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Abstract

The shift away from cash and checks toward cards is illustrated using
a number of measures, including an econometic model. Applied to Spain,
the share of cash in (legal) transactions may have fallen by up to 20% dur-
ing the 1990s. A forecast of the future use of cash and cards is presented
and implications for government revenues and the banking industry are
outlined.
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1 Introduction.
Two essential services are provided by banks. They intermediate deposits
into loans and promote economic growth by matching savings with investment.
They also provide payment services to consumers and business …rms, services
which are needed to facilitate the trade and exchange associated with economic
activity.

In providing payment services, banking …rms and other payment processors
need to forecast the likely future demand for various payment instruments–from
providing cash through branch o¢ces and ATMs to increasing the availability of
card terminals to expanding computer and telecommunication facilities involved
in processing electronic payments. In addition, governments obtain revenues
from issuing cash and consequently are interested in projections of its future
use.

Our purpose is to provide an estimate of the use of cash and electronic card
payments in Spain. While anecdotal information suggests that the share of cash
in payments is falling, the speed and extent of this reduction is not obvious. We
focus on legal, reported activities as opposed to determining the value of cash
used in the underground economy associated with tax evasion and other illegal
activities generally. A primary goal is to provide a 5-year forecast of the future
use of cash and electronic card payments. This requires an estimate of what
the share of cash use has been in the recent past.

In what follows, Section 2 outlines and contrasts the current use of cash
and other payment instruments in Spain with that in other European countries.
Spain appears to rely more heavily on cash than either Germany or France and
initiates fewer non-cash payments per person. Although the large expansion of
ATMs has made it easier to obtain cash, a rapid growth of card terminals at the
point of sale and the rise in direct debits have all contributed to a decline in the
share of cash used to purchase goods and services, to pay bills, to make payroll
disbursements to employees, and to make low value business transactions after
1993.

A simple direct calculation using data on the value of point-of-sale trans-
actions and the value of card and consumer check payments is developed to
approximate the unknown value of cash transactions in Section 3 while a be-
havioral model of cash use is developed and estimated in Section 4. This model
uses time-series information on changes in the value of cash outstanding, the
value of card and consumer check payments, the number of ATM and card ter-
minals in place, the interest rate, and the value of point-of-sale transactions.
In Section 5, the econometric cash share estimate is used in a logistic S-curve
model to forecast changes in cash and card payments …ve years ahead. Section
6 contains a summary of our results and conclusions.
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Table 1: Cross-Country Indicators of Cash and Non-Cash Payments, 2000
Non-Cash Transactions

Country: CURR/GDP per Person per Year
Spain 8.9% 56
Germany 6.2 177
Portugal 4.7 94
Sweden 4.3 127
France 3.2 196

2 Inferring Cash Use Across Countries and in
Spain.

2.1 Cash Use in Europe.
Cash has many useful attributes as a payment instrument. It is universally
accepted as …nal payment, is a mobile store of value, and is easy to obtain from
banking o¢ces or (today) from ATMs. It is also cheap to produce. It only costs
about 0.08 Euros to print a 100 Euro note. As cash production is a government
monopoly, the di¤erence between its production cost (0.08 Euros) and its face
value (100 Euros) represents revenues for the government. In reality, the value
of cash outstanding is non-traditional debt since it may have to be redeemed in
the future if cash use falls absolutely.

While this production cost rises as currency wears out and is replaced with
new notes, the existence of cash reduces the need for governments to borrow to
meet their budgeted expenditures. By borrowing less, governments save the
interest expense they would otherwise have to pay. With an interest rate of 5%,
borrowing costs are reduced by 5 Euros annually for each 100 Euro note put into
circulation. This cost savings clearly more than o¤sets the cost of replacing
currency as it wears out since even the most used notes have an average lifetime
before replacement of about 1.5 years.1

Over time, cash has been replaced in many types of transactions by the
increased use of non-cash payments–checks, debit cards, credit cards, and giro
payments (credit transfers and direct debits). This replacement of cash has
reduced government seigniorage revenues from what they would otherwise have
been. O¤setting this trend of cash replacement in legal trade and exchange
has been the increased use of cash associated with various illegal activities, the
largest of which is apparently tax evasion.

While we know the value of the stock of cash that is in circulation, it is very
di¢cult to determine the value of the ‡ow of cash used for payments. Indeed,
cash payment ‡ow data are not available in any country. It is even more
problematic to try to determine the ‡ow of cash payments between legal and

1 Spain, Greece, Ireland, and Portugal have all decided not to issue 500 Euro notes, which is
the largest note. While these notes will still be issued in other countries and will be accepted
in Spain, it is recognized that very large denomination notes facilitate illegal activities.
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Table 2: Indicators of Cash Use in Spain, 1986-2000 (in percent)
1986 1988 1990 1992 1994 1996 1998 2000

CURR/GDP 7.8 8.2 9.0 10.2 11.1 10.3 9.7 8.9
CURR/M1 20.4 19.1 19.7 23.5 24.9 25.0 20.7 20.4
CASH/POSsales 85.8 82.8 79.0 84.8 87.1 83.6 80.8 79.9

illegal activities. As a result, most attempts to approximate the use of cash in
a country have used indirect measures, such as the stock of currency and coin in
circulation (CURR) relative to the value of goods and services being produced
domestically (GDP).

The ratio of the value of currency and coin in circulation to the level of GDP
(CURR/GDP) for Spain and four other European countries is shown in Table 1.
The countries are ranked by their apparent reliance on cash, with Spain being
the highest (at 8.9%) and France the lowest (at 3.2%) among the …ve countries
shown.2 In principle, it would be expected that the greater a country’s stock of
cash relative to GDP, the lower the number of non-cash transactions per person
in that country. This expectation holds for Spain which has the fewest non-cash
transactions per person per year (56) and for France which has the most (196)
but only weakly holds for the other countries.3 As seen, Spain appears to rely
relatively heavily on cash for payments using either of the measures in Table 1.

2.2 Evolution of Cash Use in Spain.
Two approximate indicators of cash use in Spain are shown in Table 2. The
ratio of cash (CURR) to GDP rises after 1986, reaches a peak in 1994, and
falls 20% from this peak by 2000. An alternative measure is the ratio of
cash to the M1 measure of the money supply. The stock of cash funds the
(unknown) ‡ow of cash payments while M1, which includes the stock of cash
plus liquid bank deposits, funds both cash and non-cash payments. The ratio
of cash to M1 reaches a peak in 1995 and also falls 20% by 2000. The falling
share of cash is accompanied by a rise in the number of non-cash payments per
person. Indeed, non-cash payments were 27 per person in 1990 and doubled to
56 by 2000. Although Spain relies relatively heavily on cash to make payments
compared to other European countries, after 1993 this reliance has been reduced
by shifting to non-cash instruments. We now present two more direct measures
of cash use in Spain.

2 The assumption here is that for the same level of economic activity (GDP), countries that
use a large amount of cash for payments will also have to hold a larger stock of cash to support
these payments. As the turnover of cash can easily di¤er among countries (e.g., as when cash
is more easily accessed via ATMs in one country versus another), the rankings shown in Table
1 are only approximate.

3 Speci…cally, Germany has the second highest CURR/GDP ratio–suggesting a relatively
low use of non-cash payments–but uses almost as many non-cash payments per person as does
France which has the lowest CURR/GDP ratio in the table.
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3 Determining Cash Use Directly.
In the past it was not uncommon to use cash for bill payments, wage disburse-
ments, and some large value …nancial transactions. Since the 1950s and 1960s,
this practice has been largely replaced in most developed countries by safer and
more convenient check and giro payments. As a result, the use of cash in
Europe since 1980 has been primarily restricted to consumer POS transactions
(POSsales) where cash, debit and credit cards, and (in some countries) checks
are the typical payment method.

The use of cash at the point-of-sale can be approximated by obtaining an
estimate of the total value of all point-of sale payments (POSsales) and subtract-
ing the value of non-cash payments presumed to be made at the point-of-sale.
For our purposes, POSsales include purchases at all retail stores, hotels, restau-
rants, and expenditures for entertainment, medical services, rental housing, and
transportation (gasoline, car rental, train, bus, subway, and taxis). Debit and
credit card payments (CARD) are almost entirely made at the point-of-sale as
are most (but not all) consumer-related check payments (CHECK).

One way of approximating the unknown value of cash use (CASH) is obtained
from the equality CASH = POSsales - CARD - CHECK, with the quali…cation
that the value of consumer check payments is only approximate.4 The implied
share of cash using this equality is shown in the last row of Table 2. The share
of cash in POSsales rises to a peak of 87.6% in 1993 then falls to 79.9% by
2000. The reduction cash use from its peak is 9%, which is lower than the 20%
reductions seen for the other two cash indicators in Table 2.

Changes in this cash share ratio over 1986-2000 can usefully be divided into
three time periods. As an annual average over the years indicated in the …rst
column of Table 3, the following equality holds for each row: ¢POSsales =
¢CARD + ¢CHECK + ¢CASH (where ¢CASH is a residual). For example,
the average value of transactions at the point of sale from 1986 to 1990 rose by
9.65 billion euros annually. Of this, only .64 billion euros was from debit and
credit cards while 2.60 billion was from estimated consumer check payments.
This leaves 6.41 billion euros attributed to the change in cash payments and
results in a yearly -1.7 percentage point reduction in the share of cash as a
percent of all POS sales. During this period the cash share fell from 85.8% in
1986 to a low of 79.0% in 1990.

The data we have is more reliable for the 1990s. From 1991 to 1993, the cash
share rose to 87.6% in 1993 which is the highest share observed over the 1986-
2000 period. While a large rise in the value of consumer check payments was the
reason for the falling cash share in the …rst period (1986-90), a large reduction
in the yearly value of check payments from 1991 to 1993 (-3.47 billion) is the
reason for the rising cash share during this second period.5 This reduction in

4 An appendix is available from the authors by request that contains the data used in the
paper and their sources.

5 Check payments fell for two reasons. First, and most importantly, bank fees on check
use rose to help o¤set the higher interest rates then being paid to attract deposits after
branching restrictions on savings banks (which have about half of all deposits) were removed
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Table 3: Average Annual Change in Payment Values by Instrument (in Euro
Billions)

POS Card Check Cash Change in
Years Sales Payments Payments Payments Cash Share
1986-1990 +9.65 +.64 +2.60 +6.41 Falling -1.7
1991-1993 +8.10 +1.39 -3.47 +10.18 Rising +4.3
1994-2000 +4.10 +2.43 +.18 +1.49 Falling -1.3

check payments meant that the value of cash transactions seemingly experienced
a considerable increase (rising by 10.18 billion a year).

It is only in the last period, 1994-2000, that electronic debit and credit card
payments start to strongly replace cash at the point of sale. Sixty percent of
the average yearly 4.10 billion euro rise in point-of-sale payments from 1994 to
2000 was accounted for by the 2.43 billion rise in card payments, with smaller
increases in check and cash payment values. The resulting average annual -1.3
percentage point decline in the share of cash in point-of-sale payments reduced
the cash share to 79.9% in 2000 (very close to the low value of 79.0% attained
earlier in 1990). This time, however, there seems to be no reason to expect that
the cash share will reverse its decline in the future (as occurred when the growth
of check payments over 1986-90 was reversed over 1991-93). The share of cash
is expected to continue to fall and that of electronic card payments to rise. This
is because the expansion of card payments over 1994-2000 was associated with a
403,000 increase in card terminals–an expansion that doubled the total number
of terminals in place from their inception to 1994. A reversal–shifting from
cards to cash–would have to be associated with either a dramatic reduction in
the number of EFTPOS terminals in place and/or a signi…cantly higher price (in
terms of reduced convenience or higher cost) of making a card payment relative
to using cash. Neither of these things seem likely.

4 A Behavioral Model of Cash Use.

4.1 Model Speci…cation.
A weakness in the direct measure of cash use just presented lies in our estimate
of the value of consumer POS check payments which, of necessity, is only a rough
approximation. No direct data exists on this value for Spain (nor for almost
any other country). Consequently, we develop and estimate an econometric
model which allows the parameters in the equality CASH = POSsales - CARD
- CHECK to di¤er from their implied values of 1.0 and considers other important
in‡uences on cash use as well.

in 1989. A second, less important reason, was that a recession had started to depress consumer
expenditures generally and this tends to reduce purchases of higher value items (reducing check
use).
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Traditional money demand analysis has been concerned with how the stock
of currency outstanding (as part of the money supply) is a¤ected by the level
of economic activity and the interest rate. Our analysis, based on Snellman,
Vesala, and Humphrey (2001) and Humphrey, Kaloudis, and Øwre (2000), ex-
tends the money demand literature to estimating the use of cash for legal trans-
actions in a country. We relate the ‡ow of cash being used by consumers to
changes in the stock of currency outstanding along with traditional determi-
nants of changes in this stock such as the level of economic activity and the
interest rate. In addition, we incorporate information on the value of card
and check payments along with the di¤usion of the technology that in‡uences
the substitution among cash, cards, and checks. This concerns the number
of available card or electronic funds transfer point-of-sale (EFTPOS) terminals
that allows card payments to replace both cash and checks at the POS. The
concurrent expansion of ATM terminals is also included since this has made
it easier to use cash. A force in the background, which can not be directly
included due to a lack of data, has been the direct and indirect pricing of many
payment transactions (e.g., checks) and the assessment of ATM fees.

The basic behavioral model is expressed in three equations. The …rst states
that changes in the use of cash (¢CASH) is related to the value of all consumer
payments where cash, cards, and checks typically occur (¢POSsales) minus
the sum of changes in the value of card (¢CARD) and check (¢CHECK)
payments:

(1) ¢CASH = Á¢POSsales ¡ ¢CARD ¡ µ¢CHECK (‡ow to ‡ow)
where:

µ = (µ0 + µ1EFT POP ).
The parameter Á is estimated and not presumed to equal 1.0 (as was the case in
the previous section) since other in‡uences may well dominate in the statistical
determination of cash use. The value of consumer use of cash at the point-of-
sale is unknown while good information exists for the value of card payments
(which is why no parameter is estimated here). The value of consumer checks
used at the POS is not directly observed but is approximated by multiplying
the average value of a card payment in each year (usually around 60 Euros)
by the volume of all checks written each year. Check volume reached a peak
of 270 million items in 1990 in Spain but has been falling since then.6 The
relationship between checks and the other variables is allowed to vary as the
number of EFTPOS terminals per unit of population (EFTPOP) expands and
a¤ects the substitution among checks, cards, and cash.

The second equation states that changes in cash used for consumer payments
(¢CASH) is partly determined by lagged changes in the stock of coin and
currency outstanding (¢CURRt¡1) and changes in the interest rate (¢r):

(2) ¢CASH = ¯¢CURRt¡1 + ®1¢r (‡ow to stock)
where:

¯ = (¯ 0 + ¯1AT MPOP ).
6 The problem here is in trying to distinguish between the relatively low value checks written

by consumers, which are believed to account for the majority of check volume, and the fewer
higher value checks typically written by businesses.
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Yearly shifts in the number of ATM terminals per unit of population (AT MP OP )
can a¤ect the relationship between the stock of currency in circulation and its
use in payments. The change in currency stock is lagged one period as it is
possible for ¢CASH and ¢CURR to be contemporaneously correlated. Cen-
tral banks have some ability to expand notes in circulation prior to and during
an economic expansion when cash use rises while the reverse holds with a re-
cession. However, decisions to print, issue, and circulate currency are clearly
made ahead of its use. The number of notes to print are primarily determined
by the rate of population growth, the rate of in‡ation, and the extent to which
certain notes (typically those of lower value) wear out and need to be replaced.

Setting the unknown value of ¢CASH in (1) equal to its value in (2), ex-
pressing the result in terms of the use of cards (as cards can substitute for both
cash and checks), and allowing the relationship between card payments and the
stock of currency (¯) as well as checks (µ) to vary over time depending on the
number of ATMs and the number of card or EFTPOS terminals per person
gives the …nal equation of the behavioral payment model:

(3) ¢CARD = ®0 + ¯¢CURRt¡1 + µ¢CHECK + Á¢POSsales
+®1¢r + ²

where:
¯ = (¯ 0 + ¯1AT MPOP )
µ = (µ0 + µ1EFT POP ).

The speci…cation of ¯ and µ allows for shifts in the relationship between cards
and cash and cards and checks over time. More ATM terminals favors cash
use while more card terminals favors cards. Once (3) is estimated, the change
in consumer use of cash for legal activities can be determined from (1) or (2).7

Although these two expressions both equal ¢CASH , they can generate di¤erent
values as they re‡ect di¤erent in‡uences on cash use. There is no reason to
expect that changes in the value of cash outstanding and changes in the interest
rate should a¤ect cash use for payment purposes in a manner identical to that of
changes in point-of-sale transactions net of the value of card and check payments.
As it turns out, the cash share results derived from (1) and (2) are within three
percentage points of one another in 2000.

4.2 Model Results.
Data on payments are quite limited, both in terms of quality and number of
observations. Unfortunately, yearly data are the highest frequency available.
As a result, we have few degrees of freedom but at least capture the period after
1993 when cards became an important substitute for cash (Table 3). Estimating
(3) using a non-linear procedure with annual data gave the parameter estimates
shown in Table 4.8 The …rst set of parameters (under the heading ¢CURRt¡1)
refers to our preferred speci…cation while the second set illustrates the result if
the currency stock variable is not lagged one period.

7 The signs of the estimated parameters determine the signs in (1) and (2) while -1.0 is the
restriction on ¢CARD in (1).

8 The non-linear subroutine LSQ in the TSP econometric package was used in estimation.
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Table 4: Determinants of Cash Used at the Point of Sale

¢CARD = ®0 + ¯¢CURRt¡1 + µ¢CHECK + Á¢POSsales + ®1¢r + ²

¢CURRt¡1 ¢CURRt Value of ¯ = Value of µ =
®0 = 555.3* 370.1* ¯0 + ¯ 1AT MP OP µ0 + µ1EF TPOP
¯0 = -.668* -.612* 1990 = -.49 -.11
¯1 = .481* .759* 1992 = -.45 -.18
µ0 = -.510* -.204 1994 = -.39 -.01
µ1 = .049* .027 1996 = -.30 .21
Á = -.037 -.005 1998 = -.21 .39
®1 = 30.21 1.919 2000 = -.14 .46

adj. R2 = .32 .82 * indicates t-value >
Sample size: = 13 14 critical t :05 = 2:447

Changes in the stock of currency and coin (¢CURR) were positive for all
but one year (2000).9 The negative value of ¯, which varies by year, suggests
that larger positive changes in the stock of cash are (all else constant) associated
with smaller changes in card use. The change in card use was positive and rising
in each year and the negative ¯ indicates that cards and cash are substitutes.
The smaller negative values of ¯ over time re‡ect the fact that changes in the
stock of cash were smaller in the last half of the 1990s and so had a smaller
substitution e¤ect on card use. The value of µ is …rst negative and then turns
positive. In the early 1990s, the change in consumer check value was negative
as check use fell. The negative change in checks times a negative µ indicates
that the change in card use was positive and rising, suggesting that cards and
checks are also substitutes. In the last half of the 1990s, the change in checks
was positive but small. Here the positive change in checks times a positive µ
also means that the change in card use was positive.

The values of ¯ and µ make it clear that cards substituted for both cash and
checks during the 1990s but it is unclear how intensive this substitution was
until we look at Á. That is, the substitution of cards for cash and checks can
be ”marginal” if the main determinant of the change in card value is the growth
of POSsales. In this case, cash and check use may fall only slightly since the
positive change of card use would be strongly associated with the positive change
in POSsales over the period. This implies that Á is positive and signi…cant.
However, Á is negative and insigni…cant. This means that the main determinant
of card use has been its direct substitution for cash and checks and was not
signi…cantly a¤ected by the overall growth of POSsales. If POSsales had not
increased at all, this substitution would still have occurred. Consequently, the

9 The reduction in currency stock in 2000 is the result of the central bank providing a large
increase in cash in 1999 to meet the expected rise in precautionary holdings related to the
date change for the new millennium. Some of this ”excess cash” was withdrawn in 2000.
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Table 5: Direct Calculation and Statistical Estimates of Cash Use in Spain
1990 1992 1994 1996 1998 2000 Change from Peak

CASH/POSsales 79.0 84.8 87.1 83.6 80.8 79.9 -9%
¢CURRt¡1 74.9 76.0 76.3 70.8 65.3 61.7 -21
¢CURRt 73.3 75.0 75.9 71.2 66.5 63.7 -18

substitution process has been intensive rather than marginal.10

The share that cash is of point-of-sale transactions over 1990-2000 is pre-
sented in Table 5. The …rst row repeats (for comparison purposes) the values
shown in the last row of Table 2 while the cash shares derived from the two sets
of parameter estimates of Table 4 are in the following two rows.1 1 All three
estimates show that cash use has fallen from its peak in 1993 (the same peak
year for all three). However, the extent of the reduction is di¤erent, ranging
from -9% to -21%. Since we have reservations regarding our estimate of the
value of consumer checks at the point of sale, we favor the estimates derived
from the econometric model. Indeed, these estimates of the change in the share
of cash in payments happens to correspond well with the two more approxi-
mate indicators shown in Table 2 which both fell 20% from their peak.12 As a
result, our view is that the current share of cash used in point-of-sale (legal)
transactions is in the low 60% range and that cash use in Spain–a high cash use
country–has fallen signi…cantly during the 1990s. These share estimates are
now used to forecast cash use in Spain …ve years ahead.

5 Change Over Time Forecast Model.

5.1 Cash Share Forecast.
Changes in the share of cash are associated with the di¤usion and adoption of
an alternative card payment technology. In many instances, the di¤usion of a
new technology has been found to closely follow a logistic S-curve which is a

10 For illustration, Á was restricted to equal 1.0 in (3) and the model was re-run. As
expected, (1) gave a predicted cash share of 79.9 which is the same as the directly calculated
value for CASH/POSsales shown in Table 2 while (2) gave a cash share of 20.7. The model
estimated had an adjusted R2= -.71 indicating that the restriction is unwarranted.

11 The annual estimated change in cash use from (1) or (2), after estimating (3), is cumulated
and added to a base value of cash outstanding in 1988 (for row 2 in Table 5) or 1987 (for row
3). It is then divided by POSsales to give the cash shares shown in rows 2 and 3. As the
base estimate of CASH is the same as that used in row 1 for the year in question, the cash
shares in rows 1 and 2 (1 and 3) are the same in 1988 (1987).

12 To address the likelihood that the total value of cash in circulation overstates the stock of
cash used for legal transactions, we deleted the largest value note (as these typically are the
most common in illegal transactions) and re-ran (3). Here the value of CURRt¡1 is net of all
Pta. 10,000 notes outstanding. The resulting cash share in 2000 was 63.7% which compares
favorably with 61.7% for the same model in Table 5. We take this as support that our model
is apparently robust to alternative measures of the stock of coin and currency in circulation
being used for legal, reported activities.
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Table 6: Predicted Future Use of Cash in Spain: 2001-2005

¢CURRt¡1 ln(St=(1 ¡ St)) = ¡1:74 + :081t adj R2 = :87
¢CURRt ln(St=(1 ¡ St)) = ¡1:58 + :065t :81

2001 2002 2003 2004 2005
¢CURRt¡1 60.8 58.9 56.9 54.9 52.8
¢CURRt 63.2 61.7 60.1 58.5 56.9

simple function of the passage of time. The adoption and use of the telephone,
television, fax machine, mobile phone, and even robots in auto manufacturing
tend to follow a logistic curve.

In a detailed empirical comparison, Meade and Islam (1995) have shown that
the standard logistic (and related Gompertz) S-curves outperform more com-
plicated models. The logistic curve is linear and symmetric about its in‡ection
point and only requires that two parameters be estimated. The Gompertz mod-
els are more ‡exible but are non-linear and thus more di¢cult to estimate. For
a variety of reasons–small sample size, no in‡ection point yet in the cost share
data of Table 5–the Gompertz S-curve models (not shown) did not converge to
a solution when they were estimated. Thus our forecast relies on the following
logistic S-curve where the share of all non-cash payments (St = 1¡ cash share)
is a function of time (t):13

(4) Logistic (linear, symmetric) ln(St=(1 ¡ St)) = a + bt + ².
In the logistic model, the pattern of initial and current cash replacement over
1988-2000 is used to predict the remaining pattern of replacement–which is the
forecast.

The two estimated logistic models shown at the top of Table 6 are used,
respectively, to generate the two cash share forecasts shown in the bottom half
of this table.14 All the estimated parameters are statistically signi…cant and
the adjusted R2 values for the logistic S-curves using the information from the
econometric model (the last two rows of Table 5) have a good …t.

Of primary interest are the predicted shares for the …ve-year forecast to 2005.
This suggests that cash use may continue to fall so that in …ve years the share
of cash used at the point-of-sale may only account for 53% to 57% of the value
of sales. The share of cash over 1990-2005 is illustrated at the top of Figure 1.
The share of cash may fall by an average of from 1.3 to 1.6 percentage points a
year over 2001-2005. This is a slower rate of decline than was experienced over

13 The parameter a is an intercept that determines the vertical position of the curve while b
is the coe¢cient of di¤usion or the slope of the S-curve. The variable St equals 1 minus the
cash share since the maximum value of St in the logistic model is 1.0 while the minimum
possible value of our cash share variable is zero.

14 A logistic curve using the shares from CASH/POSsales in Table 5, which had a smaller
reduction from its peak than the other two share estimates, generaged a very ‡at share forecast.
The slope of this logistic curve was not signi…cantly di¤erent from zero and the forecasted
share for 2005 was slightly higher than the computed value shown in Table 5 for 2000.
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1994-2000 in Table 5 after the peak in 1993 (where the yearly reduction was 2.0
to 2.4 percentage points). We now turn to what is almost the opposite of the
cash share forecast–namely, a forecast of future card use in Spain.

5.2 Card Share Forecast.
The share of debit and credit cards in total point-of-sale transactions over 1990-
2000 is shown in the bottom half of Figure 1. Over this period, the share of
cards grew by an average of .9 percentage points annually, rising from only 4.8
percentage points in 1990 to 14.5 in 2000. Starting from a small base, the
value of card payments rose almost …ve-fold during this period. The year-to-
year change in share values has in all but one year been increasing absolutely,
a pattern consistent with the …rst stage of technology di¤usion in a logistic
S-curve.

The result of …tting a logistic curve to the 1988-2000 card share data is
also illustrated in Figure 1.15 This forecast suggests that the share of card
payments in point-of-sale transactions may rise by 70% over 2001-2005, perhaps
rising to 25% of all POS transactions. The implied share of checks in POS
payments is determined from one minus the estimated cash and card shares
and is essentially ‡at until 2000 and then starts to fall o¤. As more payment
data becomes available over the next few years, the accuracy of these forecasts
will improve. And, as an in‡ection point in the payment share data becomes

15 The …tted relationship was tight (with an adjusted R2 .98) and the coe¢cients were
signi…cant.
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evident, it will be possible to predict the saturation point of card technology
adoption and have a …rmer idea on the minimum point of cash use. We now
turn to the implication of these results for the Spanish banking system.

6 Conclusions and Implications.

Historically, cash has long been the primary payment instrument for consumer
point-of-sale (POS) transactions and bill payments. Across countries, and
relative to their level of GDP, Japan appears to rely on cash payments twice as
much as does Europe. Europe, in turn, appears to rely on cash twice as much
as does the U.S. Within Europe, Spain relies more heavily on cash and has
fewer non-cash transactions per person that does Germany, Portugal, Sweden,
or France.

Over the past 30 years, all of Europe has been moving away from cash
for consumer transactions. Initially, this shift was primarily toward expand-
ing check payments at the point-of-sale and increased use of paper-based giro
transactions for bill payments. Later, debit cards started to replace checks as
well as cash at the point-of-sale and cheaper electronic giro payments replaced
its paper-based counterpart.

In Spain, checks importantly replaced many cash payments during the late
1980s. However, this situation reversed itself in the early 1990s as bank fees for
check use rose to help o¤set higher interest rates paid on deposits. As a result,
there was a shift back to cash and card use rose. During the mid to late 1990s
debit and credit cards have made substantial inroads on cash and check use in
Spain. Indeed, by a number of indicators, it appears that the share of cash in
point-of-sale payments reached a local maximum value of 78% around 1993 and
fell some 20% from this peak.1 6 By 2000, the share of cash had fallen to the
low 60% level and our (logistic curve) projection suggests that it may fall by an
additional 7 to 9 percentage points by 2005.

The expected reduction in the share of cash used in point-of-sale payments
in Spain means that the share going to cards is expected to rise from a share of
14% in 2000 to a share of around 25% in 2005. While there has been some talk
about the possibility of a card-based electronic ”purse” replacing cash for many
small value transactions, experiments and pilot projects in Europe have not been
successful (Van Hove, 2000). Although some small value cards have successfully
replaced cash in certain specialized applications (for phone, subway, and bus
use), their application and acceptance will need to be much more broadly based
to have any signi…cant overall e¤ect on the future use of cash. Currently and
in the near term, this development will not signi…cantly a¤ect the level of cash
use in Spain.

There are a number of implications for the banking system from these pro-
jected changes in payment instrument use in Spain. First, with the expected
future reduction in the share of cash in point-of-sale payments, the current

16 This is a local maximum since the share of cash was in the mid-80% range during the
1980s).
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number of ATMs and small branch o¢ces are likely to be su¢cient (or close to
su¢cient) to meet the future demand for cash by depositors. While there can
be other reasons for various banks to attempt to expand the density of their
ATM and branch networks, in order to provide greater convenience for their
current depositors and in trying to attract new depositors to expand their de-
posit market share, there seems to be little need to expand the density of these
networks overall.

Second, the low and (likely) falling share of consumer checks in POS pay-
ments suggests that the relatively labor and transportation intensive process of
processing and clearing checks will be reduced further in the future. Indeed,
if check use falls absolutely over time, bank check processing operations will
experience increasing unit costs. This is due to a reversal of volume-related
processing economies of scale realized when check volumes were higher. Conse-
quently, banks will have to consider raising the fees they directly (or implicitly)
assess depositors for using checks. The reduction in check use over 1991-93,
when fees on check use were raised earlier, suggest that consumers and businesses
are sensitive to changes in the cost of using di¤erent payment instruments. In-
creases in check costs to users will merely speed the shift away from checks
toward card use at the point-of-sale and toward electronic giro transactions for
bill payments, disbursements, and interbusiness transactions.

Third, the expected rise in the share of (mostly debit) cards from 14% in
2000 to 25% of point-of-sale payments by 2005 would represent a 70% rise in
card share. Such a large increase in card use requires substantial continued
investment in electronic payment processing equipment and telecommunication
capacity. As scale economies in electronic payments are quite large, the ex-
pected rise in debit card volume will result in a signi…cant reduction in unit
cost per transaction. Overall, banks should …nd that the per transaction cost
of providing payment services will fall and contribute to improved pro…ts and
return on assets or equity.

Finally, as it costs only about .08 Euros to print a 100 Euro note, the govern-
ment will obtain less seigniorage revenue from issuing new currency notes than
it otherwise would if cash use grew at historical rates.17 In the more distant
future, if cash use falls absolutely, the savings from not having to pay interest
on outstanding cash holdings will fall and other revenue sources will have to be
found to redeem currency as it is withdrawn from circulation. Should this start
to occur, it may make sense for governments to consider the possibility of issu-
ing euros in electronic form on a smart card, as is reportedly being considered
by Singapore. In this way, future revenue losses may be minimized, consumers
can continue to shift to more convenient and secure payment instruments, and–
depending on how the arrangement works–the ability to evade taxes and engage
in illegal activities may become more di¢cult.

17 This e¤ect is mitigated to some degree by the fact that seigniorage revenues obtained by
the Spanish government are not solely dependent on the value of Euros issued and used in
Spain. The European Central Bank has devised a di¤erent formula for sharing the seigniorage
revenues across Euro-using countries.
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