth expectatieas anything “p;§@ ten
years ahead. Questions that are frﬁquantiy asked are! éhefe are we iﬁv
the busineas eyele?; have wé reached the bettom (er eop)?; how is current
Government poliey affeeting the course of the cyela/depth of the
reeeaaionlstténgth of the boom?; what haé happened to the cfand?

3

The model deseribed in this paper is, therefore; direcﬁed t@wgrdq &n
. understanding of the mechanisms at work during the UK business cyele. Iég ,
~ time horizon is no greater than ten years, wiﬁh the main emphasis on the next
five. It is frequently arguad that cycles of longer period than the business
-eyele exist, e.g. the 50 year long wave. It is not intended thaﬁ this model'
ghould try to éaptﬁre in detail the mechanisms believed to produce them. |
However, their role in determining the underlying trend must be recognised,
and thelr effects incorporated exogenously, perhaps by reference “of f~1ine"”

to other models designed to look at these more distant horizons.

The paper coﬁcenttatesvon the conceptual framework for, the model.
. Section 2 sets out the objectives and,ghidelines and indicates briefly the

relationship of the work to two other System Dynamics‘economiq models. The



overall structure of the model is described in Section 3. Sections 4 and 5
.discuss in more detail the physical description of the economy and the

decision making processes governing its behaviour.

The model exists inﬂprogrammed form'but is not complete. Most of the
ideas described in the following paragraphs have been incorporated at least
in a simple form, but several still await attention. The paper should, |
therefore,’be regarded more as a progress report and as a stimulant to

discussion rather than as a report on a finished product.

P e by

2. OBJECTIVES AND MODELLING GUIDELINES

o

o The prime objective is the promotion of understanding and the T

'improvement of communication. Within this prime objective the development of

the model has been constrained by a number of guidelines._

(1) It must be a model of the economy, not of the National Accounts.
There is more to economic life than 1s measured and reported by the.
Government's statistical service. A set of National Accounts (albeit

simplified) should be just one of the output documents from such a model.:.

pe

‘(ii) It(must differentiate as clearly as possible between the physical
entity that is the economy and the human behaviour processes which determine
the way it operates. In this respect it might be thought analogous to a
plece of electronic equipment in which the physical description of the |
economy is represented by the circuit boards and the decision making

processes are encoded on micro-processors plugged into them. It is the



author 8 belief that the description of the physical structure is the most
easily achieved phase of the nodellins. that differences of opinion on . the
‘radequacy of thst description can be speedily resolved and that 1t provides a
'firm foundation upon which to build the. nuch moxe contentious representation
-of the human behaviour processes. -This differentiation is, therefore, aimed
‘ at focusing attention and argument on those aspects of economie life which

,are most open tovquestion.

(iii).. It must represent decision msking processes explicitly, modelling
them in terms that are recognisable to the decision makers themselves. It |
lmust permit each identifiable group .of decision makers (a decision centre) to
have its oun objeetives. These objectiveo need not. indeed often will not, be
,compatible one with anothsr-v lach decision centre uill tsse its actions on
different flows of infornationo lt uill never ‘be possible to nodel the full
‘complexity of a. decision centre’s behaviour- There may be circumstances in
which greeter learning can'be‘achieved by not eVen trying, and by | i
substituting one or more real persons for the inadequate microprocessors and
' operating the model in an interactive simulation or game playing mode. To
,this end attempts are being made to improve the man—model interface by

exploiting high quality colour graphics.

(iv)‘ It must strike a balance betweenéggcessive complexity and over-
simplification. Large,‘complex-models are,not good aids to understending‘snd
communicationQ -There are complementary dangers, however, in

‘ oversimplification.‘ The world is complex and there will be occasions when

~ that complexity will lead to unexpected behaviour. The aim must be to reduce

the number of those occasions to a minimum without defeating the prime



‘ objective.

(v) ‘It ‘must allow for inevitability. . Some factors, that are likely to
‘influence econOmic'activity.edgm»demographic»ones,;are“already almost»fulli
determined forksome years ahead; Sinilarly,vdecisions are heayily_
constrained and it_may only %e possible to bring about significant change

over a period of years.

’*The‘guidelines outlinediaboveylead naturally .to a modelling approach

‘based ‘on System ‘Dynamics concepts and it -isy. therefore, similar to that used

at MITw(Ref&'l);' oweverflit.differsgin-two important”respects. Firstly,

- the model is at’ least- an order -of magnitude simpler in-terms of the amount- of

| ‘3detail it represeiits and in terds of :the. number of . equations it contains..

This is intentional for the reasons already outlined, the associated risks
have been accepted. Secondly, the model is being constructed from the outset
as a total system even if, initially,‘oversimplified descriptions of the
decision making processes have to be tolerated.- Although individual sectors.
are researched ‘off-line' they are incorporated into the overall framework at
the earliest possible stage- Thus approximately equal emphasis has been
placed on the interconnections between the sectors and the behaviour of the
sectors themselves-f The availability of the network diagrams, particularly
that for the money flows, has contributed significantly to our own
understanding of the way influences propagate within~the economy. It is

regrettable‘that such diagrams are so hard to find in economics text books.

. There are also similarities with the work of Tomkins (Ref. 2, 3). In

Tomkins' model the physical description of the_economyvplaYS a very secondary
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_. role. a: laut at thc upuelt lovcl. nd the nodel 1s fomulated 1n tems of
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_ Building further on the analogy introduced earlier, -the whole system
can usefully be thought of as a set of circuit "boards stacked vertically one
above the other (Figure 1) | The topmost ‘boards define the ‘décision centres
and their objectives. Each of the lower boards contains ‘a‘ representation of
the stock and flow network of one resource. Each board represents either a
conservative subnsystem or one with identifiable sources and sinks. °
Information flows upwards to the decision centres so that the 'state of the
relevant parts of the economyvcan be monitored ‘and compared with the -

objectives. Action then flows vertically downwards.“

Wy R . N
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The Decision Centres

In the first instance;the number of decision centres has been limited

to six: Households, Companies, Government,. Financial Managers;‘Banks and

e D ol
S Y R

Overseas.

‘(i) f Households:

The model is formulated.in terms of‘a single aggregate household
sector ~ the ensemble of all h0useholds. It is aSSumed'that'anéaverage'
behaviour can be attributed to the ensemble, ‘even ' though there are
considerable variations in individual behaviour. ‘No attempt has yet been-
made to divide households into high and low fncome groups or: into
profeSsional andknon-profeSSional} Although it 1is ‘recognised that
purchasing power and spending patterns vary throughout the life of a
.household, no attempt has been made to represent the household age

distribution. This could be a serious omission for the UK innthe;19803-



- private sector. Siuilarly, there Uill be differences of enphaais in the

4(11) Co-pantnzf___ . , . o

o Thio sector 1ncludcs 111 ttlding otganiaations uhich sell gpods and

. services in. return for pnylnut. dhothnt privnte or State ownea., It is

.assnued that, nt lndot to a tirnt approxi-ation, the hehaviour of the |

' ensenble of .11 eo-pani-o ena i‘ t'ptoscnted hy a single typical‘ eonéany

pursuing a set of avcrago objcctivno.. The validity of such an approximation

can be ehallenged on -nay grounds. In s -ixed eeonouy such as the UK it is

well knowu that ths ‘State evn‘d eorporltions pursue different atns to the -

‘ behaviour ot lnunfacturiac aad secvice eo-pauieu. cherthcless. there is B

"aufficicnt con-onaliey c! pucpo-o aal \chcviour to make the assuuption a good

‘ azattiug poiat. '
R e s e I ARe

(114) ‘Government? , o , |

| smc all State owned tnun; uuvnus have been absorbed 1nto the

* Company sector, the declsion -aking role of the Govetnment 1s limited in the

model to macro-economic management and the free provision of public services.

(iv) . Finaﬁcial Hﬁnaéerﬁ. ‘

| The Financial Hanagers include the pension funds, life assurance‘.'
_companies and other financinl ins:itutiohs who manage the financial surpluses
of Households. They are dcencd not to hoid stocks of assets on their own

" behalf and operate essentially as a awitching mechanism, directing o

Households' funds incokdiife:enz types’ Qf,assets.

wEwh

" (v)  Banks:
A limited number of fingngialxih;titutiops have the power to create’

i
L]
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,money.' In the accepted sense of the word a bank has three roles. as a

profit-making trading organisation, as a safekeeper of money stocks owned

others; and as a creator of credit- It is only the last function that is

‘included under “Banks”. vDecisions concerning normal commercial-operations‘

fall under the Companies heading. Those who possess money stocks perceive

them as their own, even if they are on deposit with a bank. In the
diagramatic representations of the model all money stocks are therefore

3

identified with their owners rather than with the Banks.‘

e
- (vi),  Overseas:
T . LS dedpit R T ;,ﬁ.vf. ;; o \,

RN

. This encompasses all those outside the UK who can take decisions

which. qan. influence the operation of the UK economy. |

ERVUPL MR o P

The Resources

Five resources are currently included in the model' People, Goods

and Services, Fixed Assets, Financial Assets and Money.

PR

(1) = People:

People form Households, are employed by Government and Companies in

by

: the production of goods and services, can be unemployed, purchase and consume

3 3
goods and services, and manage a portfolio of assets which include their”

stocks of goods, financial assets and money- ‘

(11) Goods and Services._

There is a need to differentiate between goods on the one hand and

DL

services on the other, and between different types of goods. Goods and
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service for- s conttnuun Ul:h a o’cctrul o! lives rnnging trou zero (a
‘service) to- -orc thau 100 yoarr (s duclltn;). 1t ls a useful sinplificattdn
'to dlvldc this ccntinuul luto thr-c ’lrtrz rcrvicer. perishable goods and

dutable goodo.i' '»-» R va.‘-“ i??v ' 'f_ ST et

: Scrvtcer arc intcagtblc aad cannot (hy and large) be stocked by
: either producer or consu-r. “They arve ccn:unud 1-ncd1ately they are |
-produced. Goodc arc tanglblo hut aru. acvtrthcleru, valued nore for the
aervtce they providc than lutrtactcally !or thcnselves. Perishable godds
provxac . rxo- o! ‘setvice which 1s rclntud to thcir atE" ot con-unptton.
1.c. thcy arc vclucd ou . !lﬂ'o' !briuhnblco ‘have a (ncar) sero ltfe. are not
S rtockcd in aay rtgnltlcnut quc-ttty ty ccduuncra. but may de otocknd by
"produccru. Durable ‘goods provldc Py !lcv c! ‘segvice uhlch 1 rclatc‘ to’ the
quantlty ouncd~¢ud ln \cacflc!.l cpcratton. 1.0- they lrc vnlucd as a ctock. '
‘nurabler hnvu Py utdo cpoctrul of lives uil are stocked by both consumers. and
producers- Thcy includc duclliagc. c‘ru. clothang. uhite gpoda, etc-'_;c o
 These distinctionn are l-portcnt for two reasons. Firstly: ”if‘the
flow of perishables ceases $0 also does the flow of service derived from it
. '‘and dissatisfaction will ;rovvr:pidly- ~tu ‘contrast, if the flow of new
durables is 1ntertupted, the flow of ae%ﬁice, and hence: satisfaction,
continues. It nay dcclinc as thc durcblc ntock is. reduced by scrappage, but
"even*then lives can bc cxtcndcd and the level of service maintained.
,Secondiy: the UK econouy is shifting steadily from manufacturing towards
services. If the business cycle has lts origins in the nechanisms of
| 1nventory control then ttu characterioti&n will changc as the stock holding

. parts of the economy bcconc of lcrr 1 p&?iance.

ehdy

o
o




(111) - Fixed ASsets: Fonte
Fixed assets are the means ofﬁdncteasinéfthe,p0$erfbfvhuman»labour in

!the provision of goods and services. There ‘aréonly ‘two stocks in the model:

one owned by Companies (plant and machine%y,‘buildings and works-and
vehicles), one owned by Government'(séhools,'hospitals; roads, etce)s: By
definition Households do not own fixed assets; dwellings are categorised as

.durables.

(iv) Financial Assets:

Financial Assets are pieces of paper (bonds, etc.) which, although
they represent purchasing power, ‘are not normally used ‘for’ transactions
. involving goods and services._ They are receipts acknowledging the lernding of
A'the purchasing power temporarilyvto others. “Théy have &’ spectrum of lives
Yiwhich range from infinity down to a few months. Aséets*atwthes'short"end
are sometimes used “for transaction purposes ‘and there is, ‘therefore, a -
difficult grey area between Financial Assets and Money'- which is in itselt
only a very short dated financial asset. < For thé purpose of this model
Financlal Assets are defined to include lives down.to-aboutja year. Any
asset with a shorter lifevis classified ;s"ﬁoQQQ; Xidistinction is drawn

between Government issued bonds and Company iSSued equity. ;Stocks of

Financial Assets are owned by all the decision centres.

(v) ~Money:

Money is defined as 9in;tantly realis;hieipurchasing power". Thus it
includes notes and coins,,current account deposits, other short term bank
- deposits and financial assets having a life of ‘less than one year. All

decision centres own money stocks (their liquidity) although that maintained

5 wn
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'by coverment 1s .uu, ‘nu m ouppxy 1s ude up of I:he four atocks ofv

. sterltng owncd hy Houtdholdl. Gov.tllnut. Conpanies and Foreisnets. In »
addition. there are tw .toeh o! fouun currency: the ofﬁcial reservea,
owned by the Gowm: lnd nluud 1 thc Bank of !nahnd, and a non-' :

' goveruuental stock md pudad.mcly by Co-pantu- o

o Peoglo o
m seecko nud nm of mu afo ohovn 1n ugun z. Hosc people
enut the ayuu u yom dcpeuduu.‘ Ou l.uvlng school :hey enter the stock
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of pctcutul chploym. lcc mry pounual uployu ml:.o pud aploymem:.

' '.:Host -nn do. but lauy uounn do aoto 1\. flnctton ot an agp group uho do seek
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paid mploynent 1- nti.ucd la um ot acti.vity rates . Significant

changes over tiue are oblctvud 1n thnir uagnitude.
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These changes are complex and can only really be described adequately
by a full demographic model representing the detailed age distribution of the

b

population. For simplicity the broad changes in the future stocks and flows

O

‘are computed "off-line and incorporated exogenously.' Some allowance is made
-within the model however, forwfeedbach.f;omwthe level of unemployment to
overall activity_rates.’ | o | c | |
Lo c S o e o .

‘When seeking paid employment it is assumed that everyone enters or
‘:resenters the stock of unemployed if only instantaneously. From there they
. are recruited into either Government or Corporate(employment. Therefis a
considerable turnover associated with these two labour forces. While in
employment people receive a remuneration and in return provide a flow of
uulabour, measured in person - hours per year. ‘This, in combination with the
fixed assets currently in Operation, provides the output of goods and

oaer

“gervices being demanded by the economy.‘

Ultimately people retire from employment;anddre—enter<the‘household
-stock of dependants. Death in employment does, of course, occur but is
negligible in relation to other flows. For the UK net‘immigration and

foreign labour flows are small and have, therefore, been omitted.‘

A

ks

Each of the groups of people shown in Figure 2 places demands on the
economy, resulting predominantly in flows of goods and services and/or money.
The magnitudes of these flows are often directly prOportional to the
numerical size of the group and once ‘the .per. capita demand or payment is
specified these flows represent some of the inevitabilities, at least in the

short term, faced by'those managing the economye.
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o 'rhe acock and ﬂw\ oyatu tot uoodo and services is ahown m Figure 3.
~ Raw: naterial,a atc -tud or- uportul and enter the corporate sector s Raw
| ‘uqterial stock. !’ro- there: tb.y are duvn tnto the ' productiqn process, _being_
vcycled through: thc emt«' ﬂntl uuts, purt going to w&ste. the
remainder flowtng lnto the otcck of vork-in-progress. ‘l‘hese :lncermediate
goods are futther procuud, dnvlng in. additional Tavw mterials, until they
emetge ﬂnany mto the o:ock of nnuhcd goods. Services are also produced
'by the corporate sectot. and uy nquire the usage of raw naterials. They
are deuvend dtuetly to. thc mr. ‘nu atock of fiuished goods ’ largely
in the ‘hands of the Illohuh and. m-n n'adel vul be: oupplenented ditectly o
by 1uport¢d unufacturn.

Goods arc dcunud ftcl ttock to llouuholds. Govemuent and: Ovetseas. |

'For, sinpucity, no: duuaeuou u -ldt at the ptoducuon stage between

Fi ure 3 , s.tocksi and F mv~q£-i Goods’ nnd Services
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perishable and durable goods.. It is assumed that industry has perfect
flexibility in responding to any shift in the balance of demand between the
) two. As outlined above, services and perishables are consumed
instantaneously by households while durablesuenter a stock from which they
are scrapped (retired) with an average life TLD’ (1.e.va fraction /'rLD

of. the stock is retired each year) Government is also assumed ‘to consume
services and perishables instantly- Its durable purchases are recategorized
as investment in fixed assets.. For simplicity, and because State owned

manufacturers are defined to be part of the Company sector, Government is

assumed. to supply only services.

. Fixed Assets:

2

The flows of, materials and capital goods which are accumulated ‘into

stocks of fixed assets are shown in Figure 4.

Figure 4 Stocks and Flows of Fixed‘Assets
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‘!he -ectmueo of ptoductu upttd gooda is euenuany tho same as

ducribed m the previous section.

that for produclog couuur

P rixed uuto Mvo a o’octm of nm ransing fron & year or two to
-decadeso Two répuuuutlm o( the ny the capital stock is aecumlated
have ‘been explored» !Iu um usm copltal goods to be perfectly .

v homogeneous with’ a olnzlo ovougo iife ‘tm- Once an mv«tnent 13 uado !.t
loses 1ta identity vlthln th‘ ltock (Itirted tank apptoxinatlon) and a ;”'

| ftact:l.on lI'l".K of the ntock h nund uch yeats ALl asseto havo the '
_sane capital prodnctlvlty (ontputl’h.t-lmn')o The ucond. allows for

' everal difforont nm anil ’onln lavntmt to retain its identity as ic

,iages by acemhtlu ii u . pipcun. tbc hn;th of whieh is rehted to the

asut n!ouu. !mot" h dﬂlomt yuci can hvo. and reuta. ' -
| diffeunt caplnl prodoetlvuiu.‘ The léntr wodel’ u iuplc. mu!m“nding in

s of capital

"tem ‘of " d.ta. Im: h poof topuuutatlon ot the d& "
"}accumulauon. _1‘!\0 htur is a better rcpropentaeion but carries & heavy
v penalty 1n the need to lutov ttn invost-ent hutory fOI.‘ a time 'ru( prior to

t = 'O'f

In the first wrtion of the uode' "the fixed asset aﬁd consumer goods

-systems have been conbined and no disti ction is made at: the production stage

,:‘ between the tvo types of utputs

v Financiai Assets:
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W ke

, new.share capital; similarly Goyernment,?bghproniaiégja‘fiowlof"Aew
bondss Only net flows are taken 1nt9433999£t7 | \ R :

Newly issued equity and bonds are purchasedbbp Financial hanagers,
who then re—issue them in the form of life policies, pension rights, etc. to
Households, by Government, by Companies and Overseas. Stocks of Financial
- Assets are. measured in volume terms and continuously revalued at. current

Aprices. L

Figure 5 Stocks and Flow;‘of‘finanCial Assets

HOUSENOLDS? T ] s or
USEHOLD vt | conpaszes | -OVERSEAS Assers
FINANCIAL : e
ASSETS A_Jl L IAJI
o s [ RN PG
- BQUITY ..{ BOED  EQUITY ! BOND. - -
A¥D PENSION , prcaasesT - | SALES  ISSUES PURCHASES
RIGHTS K . K ‘
------ BONDS _ [ | pomps [~ :'m o
{FIRANCIAL : ' [ PURCHAS TGNERS
} amaERS PURCHASES : S I read n L
....... — D pqurry AL
A = ASSETS

L » LIABILITIES

Money: . e
.The stock: and flow network for momey, the most complexbof all the
networks is shown invFigurepo., There is a, flow in this system mirroring each
of the flows in the other diagrams.:_gorresponding;pairs of flows are closely

related (e.g. through price). There are, in addition, purely monetary flows

having no counterpart elsewhere.

All stocks and flows to the left of the foreign exchange market in

Al



Figure 6 uler to £ otctuu. lutythlog to the tlght 1s in other ‘
cnrreneies. mthin thc .muu mtu Ioncy is: conaerved except. tot the one
;source (or olnk) roptooeated by the 'lenkc e« As expleined in e previous

eection 'lenko .are. doo-ed not to o otoekn of money in their own right.

‘Higure 6 ' Stocks aml l‘lows of Money
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These are owned by the othet decici.on centres although part, indeed the bulk
of the money stock vill be held tn ufekeeping for them by the Banks and will
influence the extent to which the Bank ean create additional credit by making
} loans. The stock of stetling reptesented by the Foreign exchange market 1is -
ey

very mll 1ndeed. ‘Thus, to a first apptoximation, the flows of sterling

* into and out of tho fotcign exchange mtket mst at. all times balances s -
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The network of money flows is best summarised by considering the

income and expenditure of each decision centre in turn.

SRR R 2

et d s
P 2 .

Households receive wages from Government and Companies and a range of

hoe T

benefits from Government- They also receive private pensions and other forms
i v

of investment incomes, for simplicity these are aggregated with wages.

Households pay income tax and national insurance contributions.‘ They pay for

goods and services received financed in part by loans raised from Banks.

Their.savings_flowﬁto.the Finangial‘hanagers who use them to’purchase a

portfolio,of financialrassets.?“ .

- L
' BEEEE I S T A P L SR SRy : v
LT B R R ST 5 S

T DA A

: Government. income comes in the form of direct taxes on households and
Companies and also indirectly from taxes on expenditure.‘ Payments are made
for gOOds and services, wages are paid to employees and investment is .
aundertaken in fixed assetso Benefits are disbursed to Households and |

grants and loans,.net of subsidies, are made to Companies.’ Interest payments
on outstanding Government debt are subsumed into wages. Since Government
carries only a very small money stock expenditure not financed out of.tax
revenues must be financed by borrowing.‘ This is accomplished by selling
bonds and, -in the last resort, by raising short term loans from the Banks.
Any direct; intervention in. the foreign exchange market also creates an income
or expenditure attributable to Government. _j : ‘ | o -

e e g e ,
Companies receive income from trading in consumer goods, capital

goods and services, both at home and overseas. This is supplemented by net

grants from Government, by the issue of new share capital and by the raising .

of loans from the Banks. They pay wages to their employees, interest and



odividends on their 1idb111ttet (lncludod in. uugo3) and taxes and national
insurance coutrlhuttono o Govhtnnont. Poylento are nade for: goods and .
serviceo, purchased prodolianntly oo tutot-cﬂioteo from. other K compantes,
vbut ‘also 1nportld frol abrood. The 1ntcrlodiate tranaactions 1ie- wholly
'within the co-pauy oectot ond havt \-oa onitted fron Figure 6 in the .

| 1nterests of clorlty. Ply-onto nto wade fot :he purchose of fixed assete
k(1nvestment). oono ouppltod ftou thc UK. othots 1nported¢ Funds alao flow

«abroad to finance 1nve¢t-out owercoas.

xv_ Tho dooctlptlon of totoi(u involv.nont ln tho doneottc uoney supply 5
'has been pared to the vory -lnl-nun !orolguers transfer -onqy into the |
‘ ;country ty pnrchnotn; oterltng on tho foretgn exehangos. They also raioe
1oter1£ng loans !ron tho lnukoo Thoy ato ollu-od olthor to hold thott fnndsv'

tn llquid forl or to use thnl to purchooo eqntty and bondoo.b = ¥i?‘€“'ln.

'Banko' in thetr doflncd role of credit cteators provide a (net) flow

;of sterling loans to Houooholds. vaetﬂient, Cbmpanies and Foreigners. i

Sterling flowa 1nto the foreign exchange market when currency has to
- be bought to pay for 1nportod goods and setvices or finance overseas |

1nvestment. It flows .from the natkot 1&&3 the economy when there are capital

1nfiows or paynento belng received for' iipotts in curtencies ‘which are then =

E converted into sterling. ?innlly, 1 Eﬁe%e 18 an 1mba1ance between these

flows and the Covernment wishes to defen&~the existing exchange rate then it
can buy and sell sterling uling the official reserves as its source (or sink)

A ‘.‘l‘ .
L

’ of-currency.
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5. THE DECISION MAKING PROCESSES

The modelling of the decision processes for Households, Companies and
“Government are discussed in the following paragraphs. Since the decisions of
Financial Managers, Banks and Overseas are. currently modelled only in terms

' of simple allocation-rules-they are not described in detail-

‘Households:
Household decisions are primarily concerned with the management of

income in relation to perceived material needs. ,

R
Figure 7 Households' Cash Flow
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llouuholds are auuod to lun tvo aourcea of iucone: - gross pages _
and benefits (includiug investment iuco-s) reeeived fron Government, private

penaion and life uaureuc fuuda. PR

: 'rwo char;cs takc s pre~emptive otrike at this" grosa incone ’l'ax plus
National Inaurancs. and contributiom to private pension and life assurance
funds- “The raaidual inconc vill be rtfcrred to as. Households' net income
(Pigure 7)., lt is vhat ia seen on the salary slip or in the wage packet.

" Paymenta to peuoion and 1ife sssurance funds are assumed to be a straight

. percentage of grou ngn. e

; oA third dcductioa is also. trcatod as pre-olptive. re‘pay-e'nt
(inciudins interes:) of outstandiu loouo It 1s aaa\-od that loans hove an‘ :
h 'average 1ife of r,. years aud thot & traction ‘Ir,. of tln outstandins

Tt

loana ia repaid each yeare

_ The residuai inco-a. auppie-ented by new borrowing, is then used for
' four purposea° (i) ertablirhing and aaintaining liquidity, (11) the

é purchase of. periahable goods and: aervices, (111) the purchase of durable

é goods, -and. (iv) the purchaac of financial assets (discretionary saving).

| The -problem now is to assign prioritiesﬂto these expenditures for households
in aggregate. : Host households will givt priority to perishables, these
might be regarded-as "necessities”. In: newly formed households, saving will
have: a low- priority relativs to durablé ﬁurchase, while in: older households
the priorities are likely to be eversedé 1In the version of the model

- described in this paper, ths purchase of perishables is assumed to be have

top priority. Second priority goes to’ the ‘maintenance of 1iquidity. Third

EE ;'J
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priority is a minimum level of.discretionary saving, leaving expenditure on
durables, financed in part by new. borrowing, as the lowest priority- Any
income remaining unspent is regarded as involuntary saving and allocated
between liquidity and financial ass?tSf
Expenditure on perishables is assumedxto be .volume and flow" driven,
e.g. - households need so many kilograms of food per day. In contrast,v‘
expenditure on durables is value and stock" driven, households having
available a sum of money with which to establish and maintain their stock of

durable goods. N

.The rate, measured in volume terms;'at which perishable goods are
ordered will be determined predominantly by the rate of ordering at previous
times... However, if households perceive that they have become more affluent,
the amount desired might be expected to increase. Households will feel more
affluent if their surplus income increases relative to their net income, or
if they have excessilve bank balances. Actual expenditure will depend on

~ price (a corporate decision) and the level of indirect Taxation (a Government

decision).

. The allocation of income to the maintenance of liquidity is assumed
to be determined by the stock of money desired 'the discrepancy between the
actual and desired stock and the urgency with which the discrepancy 1s to be
eliminated (measured in terms of the household liquidity reaction time) The

desired. stock of money is assumed to be directly proportional to net income.

Discretionary saving 1s assumed to be proportional‘to surplus income.



T TR

For sinplicity dinctetimty and imhlnnry uvings are eggregated with: non~
.discretionety uving nnd mn.a to: thc lincncinl uanagers for investment

R (¢ a portfolio cf linnneinl Assets. |

i | : Dnrnblc mds are. nlucd | 4 houehoun for the fiov of services they
provide. a flow which in btontlly propottiml to the stock owned. Decisions
on du:able purchnnc'vlll be. lpvttnnd \y the dcuired ‘magnitude of this stock-
It 1s assuned that the destred etock wzn fncrease with the level of
affluence and win declinc only under exceptionany adverse: eondi:ions- i
"l'he planncd uce of ncqcixin. durelilu uin depcnd on: the ‘rate at vhich '
existing dutablen are being tetind and’ thcrcfore need replacing, the o
diacrepcncy betveen the nttul and clntud ctoclu. and' the - urgency vith which
' the slmrtfcn ic to be cli-inntcd- !! ﬂn milnblc funds arc incnfﬂcient,
i .purchasee will bc lilitd to uluc can h ntforded- 1n ‘extrenis’ t!\in oy
expendu:ure nny bc ineu!!icient mn to rcplncc the ptanned tetitenents. J1f
it is assumed thct: honulioldl wnl nevet gi'ie up the: services to. which chey
have been accustomed, then tl\ey uu tcsict any fall in ‘the durable stoek by
4 deferring retirenent and' extcnding thc life of the assets. If funds once
Emote become available, an' cnrly ptiotity will be the acceleration of

" scrappage’ and the rephcenent of these veteran durabless

¢

It is assumed thet Il ezpcnd?iftunc on durables: will be financed in
vpart by: new botrowing (the: amount: being detemined by a. "down—payment '

&eﬁ borrowing: by the: Government:- No:

' '_ ratio”). Constraints may be imposed odﬁ.
'.provision has yet been made for the running down of financial assets in order

" to generate funds for dnubic purchue or for the: effects of inflationary
expectations on the: desited conpociti’on of the households: asset porcfolio.

5%
WG

?ffiﬁi{_! :
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" However, the basic information is generated and readily available'for such an

extension.

Conpanies:
| -In the,majority of‘conpaniee; deeieion naking is not centralized but

is delegated to individualszand fnnetienai,departmenta.u it‘ie therefore

. convenient. to model the aggregate cbrporate sector by preaking'it down‘into a
small set of functions: marketing, production, purchasing, personnel
planning and-accounting (Figure 8) It is assumed that the ensemble of each
type of department can be represented by the. behaviour of a single entity in
which the: spectrum of different responses appearing at different times can be

represented by an average response spread over a limited time interval.

. Figure 8 Corporate anctiona :

!
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(1) mrkcting: ‘ _ s
The typica! aarhctln; dcpcrt-cut 1- eoncerned with the flow of orders
from. and denvcriu to. cuteuru. the unagenent of the orderbook and the
_'level of ftntshcd aoodo stock, th. octting of prices, the communication. of

current dcnands to the lrodnctlon fuactton and of forecast future demands to

'”Planning.

‘.\: The desired productiou rccc is dctcrnined by a classical 1ndus:ria1- N
dynanic algortthn (Inf. 6)- The r.tc dcstred is that which w111
slnultaneously .cttcfy 1nco-1ng ordcto. cltllnnto ‘the gaps hetuecn actnal and
desired srock lcvcls. cul aetunl and dcoir-d orderbook lengths vith an’ |
,"‘ursency decentned by the rcapoeun djustuut times. e ba et gD ST

© . The actusl "p‘:'i&’tcvo"x i‘eu'i.'vd';?i“-’-uc‘emud by the destred price

level nodified hy a -ccrurc ‘of dc-nd prcssurc. The desired level' 48 ‘based
‘on a conbiuation of profit lnrzin and rcturn on capital targets. . Demand
.;pressure 13 1inked to otdcrbook lcngthl. atock levels and current plan:

occupacity.' if aa

i
|
i

(11) . Production.' o
Production depcrtncnt'l objec:ives are to supply Marketing with
- product at the deitred ratc.”to“lnncgc”the’labour and capital resource |
available to ‘it, to’ enticipctc changesxfor “both, to communicate those needs

to Personnel and Planning and ‘finally to draw from stock the raw materials

'required for production;(rignre 9).
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Figure 9 The Production Process “
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The production management require three inputs. labour, measured in

terms of the number of employees (N) and the number of man—hours worked per
‘man per year (TN)’ capital measured in terms of the number of "plants“ (X)
and the number of plant—hours worked per plant per year (TK)’ and raw

materials. No distinction is currently made between energy and other raw

material inputs.

Under normal operating conditions the capitelkstock operates for a
normal annual number of hours TKo’ at a normal productivity PKo
(output/plant—hr), workers are employed for normal hours TNo’ yielding a
,normal output Qo.where | - ' o

There will be a normal manning ratio M, (men-hourS/piantfhour)

- given by



u 1s the nor-el nnnbcr of uottett tequired to be present uhen a

' unit of plant tc i opcuucn. It u umd to be technologically

: detemmed and to ch-nse enly nlevly over ti-e. The total number of workers
required on the peytoll of cnch plant (IIK -en/plant) will exceed M if

TKO > TNO’ 1.90 th.“ is .‘1‘1‘.‘\1" votld.ug.

tf the desired output 1. wore ot lecs than Qo, management has a

. number of ections avallnblc to 1c. In the short term 1t ‘can 1ncrease or

":decrease Py by runnlng the plant hardcr or ‘more slowly. The:e will be.
Tupper and lover liaits beyond which such. n«mmm wiil be exhausted-  Vhen
_those ‘1imits are tcnchcd. 1: can £ncrecoc or decrease tx. sxnce it will

v st111 have the saue lnbour fotcc. thlo v!ll imply an increase or decrease in

' T“, TR overtine or nhort t!le ucrkxn; fcr c-ployeee.} ' "

. There vill bc votkorn' teoistnnec to both excessive ‘overtime and
excessive ehort ti-e uorkina-~ Unit costs will also rises There will ‘come a
.”point where to teduce umtt cocta. ‘and restote ptofitability, management will
) be forced either to ahed labout or 1n1tiate the recruitment of workers. In
- the lattet case, it is being alsu!ned that additional output’ can be extracted v
a from. the capital . stock hy 1ncreasiug the manning 1eve1. Once again there
‘-will be an upper Iimit und, if demand is any higher, the. corporate sector

will have been forced to its ultimetc short term snpply 1imit. The focus of

;,»,‘.':
attention then falls on thc Planning function to 1nvest in additional

(xmr,
¥

~ capacity or, in adverse conditions, to reduce capacity by closing plant

dOWl\p
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(111) Purchasing.
. As Production draws down the stocks of raw materials it is the role
of Purchasing to restore them to the desired level with an urgency measured

in terms of a raw material purchasing 7eaction time.

(1v) Personnelt '

Personnel department.responds to the labour needs of Production by
recruiting new employees and managing‘wastage (natural or redundancy) It 1is
also responsible for responding to the wage demands arising from Households.
.1f, for any significant length of time, Production’is forced to work its
labour force for more or less than TNo’ it will incur unit labour costs in
.. excess of those in normal operation-‘ The target labour force (Nd) it

'communicates to Personnel is that which provides just the required dabour

‘ input while working normal hours TNo Thus d

o .
Na = Mo

» TNO .

1f ND Nd’ Personnel attempt to achieve a wastage rate which will
eliminate the difference in a time T « In practice there will be upper and
1ower limits to this rate. The lower 11mit will be set by the rate of
"natural wastage, itself a function of the current unemployment level. The
upper'limit will be determined by concepts such as social responsibility.

If N Nd, Personnel have a recruitment task. The desired
recruitment rate is set equal to the current wastage rate plus the additional
recruitment necessary to eliminate the differehce between N and Nd in a

time Tg. This rate is subject to an upper limit which is dependant on the



level of unenploylcnt.' If unesploysent 1. high, recruitment will be easy
and vice verse. Stuce unturcl uuotc;c eluoyo occurs the recruitment and

wastage actlvitleo vill ho lotn; on in porollel-

) " Accounts:” |

‘The Accounteucy function tocctveo’the corporate 1ucone. makes
payuente. raleee ftuuucc (ncv bortoving). annlgco liquidity and credit, draws
_up profit and loss accounto ond bllcncc ohcets ‘and forecasts future profit
”.8nd cash flow. | BRI R
(v1) Plannlng' |

The Pleaniu; tuuctlou enttctpetco. on thc basis of -nrket totcceoto -

- and the prcsourc of de-nod ou catotlnc oolcto. the cop&tcl stock rcqutreneutc
of the futurc- !t udll lcck to place ordoro for new capttel uhtch wlll be
sufficient both to rcpleco czpcctcd totlrc-cuts and expend the capttal stock '
to its desired lcvcl utthtn the plennin; horizon- If the funds available for
tnvestment, including new borrowing, arc 1nadequete then actual expenditure
will be limlted to what can ‘be efforded.q The level of . new borrowing and its
disposition between equity and loans will depend on corporate profitability ,
r the state of the equity lntket and corporate capital and interest gearing

levels in relation to current targets.‘alf

s
3

Government:
In modelling the Govcrnnent': aeéaaxon making processes three

essential elements must __he,'takcn into ec@ou'nt: its objectivee, the actions
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that. are available_to it and 1its beliefs concerningithe'relationShips.betWeen '

‘the two (Figure 10).

,,«Iigure 10 Ihe‘Government's Decision Making Process
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PRICES AND INCOMES POLICY

’ LEVEL OF PUBLIC BERVICES

Government has a number of economic policy objectives which are
probably subservient to its prime objective of re—election. Its objectives
frequently appear incompatible and it therefore has to set priorities. " The
order of priority depends on the colour' of the Government, the economic .
theories currently in vogue, the particular policy‘whichiis most astray and
the proximity of the next election- There appear to be three overriding
objectives: the rate of inflation, the level of unemployment "and the balance
of payments. Subsidiary objectives are related to the growth of the money
supply, the level of public services and the exchange rate.

In theory, it is possible to formulate?an overall objective function

4

which 1is a weighted average of the percentage deviations of these variables

s
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'_ fron their deslred vuluoso !hc volghto. ond thc deslred levels themaelves,
wlll ‘be functions of polltlcol phtlooophy d currenc circumstances- Ih?=

practlce‘ts=by-no;hoens oooy!v_‘

The covcrn-ont. 1n the pnrsuit of 1ts objectives. ‘has 4 rumber of
economic ”levero 1t can pulls - These 1nc1ude direct and 1nd1rect taxation,
1ts own expendlrurc on goods ood oorvlcco (tncludlng thc uages of . its -

. employees). the cost ond ovnllabillty of eredit, and ptlces and. lncomes f-k
'policles. In none of thooc areas dooo lt hnvc total control. It can set the
‘ratea of taxation but tho obooloto onouato colloctcd vill depend on lncomeo,

profits and expcndlruro. !t eou nor tho por eaplta value of beueflcs hut the

- amounts actually puid slll depend on the nunbor ‘of penoloners, children and

unenployed.i

_ The cxtont to ﬂhtch Gowironcot pullo any portlcular comblnatlon of -
levers depends on the thoory currootly lnflocnclng its thlnklng. The outcome;v
may-not always be uhat 1o o:pocted but thlc will not. necessarlly cause a.
change of policy. Trying hardcr lo the: nost llkely lnitial response. When
f pollcy changes do occur they are llkely to be discontinuous, perhaps 1&
| association with a change of Governnent. "

e
The fornulatlon and programming of an algorithm whlch can’ represent
this multi-input, nulti-output declsion maklng process is difficult- The
-'algorithm currently included in the modeltis simplistic and inadequate.

Improvement 1s undoubtedly possible but it may be more Valuable, in view of

1cation obje tives»of the work, to model only the

‘ the understanding and comui

"inevitabilities® and to reploce thc algorlthm with a person operating the
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model in an interactive mode, i.e. acting the role of Chancellor of the

Exchequer. It is in this direction that future developments are planned.
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