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1.Introduction

Innovations in payments system underpinned by an electronic technology are  transforming the monetary landscape of many countries.  In the previous Yearbook,  we had given a comprehensive survey of the trends in cashlessness in selected EU and G10 countries.  In this feature, our objective is to develop an analytical framework that captures some of the crucial aspects of the growth in electronic payments networks in M (Automated Teller Machine) dispensed cash and debit/credit card type point of sale (POS) media.  
table 1:  average growth in the value of retail expenditure (A.R.E*) and monetary base(M0)


A.R.E*
Average growth in the monetary base (M0)
Average growth in the value of ATM(cash) transactions
Average growth in the value of card transactions


1991-1998
1991-1994
1995-1998
1991-1998
1991-1994
1995-1998
1991-1998
1991-1994
1995-1998
1991-1998

Can.
13.63
4.19
3.59
3.89
14.52
15.08
14.80
9.03
18.57
13.80

Japan
8.96
7.82
6.86
7.34
16.59
3.97
10.28
6.03
9.26
7.65

Swit.
12.67
0.36
3.62
1.99
10.75
2.57
6.66
30.52
15.41
22.97

USA
13.23
7.44
5.88
6.66
9.89
8.28
9.08
12.71
20.94
16.83

Belg.
16.13
1.69
5.57
3.63
21.42
6.43
13.93
21.38
15.98
18.68

DK
14.24
20.73
10.68
15.71
10.90
10.00
10.45
17.19
13.72
15.45

Fin.
7.78
18.33
-9.80
4.26
12.39
6.21
9.30
3.35
9.39
6.37

Fra.
7.86
-3.64
-0.43
-2.03
9.56
8.46
9.01
8.94
5.47
7.21

Ger.
14.67
5.22
1.87
3.55
11.11
15.43
13.27
26.37
19.25
22.81

Italy
24.41
-0.39
-5.57
-2.98
23.58
23.60
23.59
22.50
31.89
27.20

Neth.
28.08
2.73
-1.53
0.60
36.38
6.05
21.21
105.75
30.61
68.18

Port.
33.87
10.03
-3.48
3.28
33.68
30.30
31.99
52.79
26.22
39.50

Spain
11.44
4.98
-0.13
2.43
12.89
6.65
9.77
18.30
17.25
17.77

Swe.
15.15
-1.76
3.28
0.76
20.18
7.22
13.70
24.28
14.69
19.49

UK
14.04
4.61
5.92
5.26
10.91
10.82
10.86
16.26
18.65
17.45

Source:  Bank for International Settlements (1993,2000), Payment Statistics for G10 countries, Basle.  European Monetary Institute (1994,2000), Payment Statistics for EU countries, Frankfurt.  International Monetary Fund, International Financial Statistics Yearbook 2000. 

The main feature of the monetary environment with EPTPOS (Electronic Fund Transfers at Point of Sale) is the economies in currency that it has made possible in retail transactions. As the bulk of monetary base (M0) is held as currency for retail transactions, in recent years in many countries (with the exception of Japan) where though the value of retail expenditures have surged ahead, the growth of M0 has not kept up.  This is possible only because a growing number of retail transactions can be made by the EFTPOS cash substitutes.  With less cash being withdrawn out of the banking institutions to make retail  transactions and with more of it being retained within the depository system, the growth of EFTPOS links in the economy has encouraged greater liquidity in depository institutions and financial deepening. (The latter is often measured by falling currency deposit ratio.)   Table 1 shows that M0 growth has slowed down in many countries, with some even recording negative growth rates.  In eleven of the fifteen countries, we find the value of card transactions have has grown faster than the rate of cash transactions. However, some countries show greater growth in card transactions in the first part of the 1990’s as opposed to the latter years.    

The low nominal interest rates and low inflation regimes of recent years is adduced to be a major consequence of such payments innovations. Countries with advanced ATM and EFTPOS  payment network densities as compared to those that are en route to acquiring these capabilities, have different monetary policy and other implications.  Some aspects of how cash-card substitution takes place in countries with high payment network densities can be shown to have crucial and sometimes perverse implications for monetary policy in low interest rate regimes.  We are able to make a comparative study of these features for selected countries. Thus, our analysis on payments innovations can address some of the issues and concerns that arise in the conduct of monetary policy in low interest rate and low inflation regimes.


It is well recognized by central bankers, that low inflation and low interest rate regimes do not necessarily augur good times.  Indeed, the threat of deflation is not far from their minds.
 When nominal interest rates are very low as there is limited leeway for further cuts, it is held that monetary authorities do not have a credible instrument to reflate the economy at a time of a sharp down turn.  
table 2: interest rates and inflation rates for selected EU and G10 countries


1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
Average

Can.
Dep.rate
12.81
8.62
6.67
4.92
5.59
7.15
4.33
3.59
5.03
4.91
6.36


Infl.rate
4.80
5.59
1.48
1.88
0.20
2.15
1.60
1.57
0.97
1.73
2.20



Jap.
Dep.rate
3.56
4.14
3.35
2.14
1.7
0.9
0.3
0.3
0.27
0.12
1.68


Infl.rate
2.98
3.32
1.76
1.22
0.70
-0.10
0.10
1.70
0.69
-0.29
1.21



Swit.
Dep.rate
8.28
7.63
5.5
3.5
3.63
1.28
1.34
1
0.69
1.24
3.41


Infl.rate
5.42
5.84
4.08
3.29
0.82
1.83
0.80
0.50
0.00
0.89
2.35



USA
Dep.rate
8.1
5.7
3.52
3.02
4.2
5.84
5.3
5.62
5.47
5.33
5.21


Infl.rate
5.28
4.32
3.02
2.93
2.64
2.77
2.90
2.33
1.61
2.15
3.00



Belg.
Dep.rate
6.13
6.25
6.25
7.11
4.86
4.04
2.66
2.88
3.01
3.01
4.62


Infl.rate
6.62
3.27
2.40
2.77
2.39
1.42
2.10
1.57
0.96
1.15
2.47



DK
Dep.rate
7.9
7.2
7.5
6.5
3.5
3.9
2.8
2.7
3.1
3.08
4.82


Infl.rate
2.60
2.43
2.15
1.16
2.08
2.04
2.10
2.25
1.82
2.45
2.11



Fin.
Dep.rate
7.5
7.5
7.5
4.75
3.27
3.19
2.35
2
1.88
1.80
4.17


Infl.rate
6.15
4.12
2.57
2.19
1.02
1.01
0.60
0.40
2.18
1.16
2.14



Fra.
Dep.rate
4.5
4.5
4.5
4.5
4.56
4.5
3.67
3.5
3.21
2.69
4.01


Infl.rate
3.34
3.24
2.38
2.01
1.76
1.73
2.00
1.18
0.68
0.58
1.89



Ger.
Dep.rate
7.07
7.62
8.01
6.27
4.47
3.85
2.83
2.69
2.88
2.43
4.81


Infl.rate
2.63
1.63
5.05
4.48
2.30
2.25
1.40
1.87
0.97
0.58
2.32



Italy
Dep.rate
6.8
6.64
7.11
7.79
6.21
6.45
6.49
4.83
3.16
1.61
5.71


Infl.rate
6.53
6.26
5.05
4.46
4.05
5.26
4.00
2.02
1.98
1.66
4.13



Neth.
Dep.rate
3.31
3.18
3.2
3.11
4.7
4.4
3.54
3.18
3.1
2.74
3.45


Infl.rate
2.46
3.20
3.10
2.58
2.83
1.94
2.10
2.15
1.92
2.16
2.45



Port.
Dep.rate
13.99
14.8
14.59
11.06
8.37
8.38
6.32
4.56
3.37
2.40
8.78


Infl.rate
13.48
11.32
8.89
6.77
4.92
4.17
3.10
2.13
2.85
2.31
5.99



Spain
Dep.rate
10.65
10.47
10.43
9.63
6.7
7.68
6.12
3.96
2.92
2.43
7.10


Infl.rate
6.58
6.05
5.83
4.59
4.71
4.71
3.60
1.93
1.80
2.33
4.21



Swe.
Dep.rate
9.93
7.96
7.8
5.1
4.91
6.16
2.47
2.5
1.91
1.65
5.04


Infl.rate
10.81
8.54
2.25
4.40
3.16
2.04
0.00
1.00
0.00
0.00
3.22



UK
Dep.rate
12.54
10.28
7.46
3.97
3.66
4.11
3.05
3.63
4.48
3.88
5.71


Infl.rate
9.44
5.91
3.68
1.61
2.44
3.41
2.40
3.22
3.41
1.56
3.71

Ave-rage
Dep.rate
8.20
7.50
6.89
5.56
4.69
4.79
3.57
3.13
2.97
2.62



Infl. rate
5.94
5.00
3.58
3.09
2.40
2.44
1.92
1.72
1.46
1.36


First row refers to deposit interest rate and the second row refers to inflation rate. Inflation rate is calculated based on the consumer price index with 1995 as the base year.
Source: International Monetary Fund, International Financial Statistics Yearbook 2000 and 2001. 
 
Table 2 shows how drastically nominal interest rates and inflation rates have fallen over the last decade in the selected countries.  By 1994, which we take as a watershed, on averaging over countries, the deposit interest rates had fallen by a half of what prevailed in 1990 and the inflation rate was below 2.5%.  The money market rates (see, Appendix) which are often set by monetary authorities have on average fallen to about 5% per annum by 1994.  In most countries (with the exception of Canada and the USA) the deposit interest rates are set well below money market rates.  This implies that low official/money market rates can precipitate dangerously lower deposit interest rates.   The Japanese case of near zero and now zero deposit and money market interest rates accords with  the classic scenario called the liquidity trap when even zero  interest rate cost on borrowing cannot stimulate the demand for loans.


The problem to date has been to quantify and model the links between growth of electronic ATM and EFTPOS networks in countries, lowered transactions demand for currency and hence the interest rates. Without an analytical model it is not possible to answer questions such as :In economies with high EFTPOS network densities is cash use in transactions likely to continue into the forseeable future ? How non-negligible can the share of cash be in the value of retail expenditures ?  Can low interest rates bring about a resurgence of cash use ?  What factors affect the rate of growth of the value of card use in retail expenditures relative to cash use? For instance in the absence of an analytical framework for the latter, it was notorious for predictions since the 1980’s for M0 growth to be far in excess of actual growth in M0.
  


Analysis of the adoption of network goods in an economy depends on mutual expectations of providers and users of the goods. For instance, against the status quo of a fully versatile currency, consumers will be encouraged to adopt card  payments only if they expect a critical mass of merchants will accept it in lieu of cash.  Similarly, merchants will hesitate to subscribe to EFTPOS links unless they expect large card usage by consumers.  Based on a model of this kind, we aim to throw light on the complex dynamics between the four crucial elements that characterize the modern cash-card economy:

(i) Deposit interest rates (r). 

(ii) The extent of payments network densities (k denotes the proportion of merchants with EFTPOS facilities).

(iii) The proportion of retail expenditures that are card financed as opposed to cash financed ( denotes the proportion of retail expenditures financed by cash). 

(iv) The keen cost competitiveness in the ATM provision of cash ( Tc# denotes the ATM costs per withdrawal). 

Using historical payments data from the Bank of International Settlements (BIS) and EMI (European Monetary Institute) from 1990-1998 for different countries, we devise a methodology to estimate the card payment network densities  (k) and the ATM costs per withdrawal (Tc#) for each of these years.  

2. Main Features of  ATM and EFTPOS Payments Networks

An interesting aspect of recent developments in payments systems is that it is underpinned by the proliferation of an electronic technology that has enhanced both cash dispensation via ATM networks as well as the use of electronic payment media like debit and credit cards at point of sale.  The primary feature of the new EFTPOS is that by forging direct links to consumers’ bank balances it can bypass the costs and problems associated with the verification of payors’ funds that has historically maintained cash-in-advance as the cheapest means of payment guarantee.  Electronic POS instruments and the use of cheques as cash substitutes in the payment system share the property that bank accounts with depository institutions are merely debited or credited and net liquidity within depository institutions remains unchanged.  However, despite the bank guarantee card, cheques
 never became prominent in retail expenditures to rival the use of cash. Further, the expansion of ATM networks by banks has enhanced the convenience yield of cash and reduced potential interest rate losses by increasing accessibility to cash closer to point of sale.  This has historically for the first time reduced the costs of cash use in payments.
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figure 1:  Per capita ratio of EFTPOS to ATM terminals: 1990-1998 
N.B. Data for Ireland 1996 -1998;Data for Portugal 1992 -1998.  From left to right:  The “ black” bar refers to 1990,1992,1994,1996 and 1998 and the “white” bar refers to 1991,1993,1995 and 1997 .

Source:   European Monetary Institute, (1994,1996,2000), Payment Systems in the European Union, (Frankfurt).  Bank for International Settlements, (1994, 1996, 2000), Payment Systems in the G10 countries, (Basle).

 Figure 1 highlights some of the competitive aspects of cash and card networks in payments systems.  Figure 1 which gives the relative network densities of EFTPOS to ATM terminals  (per person) from 1990-98 shows a typical profile.  In the early part of the last decade, clearly the ATM networks had a head start while towards the middle of the 1990's EFTPOS terminals have been increasing at a faster rate.
  In Belgium, Denmark and to a lesser extent in France, on the other hand, the EFTPOS networks dominated earlier and ATM networks have since been catching up. The flattening of the bar charts in Figure 1 in the late 1990s, indicates converging growth rates in ATM and EFTPOS networks in most countries. This is also evidence that the ATM provision of cash and EFTPOS card type media compete keenly on cost criterion relating to accessibility that encourages the consumer to use both instruments in their retail purchases.  Further, as noted in the EMI (1996, p.232), cash remains dominant in volume terms with as high as 70%-80% of all transactions. The commonplace feature that cash purchases are high in volume and low in value (below $10 on average, BIS Report, 1999) compared to card purchases clearly have differential flow effects from cash and card financed disbursements made by a typical consumer.  Unfortunately, anonymity of cash use has meant that records of cash purchases do not exist and have to be estimated.
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figure 2 : average payments data and estimates for selected EU and G10 countries
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3. Comparison of the relative speeds of EFTPOS growth in 10 Countries 

From Table 3 below, we find that starting in 1990, Italy and Spain have the least extensive card network coverage. While the unit costs of ATM network use in Spain and Italy have fallen substantially, the cost in Italy has remained the highest throughout. Portugal on the other hand, had relatively high EFTPOS capabilities of 63% in 1990, though ATM unit cost to the consumer was high at $1.24.  USA, Canada, Finland, Denmark and France are the most advanced in terms of electronic payments networks with the above average k of 79% being achieved in 1990 along with low ATM unit costs of about 11 cents. Belgium and the UK are similar in terms of where they started in 1998 with k’s of about 75%, cash use with  of over 55% and ATM units costs of 12 cents in the UK and 45 cents in Belgium. By 1998, most of the countries outside of those in the vanguard have achieved estimated card network densities of over 75%((k=0.75) and the marked changes in most countries took place in 1993-1994.  




Box 2:Estimates of Unit ATM Costs For Consumer

The consumers’ adoption of card payments media depends on their expectation on the extensiveness of card network provision by merchants and when making a choice of payments media, they compare the relative costs of using cash or card. The analysis is done in per capita terms.  Payments data from BIS and EMI give us historical per annum values from 1990-1998 for (i) The per capita value of ATM withdrawals denoted by c , (ii) The value of card payments ( k), (iii)  The proportion that is cash financed is given by =
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 , c=   , =c +k. ;(iv) The number of ATM cash withdrawals , Wc ; (v) The number of card purchases , Vk.  The deposit interest rates ,  r, are taken from IMF Statistics.

Costs of ATM Cash Use 

The costs of cash network use include the standard opportunity costs of holding cash balances which arises from foregoing interest income,r, the shoe leather cost of going to the nearest ATM , and thirdly the cost of using a non-compatible ATM.  The latter two will be simply denoted by Tc#.  As these costs apply per ATM cash withdrawal, the total costs, Tc, to a consumer of using cash payments for a per capita amount c of annual retail expenditures and Wc withdrawals is,

                                 Tc 
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The second term in (1) is the interest rate costs on average per capita transactions cash balance.  From well known optimal cash management theories put forth by economists, Baumol and Tobin (1952,1956)
, the optimal number of cash withdrawals is derived by minimizing equation (1) with respect to Wc.  Thus, we obtain the so called square root rule for optimal Wc* 
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  On setting the optimal Wc* to equal the historical value and using data on r,  and , we estimate the unit ATM costs as
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The per capita optimal cash balances is given by 

                  B*=
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When card substitution is possible,   < 1, we note that per capita transactions balances can contract in the order of 
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 relative to an economy in which 100% of expenditures is cash financed .
NB: To make appropriate unit cost comparisons between cash and card use, as cash annually involves high per capita volume of purchases, Vc, the latter is estimated to satisfy a relationship with the volume of card purchases, Vk, which is known.   The  formula we use is



Vc = Vk( r|D| +1).           (5)

Here, r is taken in full basis points and |D| (approximately about ½) is the duration of the present discounted value flow  of the card fund which is depleted at a per dollar rate of 1/Vk.  This formula equates the present value per dollar average value flows of the card and cash funds and satisfies the well known fact that cash purchases are high in volume but low in value relative to card purchases. 

            Box 3: Estimates of EFTPOS Densities : k 

The cost of using card is zero in terms of interest rate losses that are incurred on idle transactions balances.    However, card use will not proliferate unless consumers are confident that retailers will accept the card.  Consumers, therefore, face the risk of non-acceptance of cards and they have to fall back on the time honoured way of producing cash on the nail.   Hence, to a random consumer, the probability with which a card is accepted by a retailer is equal to k , viz. the proportion of all merchants in the economy that are EFTPOS linked. Thus, with probability (1- k ) when the card is rejected, the consumer has to incur the costs of cash use ,Tc# (see, Box 2, equation (3)).  The total cost, Tk, of putting through Vk volume of card transactions is as follows: 

                                              Tk  = 
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Merchants in turn, will not make the investment in the new EFTPOS machines unless they expect a large proportion of retail expenditures, (1- , by consumers will be financed by card payments.  The proportion of EFTPOS linked retail nodes in the economy can be assumed to have arisen and grown as outcomes of  strategic behaviour and mutual expectations of merchants and consumers.  The equilbrium we specify is one in which consumers will use both cash and card and hence the marginal  present value of unit costs for card and cash purchase is identical.  This gives



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The second equality is obtained by substituting for Wc*from equation (4) .  Given annual historical data on , , r ,Vk and having estimated Vc using formula in (5 ), we estimate the k EFTPOS densities for each country  for 1990-1998.   This has been reported in Table 3.
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figure 3:  competitiveness of cash-card network in top 8 of ten selected G10 and EU countries: 1990-1998 (USD)   
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In Figure 3 above, we compare the evolution in the degree of competitiveness in the cost of cash network (Tc#) and the extensiveness of card network coverage ((k) by selecting eight most cash-card competitive countries from Table 3 below.  The axis of the four quadrants marks the average in 1998 of the cost of cash network as measured by Tc# (11 cents) and the average of the card network coverage (79%).  Quadrant I, comprises of countries with low cost of ATM network but lower than average card network coverage.  Quadrant II, has countries with high cost of cash network and low card network coverage. Quadrant III contains countries with high cost of cash network but high card network coverage and lastly quadrant IV consists of countries with the low cost of cash network and high card network coverage.  In all countries, we find that the arrow has moved leftwards and upwards implying a move towards lower cost of cash network and higher card network coverage.  Finland tops the league in the competitiveness of both cash and card networks while Portugal’s long arrow shows how its high ATM unit costs were reduced by 1998.   The short arrow moving leftwards for USA and Canada implies that the competitiveness of cash-card networks has changed little.   

     What is remarkable is how three of the four economies in the vanguard of electronic networks for cash and card, viz. France, Finland and Canada, have shown a resurgence in cash use since 1993.  In Finland which has high card networks of 82% and low ATM unit costs of 5 cents, when deposit interest  rates halved from an average of 7.5 % in the years 1990-1992 to 4.75% in 1993 , we find that  jumped to 58%, implying a resurgence of cash use in payments.  In France where ATM costs are also low at about 12 cents , we find that the use of cash increased from an average  of about 39% to over 43% against a background of gradual interest rate falls.  Similarly in Canada, from low cash use  of 39% in 1990, when interest rates halved by 1994, given negligible unit 

ATM costs of 3 cents, cash use has picked up to about 44% of retail expenditures.  

table 3: payment estimates  in selected EU and G10 countries: 1990-1998 


Can.
USA
Bel.
DK.
Fin
Fra
Italy
Port.
Sp.
UK 
Japan
Ave.

1990
(
0.39
0.45
0.55
0.26
0.49
0.39
0.77
0.70
0.83
0.57
0.51
0.54


R
12.81
8.1
6.13
7.9
7.5
4.5
6.8
13.99
10.65
12.54
3.56
9.09


Tc#
0.09
0.12
0.45
0.82
0.15
0.19
4.65
1.24
0.68
0.28
3.73
0.87


(k
0.80
0.84
0.76
0.92
0.81
0.79
0.52
0.63
0.09
0.74
n.a
0.69

1991
(
0.43
0.46
0.53
0.23
0.54
0.40
0.77
0.62
0.82
0.56
0.55
0.54


R
8.62
5.7
6.25
7.2
7.5
4.5
6.64
14.8
10.47
10.28
4.14
8.20


Tc#
0.06
0.08
0.42
0.74
0.11
0.17
3.44
0.97
0.64
0.23
3.07
0.68


(k
0.71
0.81
0.78
0.93
0.77
0.77
0.52
0.77
0.22
0.74
n.a
0.70

1992
(
0.44
0.47
0.50
0.24
0.56
0.40
0.77
0.56
0.80
0.54
0.56
0.53


R
6.67
3.52
6.25
7.5
7.5
4.5
7.11
14.59
10.43
7.46
3.35
7.55


Tc#
0.04
0.04
0.42
0.80
0.08
0.16
3.05
0.78
0.64
0.15
1.95
0.62


(k
0.67
0.81
0.80
0.94
0.74
0.84
0.52
0.82
0.35
0.71
n.a
0.72

1993
(
0.43
0.46
0.54
0.25
0.58
0.40
0.79
0.58
0.80
0.53
0.59
0.53


R
4.92
3.02
7.11
6.5
4.75
4.5
7.79
11.06
9.63
3.97
2.14
6.32


Tc#
0.03
0.04
0.36
0.65
0.04
0.13
2.34
0.38
0.42
0.07
1.24
0.44


(k
0.67
0.84
0.79
0.95
0.67
0.83
0.52
0.78
0.49
0.70
n.a
0.72

1994
(
0.43
0.42
0.55
0.22
0.57
0.39
0.78
0.62
0.80
0.52
0.61
0.53


R
5.59
4.2
4.86
3.5
3.27
4.56
6.21
8.37
6.7
3.66
1.7
5.09


Tc#
0.03
0.04
0.22
0.37
0.03
0.12
1.64
0.23
0.26
0.06
1.00
0.30


(k
0.70
0.81
0.76
0.96
0.75
0.83
0.41
0.82
0.38
0.73
n.a
0.72

1995
(
0.44
0.41
0.54
0.21
0.56
0.39
0.76
0.61
0.79
0.50
0.61
0.52


R
7.15
5.84
4.04
3.9
3.19
4.5
6.45
8.38
7.68
4.11
0.9
5.52


Tc#
0.03
0.05
0.19
0.48
0.03
0.12
1.47
0.21
0.29
0.06
0.53
0.29


(k
0.74
0.80
0.78
0.96
0.76
0.83
0.41
0.80
0.47
0.74
n.a
0.73

1996
(
0.42
0.40
0.52
0.20
0.54
0.42
0.77
0.66
0.77
0.48
0.60
0.52


R
4.33
5.3
2.66
2.8
2.35
3.67
6.49
6.32
6.12
3.05
0.3
4.31


Tc#
0.02
0.04
0.12
0.35
0.02
0.08
1.03
0.13
0.22
0.04
0.14
0.21


(k
0.75
0.81
0.86
0.97
0.88
0.83
0.39
0.71
0.37
0.81
n.a
0.74

1997
(
0.38
0.38
0.50
0.20
0.55
0.45
0.73
0.64
0.75
0.47
0.58
0.50


R
3.59
5.62
2.88
2.7
2
3.5
4.83
4.56
3.96
3.63
0.3
3.73


Tc#
0.01
0.05
0.11
0.30
0.02
0.06
0.62
0.07
0.12
0.05
0.09
0.14


(k
0.79
0.82
0.85
0.98
0.99
0.81
0.47
0.71
0.41
0.79
n.a
0.76

1998
(
0.41
0.35
0.46
0.20
0.55
0.42
0.72
0.65
0.73
0.45
0.56
0.49


R
5.03
5.47
3.01
3.1
2
3.21
3.16
3.37
2.92
4.48
0.27
3.57


Tc#
0.02
0.04
0.11
0.36
0.02
0.05
0.33
0.05
0.08
0.06
0.06
0.11


(k
0.77
0.84
0.87
0.97
0.99
0.84
0.58
0.75
0.54
0.79
n.a
0.79

Ave.
(
0.42
0.42
0.52
0.22
0.79
0.55
0.41
0.76
0.63
0.51
0.57



R
6.36
5.21
4.62
4.82
7.10
4.17
4.01
5.71
8.78
5.71
1.68



Tc#
0.04
0.06
0.27
0.54
0.37
0.05
0.12
2.06
0.45
0.11
1.31



(k
0.73
0.82
0.81
0.95
0.37
0.71
0.82
0.48
0.75
0.75
n.a


( denotes the proportion of cash financed retail expenditure, r denotes the deposit interest rate, Tc# refers to the cost of ATM per transaction and  (k refers to the card payment network density.   The latter two are estimated based on the theoretical model presented in Boxes 2 and 3..  

Source:  European Monetary Institute, (1993,1996, 2000), Payment Statistics for EU countries.  Bank for International Settlements, (1993,1996,2000), Payment statistics for G10 countries.  International Monetary Fund, International Financial Statistics Yearbook 2000 & 2001.  

4. Card Network coverage, cash-cash substitution and monetary policy implications

The main thesis here is that cash-card substitution in an economy is determined primarily by the extent to which the retail nodes are EFTPOS linked.  Using the analytical tool given in Box 3 equation 7, for given historical values for the value of retail expenditures  and estimated Tc# , we can plot the combinations of (r,)(delete for)  that give the same equilibrium level of EFTPOS density in a economy.   Figure 4 specifically uses UK 1998 data on  and Tc# to plot the so called iso-k curves. 

figure 4: card network coverage ((k), interest rates (r) and the rate of cash-card substitutions (()

 




We note the following features of Figure 4:

· Downward sloping (k-curves imply an  inverse relationship between deposit interest rate, r, and proportion of cash financed expenditure, (.

· Leftward shifts of (k-curves in Figure 4 indicate higher levels of card network coverage with card dominance possible at lower and lower interest rates.  Conversely, improvements of EFTPOS links in an economy enables consumers to make smaller proportion of cash financed retail expenditures which can reduce M0 growth with lower demand for currency.  This can lead to greater liquidity in depository institutions and lower nominal interest rates. 

· The important point of Figure 4 is that as an economy becomes highly EFTPOS linked, along  with low ATM unit costs, the flatness of the k-curve implies that cash and card have become close substitutes and cash-card substitution is highly interest rate sensitive.  This has consequences for the conduct of monetary policy. 

· In the limit, when there exists full card network coverage, (k=1,  the iso-(k curve is horizontal and from Box 3 equation (7) we see that there exists a critical lower bound to nominal interest rates of approximately equal to 2%.  An infinite cash-card substitution (from cash to card and vice versa) can exist at this critical nominal interest rate of 2%.  Indeed, the iso-(k curve of advanced payments network economies such as Canada, France, USA correspond closely to the UK curve with 79% EFTPOS density while that of Finland in 1998 is virtually horizontal.

5.  Comparison of USA and UK 

Comparing the characteristic aspects of the cash-card networks in USA and UK is interesting as these networks have clearly matured in the USA at an earlier date than UK. By early 1990, the card network coverage in USA have reached almost 85% while in 1990, the card network coverage in UK is only 74% and has only converged to 80% in the recent years.  On the other hand, in terms of the cost of using ATM cash network, even as early as 1990, the Tc# in USA is 12 cents which is half of the cost of using ATM cash network in UK.  However, by 1998, the cost of using ATM cash network in both the countries has converged to approximately 5 cents.  In addition, since the early 1990 to mid 1990s, the interest rates in USA is lower than UK.  However, after 1994, interest rate in UK had fallen below USA and we see that UK began to experience a faster growth in (k.   

Table 4 below, gives our model estimates for optimal transaction balances in the USA and UK given a hypothetical 1%(100 basis point) increase in interest rates.  This is compared to the optimal transaction balances that will be demanded if these economies have zero EFTPOS links and =1.  The interesting  point is that in per capita terms as UK converges closer to the cash/card network capabilities of the US by 1998, the demand for cash (Table 4 , column 3) falls from $35 to $27 which is the US average in these years.  Further points from Table 4 are as follows.
· The combination of high (k and lower initial interest rate will result in higher interest rate sensitivity of cash-card substitution resulting in larger changes in the transaction balances.  Thus, cash to card substitution is greater in the US in the earlier years than the UK, whilst similar large interest rate sensitivities for cash balances are recorded in latter years for the UK.

· Estimates from a hypothetical pure cash economy is also included to show that if models for demand of transaction balances do not explicitly take into account the technology that underlies the dynamics of cash-card substitutions, there will be an overestimation of the levels of transaction balances and also an underestimation of the interest rate elasticity of cash-card substitution, (compare Table 4, columns 4 and 6). 

· The excessive contraction of per capita transaction balances in Column (4) highlights the potential expansion of liquidity in the depository institution, reducing the cash-deposit ratio.  When this happens interest rate increases targeted at curbing a credit boom may be futile in an economy with low initial interest rate, which is also accompanied by high card network coverage.

table 5:  Estimates of interest rate ineffectiveness with cash-card substitution: USA and UK

Year
     (k
Initial interest rate: ro (%)

       (1)
New Interest Rate Target:    

r+= ro + 1 

       (%)     

        (2)
Cash-Card Economy: ((<1):
Pure Cash Economy: 






   ((=1):





   B2E
   (3) 
  (B2
  (%)

    (4)
 B1E
  (5)
  (B1
  (%)

   (6)

1990
0.84

0.74
8.10

      12.54
9.10

      13.54
28.38

35.41
-14.06

 -8.61
46.67

49.39
-5.65

-3.76

1991
0.82

0.73
5.70

      10.28
6.70

      11.28
26.42

36.31
-21.18

-10.70
45.52

51.88
-7.76

-4.54

1992
0.82

0.72
3.52

7.46
4.52

8.46
20.34

34.22
-39.25

-15.34
43.24

51.65
 -11.75

-6.10

1993
0.85
3.02
4.02
17.91
-48.84
44.81
-13.33


0.71
3.97
4.97
23.46
-32.94
42.95
-10.62

1994
0.81
4.20
5.20
23.17
-31.06
46.51
-10.13


0.72
3.66
4.66
23.60
-36.84
45.92
-11.38

1995
0.80
5.84
6.84
26.87
-20.62
48.74
-7.60


0.74
4.11
5.11
26.40
-31.72
49.54
-10.32

1996
0.81
5.30
6.30
26.11
-23.21
49.15
-8.28


0.80
3.05
4.05
20.72
-47.86
49.78
-13.22

1997
0.82
5.62
6.62
26.77
-21.62
51.30
-7.86


0.79
3.63
4.63
26.01
-37.57
53.81
-11.46

1998
0.84
5.47
6.47
26.40
-22.35
52.62
-8.05


0.79
4.48
5.48
27.87
-36.98
52.57
-9.58

N.B.  The figures in the first row in italics, denotes the payment data for USA and the figures in the second row refers to payment data for UK.  Columns (3)-(6) are use derivation from equation (4) in Box 2 . 


In conclusion, we review the monetary base velocity with respect to private consumption. The M0 velocity (ratio of private consumption to M0) charts in Figure 5 are given in terms of two categories of countries.  Spain, Italy and Portugal where the EFTPOS network densities were growing in the last decade show the largest growth of M0 velocity staring from a low base of 3 in 1990.  The advanced networked countries, Canada, USA, France and Finland, having achieved on average double digit M0 velocity early in 1990, show flat and then falling velocity from the mid to late 1990s.  As we have indicated, Canada, Finland and France in fact have shown a resurgence in cash use with larger  proportions in the latter half of the decade.  This is in keeping with our analysis in  Figure 4 which shows how high k economies have relatively flat  k-curves which imply that cash and card  have become close substitutes in cost terms.  Hence, low interest rates can bring about a resurgence of ATM dispensed cash use.  

The case of Japan warrants a special mention.  Figure 5( a) shows that Japan’s  M0 velocity has plummeted.  This is for very different reasons to what has happened to  countries such as France, Belgium and USA.  These countries having achieved very highly competitive payments networks are enjoying some resurgence of cash use recently.  In the case of Japan, the very low interest rates of under 4% in 1990 (when other countries had over double that) worked as stumbling block to the further development in the growth of EFTPOS and cash economies from the growth of card substitutes. Between 1990-1998, Japan has had an average per capita cash balance of  $178.75 as compared to $30.51 and  $39.61 in the USA and UK, respectively.  In recent years, the recessionary collapse of private consumption has added to the decline of Japan’s M0 velocity.      

figure 5 : velocity of monetary base( ratio of private consumption to monetary base)

(a) (b)

Source:  International Monetary Fund, International Statistics Yearbook 2000.

Appendix:

table 1:  money market rate for selected EU and G10 countries: 1990-1999

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Can.
11.62
7.40
6.79
3.79
5.54
5.71
3.01
4.34
5.11
4.76

Japan
7.24
7.46
4.58
3.06
2.20
1.21
0.47
0.48
0.37
0.06

Swit.
8.33
7.73
7.47
4.94
3.85
2.89
1.78
1.35
1.22
0.93

USA
8.10
5.70
3.52
3.02
4.20
5.84
5.30
5.46
5.35
4.97

Belg.
8.29
9.38
9.38
8.21
5.72
4.80
3.24
3.46
3.58
n.a

DK
10.97
9.78
11.35
11.49
6.30
6.19
3.98
3.71
4.27
3.37

Fin.
14.00
13.08
13.25
7.77
5.35
5.75
3.63
3.23
3.57
2.97

Fra.
9.85
9.49
10.35
8.75
5.69
6.35
3.73
3.24
3.39
n.a

Ger.
7.92
8.84
9.42
7.49
5.35
4.50
3.27
3.18
3.41
2.73

Italy
12.38
12.21
14.02
10.20
8.51
10.46
8.82
6.88
4.99
2.95

Neth.
8.29
9.01
9.27
7.10
5.14
4.22
2.89
3.07
3.21
n.a

Port.
13.12
15.50
17.48
13.25
10.62
8.91
7.38
5.78
4.34
2.71

Spain
14.76
13.20
13.01
12.33
7.81
8.98
7.65
5.49
4.34
2.72

Swe.
13.45
11.81
18.42
9.08
7.36
8.54
6.28
4.21
4.24
3.14

UK
14.64
11.77
9.39
5.46
4.76
5.98
5.89
6.56
7.09
5.11

Source:  International Monetary Fund, International Financial Statistics Yearbook 2000 & 2001.
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 Box 1 :Summary of main findings 


In most countries, with the exception of Japan, the high interest rate regimes of the late 1980’s and the early 1990’s (see, Table 2) were a spur to the development of EFTPOS cash substitutes.  Figure 2 gives a plot of the estimates for the average growth of EFTPOS in the selected ten countries. (See, Box 3 on how to obtain estimates for k).  In 1990, the average k in these countries was 69% growing to 79% by 1998.  What is interesting as we will see, is the variations in the development of EFTPOS in the different countries with USA, Canada, Finland, Denmark and France having achieved EFTPOS network densities of over 79% (which is the average for all the ten countries in 1998) as early as 1990.  


In the period leading up to high EFTPOS densities in countries,  the cash economies in retail expenditures is measured by a fall in From Figure 2, we see that in on average, 54% of retail expenditures in the ten countries is cash financed while in 1998 this fell to 49% .  There are, of course, individual variations with the USA , Canada, France, Finland and in particular Denmark had achieved card dominance (measured as the proportion  < ½ , viz. more than ½ of the retail expenditures are card financed) as early as 1990.


Despite some variations in initials trends in growth of card and cash networks, by the  mid 1990’s most countries show that cash and card networks are coextensive.  This  implies that  ATM cash provision is highly competitive in cost terms to the consumer when compared to the use of card networks.  This enables cash to hold its own and to be part of the payments media for the foreseeable future.  Figure 2 shows how the average (for the ten countries) unit costs of ATM dispensed cash use to the consumer fell from 87 cents in 1990 to about 11 cents in 1998.  These costs denoted by Tc# exclude interest rate costs for holding idle cash balances and measure ‘shoe leather costs’ to finding an ATM prior to a retail purchase and the incompatibility service costs when withdrawing card from a non–provider of one’s card. (See, Box 2 on how to obtain estimates for ATM unit costs Tc# ).


A remarkable consequence of the highly cost competitive nature of ATM cash provision is that the lower unit costs for ATM use accompanied by low interest rates, in the latter part of the 1990’s, has enabled economies with high cash/card network densities to stabilize and in some cases even increase the use of cash in retail expenditures. Canada, Finland and France fall in the latter category.  These are three of the four countries which had achieved 79% card network density as early as 1990. 
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� In October 1999, a group of economists and policy makers held a conference on  “ Monetary Policy in Low Inflation Environment”.  The conference papers were published in Journal Money, Credit and Banking, Vol.32(4),  November 2000, Part 2.  


� Charles Goodhart(1986, Oxford Review of Economic Policy, Vol2, No. 4) who is one of the early commentators on  how payments innovations are reducing the growth in M0, has observed that models that use crude proxies for payments innovations have overpredicted the actual path of  M0 since 1982 for the UK.


� In Paying with Plastic, David Evans and Richard Schmalensee(1999, p.91, MIT Press) state that in the 


US :  “…of the personal consumption on goods and services in 1996,  57% were made by cheques, 21%  with cash and 22% with payment cards. In 1984, …only 6% personal consumption spending was made with payment cards, compared with 58% with cheques and 36% with cash.”  This data suggests that the growth of card use has come largely at the expense of cash in retail payments. The figures for use of cheques has remained largely unchanged in the US and elsewhere (data not reported) and these have been confined to large payments such as payments for mortgages, rent and other large bills for utilities. Hence, the focus of this study is confined to the competition between  cash and card use in retail expenditures.


� The major exception here is Japan. Data from BIS(1993,1996,2000) for Japan indicates that the ratio of EFTPOS to ATM terminals has remained less than one in these years. Due to their negligible size, we have omitted the bar charts for Japan in Figure 1.  


� The extent of cash use in payments is proxied by what the 1999 BIS Report on retail payments calls ‘weak’ measures such as currency to GDP.  In the last Yearbook, we had tabulated some of these indirect measures for cash use for G10 and EU countries.


� Baumol, W., 1952, “The Transaction Demand for Cash: An Inventory-Theoretic Approach”, Quarterly Journal of Economics, Vol.66, pp.545-556.  Tobin, J., 1956, “ The Interest Elasticity of Transactions Demand for Cash”, Review of Economic Studies, Vol.38, 241-247.
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		Deposit int.rate																						ATM Value: (USD pp)

				1990		1991		1992		1993		1994		1995		1996		1997		1998						1990		1991		1992		1993		1994		1995		1996		1997		1998

		CAN.		0.1281		0.0862		0.0667		0.0492		0.0559		0.0715		0.0433		0.0359		0.0503				CAN.		1158.0857733003		1451.4929022307		1536.5748213551		1542.6075146641		1606.177283125		1773.5271997257		1865.8629652752		1894.0607802191		2447.8208052752

		JAP.		0.0356		0.0414		0.0335		0.0214		0.017		0.009		0.003		0.003		0.0027				JAP.		590.1455416689		855.8249786089		1029.8657907574		1289.5835930682		1502.6815423762		1731.9018334216		1568.1231700089		1452.8187880519		1351.8739859889

		SWIT.		0.0828		0.0763		0.055		0.035		0.0363		0.0128		0.0134		0.01		0.0069				SWIT.		1353.199035088		1495.5896620683		1678.7286813323		1720.2157894635		1986.8681055416		2419.3648696286		2369.2658469827		2122.2460859157		2032.8872019557

		USA		0.081		0.057		0.0352		0.0302		0.042		0.0584		0.053		0.0562		0.0547				USA		1532.6130452181		1697.6652156708		1886.4970645793		2033.3075135554		2140.3912543153		2496.5779467681		2740.4896421846		2779.3952967525		2817.6100628931

		AT.		0.0341		0.0375		0.0369		0.0298		0.0231		0.0219		0.0171		0.015		0.0265				AT.		785.0713561596		901.8824327127		1093.2644323564		1135.2978286139		1291.1703810099		1587.0561129443		1650.7592439593		1490.1936325935		1547.162537931

		BEL.		0.0613		0.0625		0.0625		0.0711		0.0486		0.0404		0.0266		0.0288		0.0301				BEL.		744.5937407027		866.3480528703		1025.7379285518		1311.1085675041		1576.9165701495		1969.9796075285		2025.355773555		1848.605428747		1844.7644245556

		DK.		0.079		0.072		0.075		0.065		0.035		0.039		0.028		0.027		0.031				DK.		450.0795182389		483.7655924761		574.1761854814		584.4986794308		654.8931637305		812.7637899605		860.3641835553		825.8936042708		892.7492041413

		ESP.		0.1065		0.1047		0.1043		0.0963		0.067		0.0768		0.0612		0.0396		0.0292				ESP.		1062.147312785		1066.0335202211		1270.1446783832		1204.2379648326		1298.4366729889		1577.3516800156		1593.4812540022		1426.1942074619		1492.4617278823

		FIN.		0.075		0.075		0.075		0.0475		0.0327		0.0319		0.0235		0.02		0.02				FIN.		2423.6955586566		2895.1996996107		2869.9835539771		2369.9746360968		2745.8471040014		3397.3139885434		3493.5796972868		3301.6291984844		3361.7135208662

		FRA.		0.045		0.045		0.045		0.045		0.0456		0.045		0.0367		0.035		0.0321				FRA.		787.6154475411		920.5220200741		1043.2453086726		1021.8694555752		1082.9640168197		1277.7961077593		1449.4311546992		1386.3769183498		1376.5055571863

		GER.		0.0707		0.0762		0.0801		0.0627		0.0447		0.0385		0.0283		0.0269		0.0288				GER.		1213.3545298181		1303.4021828209		1536.5287978353		1597.6581078637		1807.1114541028		2647.2352087611		2831.6836827475		2697.7839642865		2904.0710612743

		GRE.		0.1952		0.2067		0.1992		0.1933		0.1892		0.1575		0.1351		0.1011		0.107				GRE.										4743.3753067144		695.1096936254		942.826122144		1096.0200052554		0

		IRL.		0.0629		0.0521		0.0542		0.0227		0.0033		0.0044		0.0029		0.0046		0.0043				IRL.		697.8403329979		921.2519507384		1210.8411849956		1148.2099001537		1332.4233638575		1592.8626562777		2007.2937192973		1757.8012790547		2427.8466511599

		ITA.		0.068		0.0664		0.0711		0.0779		0.0621		0.0645		0.0649		0.0483		0.0316				ITA.		416.0660198578		552.8985770292		701.1054588492		644.7240581031		721.6988867938		830.3742943212		1303.5023841463		1322.417268106		1511.05159767

		LUX.		0.06		0.06		0.06		0.0533		0.05		0.05		0.0354		0.0346		0.0331				LUX.		1055.2144920323		1071.1885723445		1229.8488277755		1706.3754452573		1504.7115260458		1430.3431169905		1477.003827772		1254.9089181795		0

		NL.		0.0331		0.0318		0.032		0.0311		0.047		0.044		0.0354		0.0318		0.031				NL.		732.6007326007		1274.9229734037		1685.9489269872		1968.8707471513		2321.6607375023		2972.7232555337		3099.5293307313		2922.0717894794		2604.0404162504

		PORT.		0.1399		0.148		0.1459		0.1106		0.0837		0.0838		0.0632		0.0456		0.0337				PORT.		277.5563420951		409.8126138135		595.8499215306		632.9115852769		755.150709818		977.6182196968		1402.397440832		1448.6991375698		1960.7037485168

		SWE.		0.0993		0.0796		0.078		0.051		0.0491		0.0616		0.0247		0.025		0.0191				SWE.		2111.8788964166		2910.4280906554		3229.7648790612		2867.3400847674		3215.4687054508		3586.1796253902		4031.643169553		3686.795586436		4076.1945579309

		UK		0.1254		0.1028		0.0746		0.0397		0.0366		0.0411		0.0305		0.0363		0.0448				UK		1338.2081455174		1504.3226250123		1639.6210167837		1495.44353824		1704.4620193417		1945.2141248482		2122.8650611438		2498.4914386304		2741.81265644

		Volume of card transactions per person																						ATM volume of transactions per person

				1990		1991		1992		1993		1994		1995		1996		1997		1998						1990		1991		1992		1993		1994		1995		1996		1997		1998

		CAN.		32		33		35		39		46		56		67		80		78				CAN.		28		33		36		37		41		46		49		53		53

		JAP.		0		0		3		3		3		3		0		5		6				JAP.		2		2		3		3		4		4		4		5		6

		SWIT.		4		6		7		9		12		15		18		19		25				SWIT.		6		7		7		8		9		10		11		11		11

		USA		44		46		48		51		57		63		71		78		86				USA		23		25		28		29		32		37		40		41		41

		AT.		1		1		2		2		2		3		4		5		8				AT.		5		6		7		7		8		8		9		10		10

		BEL.		10		12		14		17		19		22		25		28		34				BEL.		7		8		9		11		13		14		15		16		16

		DK.		17		22		28		34		41		47		54		59		66				DK.		5		5		5		5		6		6		6		6		6

		ESP.		2		2		4		6		6		8		7		9		10				ESP.		9		9		10		12		13		14		15		15		16

		FIN.		39		42		43		42		45		48		53		57		58				FIN.		24		31		36		40		38		39		42		43		45

		FRA.		16		16		25		27		29		32		36		33		37				FRA.		10		11		12		13		14		16		18		20		20

		GER.		0		0		0		1		1		1		1		6		8				GER.		6		7		8		10		11		13		15		16		17

		GRE.		0		0		0		2		3		2		3		2		0				GRE.										4		4		6		6		7

		IRL.		5		5		6		6		6		8		9		9		16				IRL.		10		13		15		16		16		18		21		24		48

		ITA.		1		1		1		1		2		2		3		5		6				ITA.		2		2		3		3		4		4		6		7		8

		LUX.		0		27		0		0		38		0		0		0		0				LUX.		7		8		8		13		10		9		10		10		11

		NL.		2		2		3		6		13		24		35		31		38				NL.		8		14		17		21		24		27		29		33		27

		PORT.		2		4		8		11		19		20		20		25		32				PORT.		4		6		7		10		12		14		18		21		26

		SWE.		6		8		7		8		11		13		14		20		23				SWE.		20		24		25		28		31		32		34		35		38

		UK		15		18		22		24		28		33		39		45		50				UK		17		19		20		21		23		25		27		30		31

		Duration																						Volume of cash (est.)pp

				1990		1991		1992		1993		1994		1995		1996		1997		1998						1990		1991		1992		1993		1994		1995		1996		1997		1998

		CAN.		50.2		50.7		50.8		50.8		50.6		50.2		50.3		50.3		50.2				CAN.		235		178		152		135		176		256		213		226		275

		JAP.						65.7		66		66.2		66.4				59.9		57.8				JAP.		0		0		9		7		6		5		0		5		7

		SWIT.		60.6		57		56.2		55		53.7		53.2		52.6		52.5		51.9				SWIT.		23		31		31		27		35		25		31		29		34

		USA		50.4		50.5		50.7		50.7		50.5		50.3		50.2		50.1		50.1				USA		224		177		133		130		177		247		258		296		322

		AT.		96.7		96.4		73.4		73.7		74		66		62.1		59.7		55.8				AT.		5		7		7		7		7		8		8		10		21

		BEL.		53.9		53.4		52.8		52.1		52		51.8		51.7		51.4		51.1				BEL.		41		52		62		79		67		67		58		69		85

		DK.		52		51.5		51		50.8		50.9		50.7		50.7		50.6		50.4				DK.		85		106		137		147		114		141		130		140		169

		ESP.		70.6		70.7		60.1		56.6		57.1		55		56.1		55		54.6				ESP.		17		21		26		37		31		41		33		28		26

		FIN.		50.6		50.5		50.5		50.7		50.8		50.7		50.7		50.7		50.7				FIN.		189		203		207		142		120		126		115		114		116

		FRA.		52.6		52.6		51.5		51.4		51.3		51.1		51.0		51.2		51.0				FRA.		52		55		83		90		97		106		103		92		97

		GER.								94.1		95.7		96.2		97.4		57.8		55.8				GER.		0		0		0		4		4		4		4		16		22

		GRE.																						GRE.		0		0		0		2		3		2		3		2		0

		IRL.		58.8		59		57.4		57.9		58.3		56.1		55.5		55.4		53.9				IRL.		24		20		23		14		8		10		10		12		20

		ITA.		93.6		93.8		93.4		92.8		72.4		55.3		54.7		54.9		52.8				ITA.		6		8		10		12		10		10		15		17		16

		LUX.																						LUX.		0		27		0		0		38		0		0		0		0

		NL.		73.5		73.6		65.7		57.8		53.3		51.6		51.1		51.3		51.1				NL.		6		7		10		17		44		79		97		82		98

		PORT.		69.3		59.2		54.1		53.1		51.7		51.5		51.8		51.5		51.2				PORT.		19		43		71		72		101		104		86		85		87

		SWE.		56.6		55.1		55.9		55.5		53.9		53.1		53.3		52.2		52				SWE.		43		42		38		30		40		54		31		45		46

		UK		51.9		51.6		51.5		51.7		51.4		51.1		51		50.8		50.6				UK		112		115		104		74		80		101		100		127		163

		Tc#																						pai-k(est)

				1990		1991		1992		1993		1994		1995		1996		1997		1998						1990		1991		1992		1993		1994		1995		1996		1997		1998

		CAN.		0.09		0.06		0.04		0.03		0.03		0.03		0.02		0.01		0.02				CAN.		0.80		0.71		0.67		0.67		0.70		0.74		0.75		0.79		0.77

		JAP.		3.73		3.07		1.95		1.24		1.00		0.53		0.14		0.09		0.06				JAP.		0.00		0.00		0.65		0.72		0.87		1.96		0.00		9.41		10.45

		SWIT.		1.64		1.29		0.83		0.44		0.43		0.16		0.14		0.08		0.06				SWIT.		0.60		0.67		0.67		0.71		0.75		1.38		1.28		1.72		2.18

		USA		0.12		0.08		0.04		0.04		0.04		0.05		0.04		0.05		0.04				USA		0.84		0.81		0.81		0.84		0.81		0.80		0.81		0.82		0.84

		AT.		0.46		0.44		0.44		0.32		0.24		0.24		0.17		0.12		0.20				AT.		-0.50		-0.38		-0.30		-0.16		0.03		0.31		0.87		1.22		0.68

		BEL.		0.45		0.42		0.42		0.36		0.22		0.19		0.12		0.11		0.11				BEL.		0.76		0.78		0.80		0.79		0.76		0.78		0.86		0.85		0.87

		DK.		0.82		0.74		0.80		0.65		0.37		0.48		0.35		0.30		0.36				DK.		0.92		0.93		0.94		0.95		0.96		0.96		0.97		0.98		0.97

		ESP.		0.68		0.64		0.64		0.42		0.26		0.29		0.22		0.12		0.08				ESP.		0.09		0.22		0.35		0.49		0.38		0.47		0.37		0.41		0.54

		FIN.		0.15		0.11		0.08		0.04		0.03		0.03		0.02		0.02		0.02				FIN.		0.81		0.77		0.74		0.67		0.75		0.76		0.88		0.99		0.99

		FRA.		0.19		0.17		0.16		0.13		0.12		0.12		0.08		0.06		0.05				FRA.		0.79		0.77		0.84		0.83		0.83		0.83		0.83		0.81		0.84

		GER.		1.15		0.97		0.88		0.52		0.31		0.28		0.17		0.14		0.14				GER.								-2.96		-3.75		-4.20		-4.19		0.30		0.41

		GRE.										29.51		3.61		2.04		1.56		0.00				GRE.

		IRL.		0.24		0.15		0.14		0.05		0.01		0.01		0.01		0.01		0.00				IRL.		0.42		0.15		0.12		0.45		18.46		11.97		22.39		12.66		17.16

		ITA.		4.65		3.44		3.05		2.34		1.64		1.47		1.03		0.62		0.33				ITA.		0.52		0.52		0.52		0.52		0.41		0.41		0.39		0.47		0.58

		LUX.		0.63		0.55		0.63		0.25		0.38		0.42		0.27		0.23		0.00				LUX.

		NL.		0.20		0.11		0.09		0.07		0.10		0.09		0.06		0.04		0.05				NL.		-0.47		-1.22		-0.90		-0.09		0.35		0.61		0.73		0.68		0.80

		PORT.		1.24		0.97		0.78		0.38		0.23		0.21		0.13		0.07		0.05				PORT.		0.63		0.77		0.82		0.78		0.82		0.80		0.71		0.71		0.75

		SWE.		0.27		0.20		0.20		0.09		0.08		0.11		0.04		0.04		0.03				SWE.		0.23		0.12		-0.01		-0.23		0.05		0.18		0.49		0.63		1.01

		UK		0.28		0.23		0.15		0.07		0.06		0.06		0.04		0.05		0.06				UK		0.74		0.74		0.71		0.70		0.73		0.74		0.81		0.79		0.79

		Tc#																						pai-k(est)

				1990		1991		1992		1993		1994		1995		1996		1997		1998						1990		1991		1992		1993		1994		1995		1996		1997		1998

		CAN.		0.09		0.06		0.04		0.03		0.03		0.03		0.02		0.01		0.02				CAN.		0.80		0.71		0.67		0.67		0.70		0.74		0.75		0.79		0.77

		USA		0.12		0.08		0.04		0.04		0.04		0.05		0.04		0.05		0.04				USA		0.84		0.81		0.81		0.84		0.81		0.80		0.81		0.82		0.84

		BEL.		0.45		0.42		0.42		0.36		0.22		0.19		0.12		0.11		0.11				BEL.		0.76		0.78		0.80		0.79		0.76		0.78		0.86		0.85		0.87

		DK.		0.82		0.74		0.80		0.65		0.37		0.48		0.35		0.30		0.36				DK.		0.92		0.93		0.94		0.95		0.96		0.96		0.97		0.98		0.97

		ESP.		0.68		0.64		0.64		0.42		0.26		0.29		0.22		0.12		0.08				ESP.		0.09		0.22		0.35		0.49		0.38		0.47		0.37		0.41		0.54

		FIN.		0.15		0.11		0.08		0.04		0.03		0.03		0.02		0.02		0.00				FIN.		0.81		0.77		0.74		0.67		0.75		0.76		0.88		0.99		0.00

		FRA.		0.19		0.17		0.16		0.13		0.12		0.12		0.08		0.06		0.05				FRA.		0.79		0.77		0.84		0.83		0.83		0.83		0.83		0.81		0.84

		ITA.		4.65		3.44		3.05		2.34		1.64		1.47		1.03		0.62		0.33				ITA.		0.52		0.52		0.52		0.52		0.41		0.41		0.39		0.47		0.58

		PORT.		1.24		0.97		0.78		0.38		0.23		0.21		0.13		0.07		0.05				PORT.		0.63		0.77		0.82		0.78		0.82		0.80		0.71		0.71		0.75

		UK		0.28		0.23		0.15		0.07		0.06		0.06		0.04		0.05		0.06				UK		0.74		0.74		0.71		0.70		0.73		0.74		0.81		0.79		0.79

				0.8665754752																0.1118976507						0.6888567496																0.7709038823

				tc#		paik		tc#		paik						tc#		paik		tc#		paik

				1990		1990		1998		1998						1990		1990		1998		1998

		CAN.		0.09		0.80		0.02		0.77				CAN.		0.09		0.80		0.02		0.77

		USA		0.12		0.84		0.04		0.84				USA		0.12		0.84		0.04		0.84

		BEL.		0.45		0.76		0.11		0.87				BEL.		0.45		0.76		0.11		0.87

		DK.		0.82		0.92		0.36		0.97				DK.		0.82		0.92		0.36		0.97

		ESP.		0.68		0.09		0.08		0.54				FIN.		0.15		0.81		0.02		0.99

		FIN.		0.15		0.81		0.02		0.99				FRA.		0.19		0.79		0.05		0.84

		FRA.		0.19		0.79		0.05		0.84				PORT.		1.24		0.63		0.05		0.75

		ITA.		4.65		0.52		0.33		0.58				UK		0.28		0.74		0.06		0.79				6.81

		PORT.		1.24		0.63		0.05		0.75						0.4175737955		0.7859114694		0.0901405994		0.8507264434				0.830830221

		UK		0.28		0.74		0.06		0.79
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