
CALCULATING BRITAIN'S REQUIREMENT 
FOR DECIMAL COINS 

A. J. D O W L I N G 

A M O N G the problems involved in Britain's changeover to decimal currency was the 
estimation of  the number of  new coins likely to be required at and immediately after  'D' 
Day. It was accepted at a very early stage that a rapid changeover to decimal reckoning 
would be the most convenient from  the public's point of  view and that it should be the 
aim of  the Royal Mint that the changeover should on no account be impeded by a lack 
of  coin. 

It was also clear from  the outset that the pace of  the changeover would be governed 
mainly by the rate of  conversion of  shops' cash registers and that it would far  outstrip 
the Mint's day-to-day production capability. A substantial stockpile had therefore  to be 
envisaged and it was essential that this should be big enough to meet the public's need, 
but for  obvious reasons of  economy, not too big. 

Past experience offered  very little to go on. Nothing relevant had occurred before  in 
the British coinage and though the decimalization of  the South African,  Australian, and 
New Zealand currencies was studied, the circumstances were so different  as to render 
their coinage experience of  little practical value. On the other hand, important lessons 
were contained in their experience of  decimalization problems generally, and it was to 
be expected that Britain's changeover would therefore  be relatively much more rapid. 

C I R C U L A T I O N O F T H E O L D C O I N A G E 

The obvious first  step in the calculations was to obtain as precise an estimate as 
possible of  the number of  coins in circulation. Records naturally existed of  issues and 
withdrawals, but these did not tell the whole story because of  the tendency for  coins to 
be lost, exported, or placed in permanent collections. 

The practice of  dating coins according to their year of  minting, which for  practical 
purposes in Britain can usually be taken also as the year of  issue, provided a means of 
estimating this wastage. Bulk samples taken from  circulation were examined and the 
frequency  with which coins of  particular dates were found  in the samples were compared 
with the number of  coins of  those dates originally issued. From the fact  that the earlier 
the date of  issue the fewer  coins were found  in the sample it was possible to deduce 
annual rates of  wastage. Although simple in principle, the method was not altogether 
easy to apply in practice. Early trials showed that newer coins tend to be concentrated 
in cities with correspondingly higher concentrations of  older coins in country areas. Thus 
the methods of  sampling had to be devised with great care to ensure that the samples 
examined were faithfully  representative of  the circulation as a whole. 

These sampling problems were satisfactorily  overcome and remarkably even wastage 
rates were revealed for  most of  the denominations. An example is illustrated in graphical 
form  in Table I. The wastage rates varied from  denomination to denomination between 
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TABLE I 

Sample  of  halfpennies  in the 1968 survey 
Plot of  log Nt/nt versus date of  issue 
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Nt = Number of  coins originally issued in year t. 
nt = Number of  coins of  that date found  in sample. 

about 0-4 per cent per annum to nearly 4 per cent and not surprisingly the rates tended 
to be highest among the lowest denominations. 

It was concluded that the total circulation inferred  by this method was probably 
accurate to within plus or minus 3 per cent. However, the method threw no light on how 
much of  the coin was in active use and how much was largely idle in some form  of  savings 
reservoir. On the evidence, for  example, of  the towers of  pennies that used to be seen on 
bar counters and of  the popular pastime of  collecting sixpences in whisky bottles, it was 
suspected that the savings element was quite large. The distinction between active and 
inactive was important since the latter would clearly not need to be replaced quickly and 
could accordingly be largely excluded from  the stockpile. The next objective therefore 
was to try to determine the use to which the coins in circulation were being put. This was 
done by means of  a market survey. 

M A R K E T S U R V E Y 

The survey was undertaken by a private firm  experienced in the field  of  market 
research. Interviewers were sent to representative samples of  every type of  coin user that 
could be thought of.  The contents of  shop tills and of  pockets and purses were counted 
and the rate of  flow  of  coins between different  users was measured. 



170 C A L C U L A T I N G B R I T A I N ' S R E Q U I R E M E N T F O R D E C I M A L C O I N S 

The whereabouts of  the coin as illustrated by the survey is shown in some detail in 
Table II. Briefly,  it appeared that out of  the total inferred  circulation, some 21 per cent 
was held on average as working stock by the banks, some 15 per cent was in coin 
boxes of  meters and coin vending machines, 27 per cent was in shop tills, pockets and 
purses, etc. (later called 'Transaction Coins') and 13 per cent was held in savings 

T A B L E II 

Estimated  coin circulation—Autumn  1968 
millions of  coins 

2<i 1d 3d 6d 1s 2s 2s6d TOTAL 

Bank stocks 9 3 281 1 6 3 4 1 2 3 6 7 185 119 1620 

Transaction coins ( 2 5 0 ) (660) ( 2 5 4 ) (392) ( 1 3 1 ) ( 2 0 6 ) ( 1 9 3 ) (2086) 

Shops & post 
qffices 

Public transport 
Other businesses 
Miscellaneous 
People - pockets 8c 
purses 

Homes - petty cash 
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8 
3 

1 5 

9 2 
3 0 

203 
3 1 

116 
4 6 

180 
8 4 

102 
1 4 
1 5 
1 7 

5 0 
5 6 

1 2 2 
2 2 
6 4 
2 7 

9 5 
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7 0 
1 6 

5 7 
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3 0 
1 9 

7 2 
1 3 

6 9 3 
8 2 

2 7 7 
150 

5 8 7 
2 9 7 

Homes - savings 1 4 7 4 5 8 1 2 5 287 1 8 8 8 1 0 5 1 

Machine coins 1 9 1 5 9 1 8 3 6 3 4 0 2 1 7 0 3 3 1 1 6 4 

Total from survey 5 0 9 1 5 5 8 560 1 4 5 4 918 569 3 5 3 5 9 2 1 

Total inferred from 
date study 980 2 0 4 1 8 6 0 1 8 5 3 9 7 7 6 4 7 4 0 8 7 7 6 6 

reservoirs of  various kinds. A further  24 per cent was unaccounted for.  This discrepancy 
led to a lot of  discussion as it seemed to suggest that some significant  users of  coin had 
been omitted from  the survey or that the sampling was unrepresentative. However, no 
such errors could be found  and it seemed reasonable to assume that most of  the missing 
coins were in fact  in private homes. The market researchers stated that people are 
invariably shy about answering money questions, and it seemed more than likely that 
many would have understated the extent of  their savings and that others were actually 
unaware of  the numbers of  coins lying about in their homes. This belief  was supported 
by the fact  that the proportion of  missing coins was largest among those denominations 
which formed  the bulk of  home savings. 

Thus it appeared that out of  every 10 coins nominally in circulation roughly 4 were 
kept as savings, 4 were in shop tills, pockets, purses, or machine reservoirs, and the 
remaining 2 were held by banks as working stock. 
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The survey also showed clearly that the great bulk of  the new coins could be expected 
to reach the general public through change received in shops. Very little on the other 
hand would reach them through their pay packets, and in contrast with shops, where 
some 80 per cent of  transactions were found  to involve change-giving, it was observed 
that most people tendered exact fares  on buses and other forms  of  public transport. Thus 
the pattern of  circulation that emerged was from  the banks to shops, from  shops to the 
public, from  the public to transport authorities and vending machines, and from  the 
latter back to the banks. A significant  proportion of  low denomination coin suffered  a 
check in circulation by being temporarily retained by the public in the form  of  small 
savings. On average these were shown to accumulate over a period of  about a year before 
being released back into the general flow. 

This circulation pattern is illustrated in more detail in Table III. 

T R A N S L A T I N G T H E £SD C I R C U L A T I O N I N T O D E C I M A L S 

For each of  the four  main categories of  coins distinguished by the survey the trans-
lation into decimal denominations was carried out in a different  way and the extent 
to which the estimated requirement might be needed by 'D' Day was also assessed 
separately. It was decided to provide for  bank stocks in the same ratio to transaction 
and machine coin as existed in the £sd system, and to provide all this stock, like the 
transaction and machine coins, by 'D' Day. 

The translation into decimals of  the machine requirement was based on the informa-
tion revealed by the survey on coin-operated machines and meters and on the known 
plans for  their conversion. 

Since the survey had shown that savings generally accumulated over a period of  about 
a year it was clearly not necessary to make substantial provision for  them in the stock-
pile. The rate of  build-up could easily be matched from  the Mint's current production 
capacity. To allow for  some initial curiosity hoarding, however, it was decided to include 
nominally 3 months' supply on the assumption that the same total number of  coins 
would be collected as before  and that they would be divided equally among the three 
new bronze denominations. These were quite arbitrary assumptions, but as has been 
said, accuracy in this element of  the stockpile was not critical. 

The transaction element of  the stockpile was both critical and difficult  to calculate. It 
was felt  safe  to assume, since decimalization itself  would not affect  the total number or 
the total value of  transactions, that the total face  value required would also not change, 
but there was no obvious way of  translating that value into the different  decimal 
denominations available. First thoughts were simply to translate the values of  each of 
the old denominations into their nearest equivalent in the new system. This seemed 
straightforward  enough in the case of  the old one penny and threepenny pieces which 
each had near equivalents in the new half  penny and new one penny respectively, but 
there was difficulty  in the case of  the sixpence which had no such near equivalent and 
which was known to be in circulation in disproportionately large numbers. (The survey 
had shown that one-third of  all sixpences changed hands in multiples and thus apparently 
fulfilled  the role of  shillings and florins.) 

Finally, it was decided to base the calculations on a model devised by the operational 
research consultants. Briefly,  this model, which is described in Appendix I, showed that 
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TABLE III 

Coin Distribution  and  Flow 
The boxes represent coin 'reservoirs'; the contents are shown in millions of  coins. The arrows represent flows 
between reservoirs—in millions of  coins per week. 

if  it were assumed that all transactions were always performed  using the minimum num-
ber of  coins, and that prices were evenly distributed, the number of  coins of  a particular 
denomination that would be needed would depend only upon the ratio between the 
value of  that denomination and the one above it. This reasoning suggested that the new 
bronze transaction coin should be provided in the ratio of  14 two pence coins for  every 
10 half  and one penny coins. 

The assumptions on which the model was based were clearly unlikely to be wholly 
valid in practice, and existing systems were therefore  examined to see how far  they 
differed  from  this theoretical one. It had been noticed from  the survey that till holdings 
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were typical of  transaction reservoirs as a whole, and on the assumption that this would 
be true elsewhere small-scale surveys were arranged of  till holdings in five  other European 
countries and in the United States. The results of  these are shown in diagrammatic form 
in Appendix II. Over all they seemed to show very reasonable conformity  with the model, 
but there were several instances where particular denominations, like the U.K. sixpence, 
circulated in unexpectedly large numbers. As this phenomena could not be explained and 
it could not therefore  be forecast  which of  the new decimal coins might be similarly 
popular, it was decided to add 50 per cent to all the quantities of  transaction coin shown 
to be required by the model. 

D I S T R I B U T I O N 

Getting the total of  the decimal stockpile right was only part of  the problem, as it was 
clearly vital that the coins should be in the right place at the right time. As 'D' Day 
approached it had become increasingly clear that the change-over would be very rapid 
and that substantial demands for  the decimal coins would develop within a few  days 
everywhere. Before  'D' Day stocks had to be got into some 14,000 bank branches which 
in turn had to distribute them to their customers. 

Past experience of  the amounts of  coin handled by particular branches was unhelpful, 
since during the early part of  the changeover a completely new pattern of  coin circulation 
was to be expected. Normally, some bank branches tend to be net receivers of  coin while 
others are net issuers, but around 'D' Day all could be expected to become issuers of  the 
new coinage and for  a time there would be no flow-back. 

In the end no means could be found  of  predicting the likely requirement of  individual 
bank branches and it was decided to attempt no more in the first  instance than to get 
broadly the right amounts of  coin to particular areas of  the country. This was done on 
the basis of  population and branches' normal stocks of  £sd coins. (By themselves the 
latter were not a reliable guide since the survey had revealed that in relation to population 
those in the south-east of  England tended to be about twice as high as those in the north.) 
The banks made special arrangements to facilitate  the sharing of  stocks between their 
branches at local level, and in order to reduce the magnitude of  any possible last-minute 
redistribution problem, bank customers were invited to place orders for  their 'D' Day 
requirements well in advance. Regional reserves were established at a number of  places 
with a main reserve at the Mint itself.  A nice balance had to be established between 
amounts committed to the reserves and the amounts distributed, for  the more coin that 
was held back in reserve the greater was the chance that local supplies would be found 
inadequate. On the other hand a thinly spread surplus would be difficult  to muster if  local 
shortages did develop. Past experience had shown that rumoured shortages could all too 
quickly develop into real shortages because of  the tendency for  users to react by building 
up private stocks. Operational research techniques were used to solve the problem. 

O U T - T U R N 

The change-over when it finally  began after  more than four  years of  planning took 
place smoothly and was completed quickly. Within a few  weeks the great majority of 
shops and transport authorities were working with the new system and large numbers of 
meters and vending machines had been converted. Coin stocks everywhere proved 
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adequate and no significant  use of  central reserves was necessary. Out of  the four 
denominations that comprised the bulk of  the stockpile, two had to be put back into 
production some three months after  'D' Day. This was expected and indicated that the 
stockpile calculations had been as nearly accurate as we could have hoped. Stocks of 
the other two coins, however, still remain, and these clearly had been over-provided. 

Exactly why the surpluses have not yet been absorbed is difficult  to explain. Coin 
demand in this country has always been subject to wide and unexplained fluctuation, 
and the effects  of  decimalization cannot therefore  easily be separated from  changes that 
might have occurred in any case. 

A P P E N D I X I 

A M O D E L FOR T R A N S A C T I O N COIN 
The  Ideal  System 
Consider a hypothetical system which has only a penny piece and a two-penny note. If 
transactions are made using the minimum number of  coins, it is clear that the number of 
pennies changing hands in one transaction can only be 0 or 1 and that the number of 
pennies that a person holds in his pocket can only be 0 or 1. Also, the price ending is 0 
if  the price is a multiple of  2d., or 1 if  it is not. The table below lists all the possible 
transactions involving pennies in such a system. 

Prices ending  Number  of  pennies Number  ofpennies  Number  ofpennies 
in pennies held  before  transferred  held  after 

purchase purchase 
0 0 0 0 
0 1 0 1 
1 0 1 1 
1 1 1 0 

These figures  lead to the following  conclusions: 
(i) The average number of  pennies changing hands in a transaction is 0-5. 

(ii) The number of  pennies held by a person after  transaction can be 0 or 1 and both 
cases are equally likely, whatever the price of  the transaction. This is important 
because if  it were not so the system would be very sensitive to prices. 

The table can be rearranged in a more compact form  as illustrated in the last section of 
this appendix which also gives similar tables for  the following  hypothetical coin systems: 

one penny coin and a three-pence note, 
one penny coin and a four-pence  note, 
one penny coin and a five-pence  note. 

It is clear that in each case, the numbers of  coins held by a person after  a transaction are 
equally likely whatever the price. 

Generalization 
It can be deduced in any system of  coinage that the average number of  coins of  a 

particular denomination which changes hands in a transaction depends only upon the 
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ratio between this denomination and the one above it. The following  table summarizes 
the information  in the table overleaf. 

Ratio Average number 
of  coins per 
transaction 

2 0-50 
3 0-89 
4 1-25 
5 1-60 

For intermediate ratios, the average number of  coins changing hands in one transaction 
may be calculated or found  more simply by interpolation. 

For instance: 
Ratio Average number 

of  coins per 
transaction 

2-5 0-70 

[Appendix  I  is continued  on p. 176.] 
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Transaction  Coins Used  in an Ideal  System 
Each table lists all the possible transactions when the value of  the next denomination is 
respectively 2, 3, 4, and 5 times that of  the coin considered. 

Ratio 
2 

Price 

0 

Coins held before purchase 
0 1 
0 0 
1 1 

Coins transferred 

Coins held before purchase 
0 1 
0 1 
1 0 

Coins held after purchase 

Ratio 
3 

Price 

0 

T 

Coins held before purchase 
0 1 2 
0 0 0 
2 1 1 
1 1 2 
Coins transferred 

Coins held before purchase 
0 1 2 
0 1 2 
2 0 1 
1 2 0 
Coins held after purchase 

Ratio 
4 

Price 

0_ 

J_ 

2 

Coins held before purchase 
0 1 2 3 
0 0 0 0 
3 1 1 1 
2 2 2 2 
1 1 1 3 
Coins transferred 

Coins held before purchase 
0 1 2 3 
0 1 2 3 
3 0 1 2 
2 3 0 1 
1 2 3 0 
Coins held after purchase 

Ratio 
5 

Price 

0 

3 

Coins held before purchase 
0 1 2 3 4 
0 0 0 0 0 
4 1 1 1 1 
3 3 2 2 2 
2 2 2 3 3 
1 1 1 1 4 
Coins transferred 

Coins held before purchase 
0 1 2 3 4 
0 1 2 3 4 
4 0 1 2 3 
3 4 0 1 2 
2 3 4 0 1 
1 2 3 4 0 
Coins held after purchase 
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A P P E N D I X II 

M O D E L P R E D I C T I O N S A N D ACTUAL BREAKDOWNS 
OBSERVED IN D I F F E R E N T SYSTEMS OF C U R R E N C Y 

MODEL ACTUAL 
BELGIUM 

25c 50c If 5f 25c 50c If 5f 

LUXEMBOURG 
•fc50c Belgian coin is legal tender 
but not popular 

25c 50c 1f 5f 25c 50c* 1f 5f 

UNITED KINGDOM 
(1)£sd 

& 1d 3d 6d 1/- 21-  2/6 
(2) DECIMAL iM 

2d 1d 3d 6d 

EXPECTED 

• • • • I • • • • • 
I p I p 2P 5P 10P 2P 1P 2P 5P 10P N 
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MODEL ACTUAL 

GERMANY 

5Pf 10 PF 5 0 P F L D M 2 DM 5pf 10pf 50pf 1DM 2 DM 

FRANCE 

H t a l - H . I 
5c 10c 20c 50c I N F 5 c 10C 20C 50C I N F 

SWITZERLAND 

5c 10c 20c 50c 1F 5C 10C 20C 50c I F 

U.S.A. 

I h I 1c 5c 10c 25c 50c 1c 5c 10c 25c 50c 
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