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Abstract:

We develop a Nash game on the adoption of a new EFTPOS (Electronic-Fund- Transfer at Point-of-Sale) card payment media given cash is dispensed by a competitive ATM (Automated Teller Machine) network. The reaction functions of the representative consumer and merchant, respectively, depend on the expected card network coverage, (k, and the proportion of card financed retail expenditures, (1-().  Payments data for UK and USA (1990-1998) is used to calibrate models of a cash-card economy.  USA and latterly UK manifest high saturation of cash and card networks with high interest rate elasticity of cash-card substitution which can have perverse implications for interest rate policy.  
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The Microstructure Of Recent Trends In Cashlessness: UK and USA Compared

1. Introduction

An interesting aspect of recent developments in payments system is that it is underpinned by the proliferation of an electronic technology that has enhanced both cash dispensation via ATM (Automated Teller Machine) networks as well as the use of electronic payment media like debit and credit cards at point of sale, see, Walker (1978), Revell (1983), Matutes and Padilla(1994) .  The primary feature of the new EFTPOS media (Electronic-Fund-Transfer at Point-of-Sale) 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.  Thus, despite an overall trend toward an increasing proportion of card financed purchases to that by cash, Humphreys et. al.(1996),  the cost effectiveness of ATM cash dispensation has enabled cash to maintain its competitiveness vis-à-vis  EFTPOS instruments such as credit cards and debit cards.  Indeed, in recent international comparisons on value of cash and card use over 1990-1998, Markose and Loke (2000) find that the dominance of card use (defined as the value of EFTPOS(card) transactions being greater than that of ATM transactions) has clearly emerged only in 3 out of the 14 countries studied, viz. Canada, U.S.A and France. As card dominance only emerged as late as 1997 in the UK while USA has clearly been well advanced in this direction, payments data
  from these two countries will be systematically used to model the networks related payments system in modern economies.       

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 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 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).

Each of the three above features on the two competing media, cash and card, will be explicitly addressed in order to model the microstructure of the modern payments system and the mechanics by which substitution between cash and POS type cards takes place.  The crucial determinant of the latter will be found to be the extent of EFTPOS network coverage. We provide a means of estimating this. The expansion of EFTPOS coverage which encourages economies in the sue of currency in retail transactions, works like permanent open market purchases in the economy, enhancing liquidity of depository institutions.  The networked POS cash substitutes materially alter the traditional transactions demand for equation as well as the dynamics of the interest rate elasticity of the demand for cash.  As the latter governs leakages of cash from depository institutions, an explicit model of the main features of the modern electronic payments system is essential for the analysis of monetary policy.   We give an explicit theoretical model of how growth of EFTPOS technology that permits cash substitution can both contribute to low interest rate regimes of recent years as well as declining demand for high powered money, M0. However, once and economy becomes highly EFTPOS linked with low interest rate regimes, the conditions of cost competitiveness of ATM dispensed cash enables cash to hold its own with the recent observed flattening of M0 velocity.

A number of theoretical papers by Schreft and Smith (2000), Woodford (1998), Ireland (1994), Schreft (1992) and others have analysed the implications of the recent trends in cashlessness for monetary policy.  It is our view that these papers are somewhat premature in their monetary policy analysis as no microstructure of the payments technology with any of the above historically observed features has been modelled. For instance, in Schreft and Smith (2000) the demand for cash is determined by random relocations of agents to strange places where the use of credit is not viable. Though preliminary remarks are made on the significance of the new electronic cash substitutes, the explicit models in these papers are based on the premise that the economization of cash is achieved by a credit instrument with all the attendant banking and risk issues rather than the fact that it is mainly due to POS type debit card media.
 The latter are simply means of fund transfers necessary in payments and do not entail loans.  Further, in Schreft and Smith (2000) preference parameters of risk aversion rather than the evolution of available technology of competing media appear to drive the economies of cash use in payments. Woodford(1998, p.180) postulates a distance function between the buyer and the seller and when this exceeds a certain bound, a relevant fraction of goods can only be purchased  by cash.  The latter is then formally set to be arbitrarily small to obtain the cashless limit (p.190) with no reference to the strategic or technological process that brings this about.  The other crucial differences between our paper and extant ones relate to issues such as feasibility of cashlessness in the modern payment systems: whether, in fact, a zero nominal interest rate is necessary for consumers to cease to substitute away from cash to EFTPOS card media and significantly for monetary policy on the interest rate elasticity of transactions balances.         


The rest of the paper is organized as follows.  In Section 2, a simple Nash game is developed to model the representative merchant’s decision to supply the EFTPOS facilities or accept cash only and that of the consumer’s choice of the proportion of total value of expenditures that is cash or card financed.  As explicit costs of cash management are needed, we extend the Baumol (1952)–Tobin (1956) model for transactions demand for cash.  Here the traditional assumption that 100% percentage of expenditures are cash financed is replaced by the possibility that only a proportion, 0 <  <1, can be done so as payment substitutes such as electronic POS instruments exist.  The Nash equilibria in the game involving mutual adoption of a new payment media by the representative merchant and consumer have strategic features similar to those in the case of the Susan B. Anthony dollar coin,  Caskey and St. Laurent (1994)
, as well as the search theoretic issue raised  in  Kiyotaki and Wright (1993) and Berentsen (1997).  However in the latter, the consumer’s demand for two payments media with network externalities is not integrated into the game involving both merchant and consumer.  

The main feature of the representative consumer’s reaction function in equilibrium is that the proportion of retail expenditures that is cash or card financed is determined by the expected EFTPOS network coverage under conditions when the normalized marginal present value costs of cash and card use are equal.  The latter is meant to capture the above observed features that cash continues to dominate low value purchases and that ATM provision of cash has to be cost competitive with EFTPOS even to maintain a small but non-zero share of the value of expenditures.  In other words, the Nash equilibria being selected are ones in which both payments media coexist when an appropriate measure of costs in cash and card use are equal.   The series of Nash equilibria over time are taken to be outcomes of formally identical one shot games between the representative consumer and merchant
 which yields a unique relationship between any historically observed  per capita proportion of cash financed expenditures (), transactions costs and interest rates on one hand and the extent of k or card network parameter for the economy, on the other.   In Section 3 we give the analytical tools for monetary policy analysis with the main ingredient here being the mechanics of cash-card substitution consistent with the Nash equilibrium of the game developed earlier. We identify a critical lower bound for nominal interest rates ( 2% rather than zero even at full card coverage of retail nodes) when the consumer may cease to make any substitution away from cash to card. Likewise, there is a determinate upper bound on the interest rate which  must hold when cash to card substitution ceases.   In Section 4 we use historical payments data for UK and the USA, for 1990-1998 from BIS and EMI to calibrate models of a cash-card economy. USA and latterly UK manifest high densities of cash and card networks with  high interest rate elasticity of cash-card substitution which can have perverse implications for interest rate policy.  Using the calibrated model of the cash-card economy for USA and UK, we compare the effectiveness of interest rate policy based on the fluctuation in the per capita transactions demand for cash arising from interest rate changes. 
2. Microstructure of Cash-Card Networks 

In the Nash game, the consumer’s decision on the proportion of cash (() and card (1-() financed expenditure is influenced by the relative network costs and the expectation of the proportion of retail nodes that are EFTPOS linked.  This crucial parameter is denoted by  k and the consumer’s expectation of this is Eck.  The representative merchant by his decision to invest and extend the EFTPOS network determines the k.  The merchant’s decision is influenced by the relative costs of handling cash and card and the expectation of the proportion of per capita total expenditures that is card financed, denoted by Em (1-). 
2.1The Consumer’s Decision Problem      

The consumer’s decision problem is developed in the Baumol-Tobin framework for the transactions demand for cash.   This framework is generalized to explicitly incorporate the three sytlized facts on the payments system highlighted in the 

introduction.  The representative consumer is assumed to receive a fixed income  at the beginning of a period, say, a year.  This is intermediated by a bank such that unspent bank deposits receive a return at the per annum deposit interest rate of r.  The consumer has to make a fixed volume of purchases, V, in the course of a year and each good takes one shopping trip.  The value of purchases made by cash(card) is referred to as the cash(card) fund and is given respectively by 

 = c   and 
 (1-)= k.                                     (1) 
In keeping with the stylized fact, the volume of card purchases denoted by Vk is less than the volume of cash purchases denoted by Vc , where V= Vk + Vc . Before we discuss the derivation of this, we will proceed in the standard way on cash management as if these variables are known.  
2. Network Costs: Optimal Cash Management 


Crucial to the consumer’s decision problem on cash and card use is the fact that all merchants accept cash but only a proportions, k, accept card payments. Hence, (1k) is the probability that the consumer will fail to enjoy the benefits of the card purchases and will have to have cash in hand.  To the costs of cash management  which are standard, we include the ATM network costs to the consumer for cash use.  Typically a consumer will suffer extra service charges denoted by  if he has to use an ATM which is not compatible with the ATM network of his bank.  This occurs with  probability ( 1-c) where c  is the proportion of ATM terminals that  belongs to the consortia of  his bank relative to the total number of ATM terminals.  The consumer forms expectations of the probability viz. Ec(k. The expected total cost of using the cash network for implementing c value and Vc volume of annual expenditures is given by, 
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 includes the standard shoe leather cost t to each cash withdrawal and the ATM incompatibility cost  that the consumer incurs with expected probability (1-Ecc).  Further we denote by a in (2), the rate of cash withdrawals which is defined as a proportion of the total number of cash withdrawals per annum, Wc, to cash purchases such that a =Wc/Vc.  The term, 
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, in (2) is the annual interest rate costs on the per person average annual cash balances, B which can be defined as B = 
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 given that the number of cash withdrawals, Wc, are made at regular intervals in a year.  

 Note in (2), with a= 1, we have full frequency of cash withdrawals to correspond to all the Vc  shopping trips.  In this case, cash use in transactions is functionally closest to the EFTPOS with the shoe leather cost of cash use at a maximum of tVc and the annual interest rate costs at a minimum of ½
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Result 1: The consumer deals optimally with the above trade off between the shoe leather and interest rate costs by minimizing (2) with respect to the rate of cash withdrawals, a. This gives a Baumol-Tobin type optimal square root rule, 
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(3)
On substituting a* into (2), the expected optimal total cost of cash use simplifies to  

Tc =2a*VcTc#.                                               

           

(4)
Once cash to card substitution exists, as a smaller proportion of expenditures are cash financed, the optimal average cash balance that follows from (3) is proportionately less than the traditional cash balance equation of a pure cash economy by 
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(5)

Result 2:  The second equality in (5) is obtained by substituting for a* from (3).  Thus, the optimal cash balance curve in the (r,B) plane shifts downward by 
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 relative to the curve B*  with  =1 in a pure cash economy.  In other words, for any given level of interest rate the transactions balances are less when cash-card substitution is allowed.  

The total expected cost of implementing the (1-) value and Vk purchases using the card network given the consumer’s expected value of card network coverage Eck, is 
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Thus, for card use in (6), when with probability (1-Eck) a merchant does not have EFTPOS facilities the customer has to incur costs of cash withdrawal Tc#. 


The important point to be noted here is that if k, the probability of card network coverage, goes to zero, the unit expected network cost of a card purchase equals that of a cash purchase.  Further, as k (1, the payments system tends to full EFTPOS coverage of retail nodes.  As will be seen, a corner solution with zero cash use when k (1, is a feature of our model if the interest rate is above a critical value.

B. Volume of Cash and Card Purchases

 
Here we model the commonplace feature of modern payments systems that cash purchases are higher in volume but lower in value than card purchases.  The latter implies that the card fund which makes larger value purchases is depleted at a slower rate over the year. This results in differential flow effects of disbursements from the cash and card funds. Evaluating the present values in per dollar average value of cash and card purchases, viz. 
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(7)

Here, PVcu and PVku are the present discounted
  values of a dollar worth of purchases made by cash and card, respectively.  Trivially, if Vc = Vk, PVu is the same for both streams, and PVEc = PVEk. Using simple principles of a capital budgeting problem we determine Vc>Vk such that PVEc = PVEk.  Thus, given that the volume of card purchases are recorded, this approach enables us to determine the volume of cash purchases for which records do not exist. 

Result 3: The consumer equates the present value of average per dollar value of purchases over the year for the cash and card  funds defined in (7), such that Vc>Vk.  This results in 

Vc = Vk (r|D| + 1)                       

                     (8)

Proof, see Appendix 1. 


Here, |D| denotes the absolute value of the duration of the fund and r|D| is the interest elasticity of the present value flow. The duration of a  fund is defined as the percentage change in the present value for a 1% change in the interest rate. This formula is given 
 in the Appendix (equation (A.5)).  From (8), we see that the volume of cash purchases for a fixed value of the cash fund will rise considerably as the interest rate rises.  This has the effect of reducing the average per dollar value of a cash purchase and hence interest rate costs by increasing the frequency of cash purchases relative to those made by card.


The further feature of the present value flows for both cash and card is that, whether in terms of portfolio weighted returns  
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  or simply in the average per dollar flows in (7), we obtain the same volume elasticity for the two funds.

 Result 4: Defining volume elasticity as  
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 , we find that both the cash and card funds have the same elasticity, 



(j   =  r|D|- 1 ,  j= c,k.                                                  
           (9)
C. Consumer’s Reaction Function Rc( (1-), Eck)

Since flow effects in disbursements discussed above are important to the consumer in the use of cash and card, his profit or net return functions denoted by PVRj , j= c,k , is given by,

PVR = PVRk + PVRc .
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      (10.b)

In (10.a,b), the first terms are the portfolio weighted average per dollar gross return on deposit balances from the card fund and cash funds respectively and the second terms are the per unit (volume) cost of using the card and cash network obtained from (6) and (4) respectively. 


The consumer’s reaction function, Rc((1-),Eck), in the Nash game, relates his choice of the proportion of card financed purchases (1-) to Eck given the optimal conditions of cash management and the costs of card use.  From Result 4 as  the elasticities of the gross present value returns from the two funds are identical, in equilibrium where cash and card use can coexist, the normalized marginal present value of unit costs in (10.a,b) for the card and cash funds must be equal.  Thus, 
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Result 5: In an equilibrium when cash and card use coexist the above condition yields, 



(1-Ec k) Tc#  r|D| =   2a*Tc# (r|D|-1) . 

From this, the consumer’s implicit reaction function Rc((1-), Eck) (plotted in Figure 2) is obtained from the relationship between the expected card network density parameter, Eck, and the possibility of substitution between cash and card determined by .  Thus,
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The second equality is obtained by substituting for the optimal rate of cash withdrawals, a*, from (3).  Note that in arriving at (11) the appropriate unit cost comparisons between cash and card use must entail their respective volumes, Vc and Vk. 
   If the unit cost of cash use is in terms of the number of withdrawals Wc rather than volume,Vc, we will get a negative value for k in (11).  Hence, the relevance of using the optimal rate 
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 of cash withdrawals rather than the number of cash withdrawals Wc (which is the case in the traditional Baumol-Tobin) for determining k ,(  k ( 1.  Further, the last term in (11),
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which yields the reciprocal of the ratio of the interest elasticity of PVEk, r|D|, and the volume elasticity of PVEk defined in  (9) respectively, appears to be essential to get the correct trend in the values for k over the years.  It also incorporates the relative flow effects of cash and card use.

2.2The Merchant’s Decision Problem 

              The implications for monetary policy are less significant from the factors  that determine the merchant’s decision problem of EFTPOS installation rather than those of the consumer’s decision on cash-card substitution.  Hence, we will only outline the main features leading to the representative merchant’s reaction function Rm( k, m(1-)).  The profit function of the representative merchant is given as:

P =  (1- k){Em -Tc – Tcm} + k{ Em(1-) [  - Tkm ] + Em [ - Tcm]- Tc – F} ( 12)

Here, the first term denotes the net revenue from cash transactions in the case when with probability (1-k) a merchant has not installed the EFTPOS.  In this situation, the merchant gets a gross return of only the proportion  of cash expenditures, less an amount Tc  given in (4) which equals the total cost of cash transactions incurred by the consumer and the total cost to the merchant of Tcm for cash handling.  The second term in (12) denotes the net revenue to the merchant in the case when with probability k a merchant has installed the EFTPOS. In this case, the representative merchant effectively gets the full  of annual income from the consumer less only the costs of card and cash handling Tkm  and Tcm  and the costs to the consumer for using cash Tc.  Finally, a fixed cost F has to be incurred for the installation of an EFTPOS connection.

Result 6: Optimizing (12) with respect to k yields the following decision rules for the merchant.

 

 Em(1-) 
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                   (13)

The R.H.S of (13) gives the ratio of the fixed cost to the consumer’s income  and the cost difference of handling cash transactions and card transactions. Equation (13) states that if the merchant’s expectation of the proportion of consumer’s card expenditures is greater (>) than the cost factors on the R.H.S of (13) then he will  invest in EFTPOS.  In the absence of heterogenous expectations, this also implies that there is full EFTPOS coverage with k= 1.    When there is equality in equation (13), the relevant section of the merchant’s reaction function is horizontal in the (1-), k) plane, see Figure 2,  and the economy can have any k,  0 k < 1 consistent with consumer’s choice of (1-() given by the reaction function in (11).  Finally, if Em(1-) is less than the cost factors in (13), no merchant will invest in EFTPOS and the economy has zero EFTPOS.    
Nash Equilibrium 


In Figure 2, we plot the consumer’s reaction function, Rc(Ec k, (1-)) from equation (11) with that of the merchant, Rm( Em(1-), k) given in (13). 

Figure 2: Reaction functions of consumer and merchant: Nash Equilibrium
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Note that in Figure 2 as Rc(Ec k, (1-)), exists strictly for, 0 <(1-) < 1, viz. only for cases when cash and card are in use by the consumer, the Rc curve cannot intersect at the point  where  k=1 and the horizontal axis where (1-) =0.  As given in (13), the merchant’s reaction function Rm has three segments. The Nash equilibrium points in the  ((1-), k) plane are at the intersection between the Rc curve and the horizontal segment of any Rm curve.  
Result 7: If we take the historical value  (1-to be the consumer’s decision on card financed expenditures consistent with (11) and given historical values for , r and Tc#, we have a unique Rc((1-()H,Ec(k) and hence a unique point, say A on the horizontal segment of the Rm curve which denotes the Nash equilibrium pair

 ((1-()H,(k) for the economy.   

The merchant’s expectation Em(1-) has to equal (1- )H in a Nash equilibrium.  We will conduct the dynamic analysis of the Nash equilibria for ((1-), k) in the empirical section where historical data is used to compare EFTPOS developments in the UK and USA.

Theory of Monetary Policy Analysis In A Cash-Card Economy


In this section we will give the necessary tools for monetary policy analysis based on the above  developed microstructure of modern payments system.  The main ingredient here is the mechanics by which consumers substitute between cash and card in payments.  From the consumer’s reaction function in (11) it is clear that substitution between cash and card is crucially dependent on the extent of FTPOS coverage in the economy.  From (11) and Result 7, for historically estimated levels of k, we develop the iso k-curve for different combinations of (r).   

3.1 Cash –Card substitution and k-curves
Result 8: Using condition (11), the combinations of  (r) that keep k unchanged for different parametrically given levels of k with all other variables fixed, yields a family of iso k-curves that satisfies the equation,

                            dk=
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Then, the interest rate sensitivity of cash-card substitution is given by, 


          
[image: image31.wmf]÷

÷

ø

ö

ç

ç

è

æ

-

+

w

-

=

w

1

|

D

|

r

1

|

D

|

r

r

dr

d

 .                    



     (14.b)

Figure 3: Card network coverage ((k), interest rates (r) and the rate of cash-card substitutions (()
 



Figure 3 plots a family of k-curves in the (r) plane.  Note that the downward sloping  k-curves implies an inverse relationship between r and Further as the k-curves shift leftward, for higher levels of card network coverage it implies that card use dominance defined as <1/2 is feasible at lower interest rates.  Thus, if card network coverage is only 50%, then card dominance is feasible only with high interest rates of over 8%.    Also note that the maximum degree of substitution of cash to card is determined by the k-curve.  An example of this is indicated by arrow in Figure 3 where 
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(0 . The convexity of the k-curves in the (r) plane implies an asymmetric rate of cash-card substitution to interest rate changes depending on if there is an interest rate cut or an interest rate rise and whether the initial regime is a high or low interest rate one.  There is greater card to cash substitution for a unit interest rate cut than vice versa for a similar increase.  From (14.b) it can also be verified that 
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 is greater at lower initial interest rates than at higher ones.  Finally, we see that at high k levels, the k-curves are relatively flat at low interest rates making cash-card substitution highly sensitive to an interest rate change.  In the limit when k = 1, we see the k-curve is horizontal.  It follows from equation (11), that when incorporating flow effects for cash and card use, there is a lower bound to interest rates approximately equal to 2% per annum as |D| is close to a 1/2.

Result 9 : When k = 1, there exists a corner solution with zero use of cash for any interest rate increase from the critical interest rate of 2% .  In other words as can be verified from (14.b) there is infinite substitution away from cash to card at this point as  
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.    The converse is true when interest rates are cut below 2%. 

3.2 Shape and Dynamics of Cash Balance Equation

The final analytical results here pertain to the shape and dynamics of the optimal cash balance equation in (5) that is consistent with a given level of k.  The shifts in the optimal cash balance equation is given by,



dB(r,  = 
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 EMBED Equation.3  [image: image36.wmf].
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            (15)            

Equation (15) confirms the standard results of Baumol-Tobin type optimal cash balance equations that interest rate elasticity is -1/2 and the income elasticity is +1/2.  However, the crucial difference arises from d in (15).  The latter cannot be determined independently of a given k-curve for an economy.  The so called B-curve in the (r) plane (with unchanged) that plots the combinations of (r) that yields the same value of transactions cash balances defined in (5) is a straight line through the origin with slope 
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Examples of this are given in Figures 4 & 5. Thus, the optimal demand for transactions cash balances with the higher interest rate r+ with an initial 0 from (5) is



  B*() = 
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Clearly, in the short run as the k-curve has to be assumed to be fixed, in equilibrium the combinations of (r+) must lie on the same k-curve.  In other words, the dynamic adjustment path of the demand for transactions balances is crucially governed by the cash-card substitution possibilities which are technologically determined by the extent of card network coverage.

3.3 Implications for monetary policy

(A) Long Term Implications

 
Exogenous improvements in k coverage with  and Tc# unchanged lead to  monetary base contraction and/or the decline of interest rates.  In Figure 3 we start at a given  k-curve (I) for the economy with point A being the intersection with the B-curve defining the optimal per capita transactions demand for cash.  This gives the initial equilibrium ( , ro ).  

Figure 4:  Advances in card network coverage: interest rates and cash balances

 


(i)  For a fixed per capita monetary base, M0 = B+R, where R is the reserves, when the k-curve shifts leftwards to curve II, the B and hence the B-curve remains unchanged.  The cash-card substitution possibilities on the new k-curve II which are consistent with an equilibrium in which cash and card are competitive as per (11) is given by 1 at point D.  We see that the proportion of  that is cash financed falls. For B to remain unchanged, from equation (5) we see that the interest rate r has to fall if the economy has to stay on the new k-curve II at point D.  This implies that the decline in interest rates in recent years is in good measure due to improvements in card network coverage.
(ii) Alternatively, starting with an unchanged r at r0, as k-curve I shifts to curve II,  monetary base will contract as the optimal B-curve consistent with conditions in (11) shifts to B- at F with (2, ro). As the initial stock of bank deposits in this model can be defined by ( - B), the change in per capita holdings of currency or (B to B- at F, results in an expansion in deposits by the same absolute amount, |(B|.   For authorities to maintain ro in Figure 4, monetary base contraction of (M0 = - |(B| +(B| is required with unchanged credit market conditions.  The M0 contraction, (Mo, will be by an amount less than |(B| as the change in reserves, (R, is given by, (R=(B| with  being the  reserve ratio  < 1. 
 However, with unchanged credit market conditions and M0, the expansion of deposits by |(B| will result in a fall in the deposit interest rates.  This indicates that the equilibrium (rE) will be between F and D in Figure 4 with both a monetary base contraction
 and an interest fall being a likely outcome of better card network coverage. Without giving a derivation of equilibrium deposit interest rates (as a full specification of the credit market is beyond the scope of this paper) we have indicated here that cash-card substitution and the dynamics of optimal cash balances will be a determinant of equilibrium deposit interest rates.

  (B) Interest rate Targeting/Activism:Short Term Analysis

 
With interest rate targets, monetary authorities will supply the amount of money demanded at the targeted interest rate.  Consider an exogenous increase in the interest rate from ro to r+ with r+=rE or the targeted interest rate is also the equilibrium one.   Starting from an initial (o, ro) marked as point A in Figure 5(a), as the interest rate rises, the B-curve fans upwards implying smaller transaction cash balances. 


Thus, the B-curve with an unchanged o and r+ is B2- (o, r+) in Figure 5(a) with point F being out of equilibrium as it is off the given k-curve of the economy. The equilibrium point marked as E yields a substantially smaller E which can be read off at the point of intersection between the equilibrium B2E -curve and the 

k -curve.

Figure 5 : Interest Rate Targeting




























(a)






(b)

Figure 5(b) compares the response of the B-curves in a pure cash economy and that of a cash-card one.  At the initial ro, following the point made in Result 2, the B2 -curve is 
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 less along the length of the B1-curve of the pure cash economy. However, the major difference between the pure cash economy and a cash-card one is as follows.  In the absence of substitution possibilities, with an interest rate rise, equilibrium B1E is at point E1 in Figure 5(b), viz. a movement along the same B1 curve. However, for the cash-card economy, transactions demand shifts from the B2(o) curve to the B2E(E) curve with the equilibrium point marked as E2 on Figure 5(b). The contraction in the optimal demand for transaction balances in the cash-card economy is larger by the amount  (B2- -B2E ) as compared to that in a pure cash economy which is (B1-B1E)

We can analytically derive the precise value for the equilibrium B2E curve with the new interest rate r+ using the condition that dk = 0 or that the k-curve is unchanged.

Result 10: The equilibrium (E for an interest rate rise to r+=rE, is given by,  
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           (17)

On substituting E in (17) into the equation for the B curve in (16) we have the equilibrium B2E.

Proof, see Appendix 2.  

Result 11: Given the flatness of the k -curves at low interest rate regimes, 

(see Figure 3)  and from (17), we see that for an  interest rate rise from a  low initial interest rate    ro’ < ro’’ is such that d(E(ro’) > d(E(ro’’).  Thus, the substitution out of cash to card will be substantially larger at lower r.  
With lower cash in circulation and higher per capita amounts in depository institutions viz. a lower cash to deposit ratio
, raising interest rates from a low initial interest rate regime may fail to curtail a credit boom if banks can fully lend the increase in deposits. In other words, raising interest rates in an economy with high k and a low initial interest rate may have a perverse impact on the loanable funds market.  Only if the initial interest rate is high enough on the k -curve where 
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(see, Figure 3) will these adverse effects from cash-card substitution on the effectiveness of interest rises to curb a credit boom be mitigated.  A quantification of these implications of our model will be undertaken in the empirical Section 4.   

4. Empirical Results: Cash-Card Payments in UK and USA and Monetary Policy  Analysis


In this Section we will use payments data involving EFTPOS card and ATM transactions in the UK and the USA to calibrate models of a cash-card economy.

4.1 Historical data and estimates of cash-card use in UK and USA

Table 1:  USA and UK per capita cash-card payment data: 1990 - 1998 (USD) 

Year
1990
1991
1992
1993
1994
1995
1996
1997
1998

(c: Value of  cash purchases


1532.61

1338.21


1697.67

1504.32
1886.5

1639.62
2033.31

1495.44
2140.39
1704.46
2496.58
1945.21
2740.49

2122.87
2779.39

2498.49
2817.61

2741.81



(k: Value of  card purchases


1907.96

1020.77
1983.78

1194.25
2156.16

1369.39
2403.56

1325.27
2932.11

1570.73
3566.92

1912.79
4066.29

2337.81
4604.70

2864.94
5163.52

3315.35

(=(c+(k: Total value of purchases


3440.58

2358.98
3681.44

2698.57


4042.66

3009.01
4436.87

2820.71
5072.50

3275.19
6063.5

3858.00
6806.78

4460.68
7384.10

5363.43
7981.13 6057.16



(=(c /(

0.45

0.57
0.46
0.56
0.47

0.54
0.46

0.53
0.42

0.52
0.41

0.50
0.40

0.48
0.38

0.47
0.35
0.45

Wc: Volume of cash withdrawals


23
17
25

19
28

20
29

21
32

23
37

25
40

27
41

30
41

31

(c/Wc: Values of cash  withdrawal


66.03

77.43
67.03

81.28
66.94

81.07
70

70.08
67.23

74.56
67.69

77.23
68

78.06
68.31

84.47
68

88.45

B: Average cash balances


33.01
38.74
33.51

40.67
33.47

40.42
35

34.98
33.61

37.37
38.84

38.66
34

39.74
34.15

41.67
34

44.22

Vk:  Volume of  card purchases


44

15
46

18
48

22
51

24
57

28
63

33
71

39
78

45
86

50

(k/Vk


43.23

68.05
43.43

66.35
45.14

62.25
46.93

55.22
51.73

56.10
56.81

57.96
57.65

59.94
59.33

63.67
60.02

66.33

r: Interest rate
0.081

0.1254
0.057

0.1028
0.0352

0.0746
0.0302

0.0397
0.042

0.0366
0.0584

0.0411
0.053

0.0305
0.0562

0.0363
0.0547

0.0448

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.
Source: see,  footnote 11.

Table 1 gives the historical per capita cash and card payments data for the USA and UK for 1990-1998. 
Here, c+ kis the annual per person total value of
expenditures with c being the value of cash transactions as given by the total ATM transactions and k is the value of card use.  As seen from Table 1, while the total value of expenditures per person, , has more than doubled in the years 1990-98 for both countries, the proportion of the value of cash financed expenditures,  has declined by about 22% for both USA and UK, viz. from 0.45 in 1990 to 0.35 in 1998 for USA and from 0.57 in 1990 to 0.45 in 1998 in the UK.  While signs of card dominance is found in USA as early as in 1990, it was only in 1996 that this emerged in the UK when the proportion of the total value of cash financed transactions, , fell below a half. The recorded annual per person number of ATM transactions that proxies for cash withdrawals, Wc, has almost doubled in both USA and UK.  This is reflected in the rise of Wc from 23 per person in 1990 to about 41 in 1998 in the USA while in UK, it has risen from 17 per person in 1990 to about 31 in 1998.

Vk , the annual number of recorded card transactions per person has almost doubled in the USA from 44 to 86, and in UK, the figure has more than trebled from 15 to 50 in this period.  As Vk coincides exactly with purchases made, Vk will proxy for the number of (composite) card financed transactions.  On the other hand, Vc which denotes the number of cash financed purchases is unobserved and we have to estimate this from the formula in (8), Vc = Vk (r|D| +1).  In this formula for Vc, we use the historical values of Vk, the volume of card purchases, in Table 1, rather than the optimal Vk given in footnote 6. Clearly, the estimated Vc is sensitive to both Vk and the annual deposit interest rate r.  The ratio of the volume of cash purchases to the total volume of purchases, 
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, given in Table 2, has ranged from 88% in 1990 to about 74% in 1993 when the annual interest rates fell to the 5% in the UK.  However, in the USA, we find that 
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has ranged from 84% in 1990 to a low 72% in 1993, when the interest rate is at its lowest throughout the 1990-98 period.  

The recorded data on the average value of a card transaction, 
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, is given in Table 1, while the estimated average value of a cash transaction, 
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, is given in Table 2.  We note that the required condition that   
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, is satisfied here with an average card purchases being roughly over 3 times that of the value of a cash purchase. 

 We will now proceed with estimates for the cash network costs, Tc#, and the card network parameter, k. The estimates for cash network costs, Tc#, is made from the historical data on the average cash transactions balances given in Table 1 which is obtained by dividing the value of the cash fund by the number of cash withdrawals, viz.
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Table 2 here

Table 2: Estimated USA and UK per capita cash-card payment data:1990-1998  (USD)

Year
1990
1991
1992
1993
1994
1995
1996
1997
1998

|D|:      Duration


0.504

0.519
0.506

0.516
0.507

0.515
0.507

0.517
0.505

0.514
0.503

0.511
0.502

0.510
0.501

0.508
0.501

0.506

r|D|


4.08

6.50
2.88

5.30
1.78

3.84
1.53

1.89
2.12

2.04
2.93

2.10
2.66

1.56
2.82

1.84
2.74

2.27

Vc:  Volume of cash purchases


224

113
177

114
133

106
130

69
177

85
247

102
258

100
296

128
322

163

(c/Vc


6.84

11.89
9.58

13.25
14.18

15.40
15.68

21.55
12.10

20.02
10.10

19.01
10.61

21.30
9.38

19.53
8.76

16.79

((k/Vk)/

(c/Vc


6.32

5.72
4.53

5.01
3.18

4.04
2.99

2.56
4.27

2.80
5.62

3.05
5.43

2.81
6.32

3.26
6.85

3.95

V=Vc+Vk:Total volume of purchases


268

128
223

132
181

128
181

93
234

113
310

135
329

139
374

173
408

213

Vc /V


0.84

0.88
0.80

0.86
0.74

0.83
0.72

0.74
0.76

0.75
0.80

0.76
0.79

0.72
0.79

0.74
0.79

0.77

Tc#:  Shoe leather cost
0.12

0.29
0.08

0.21
0.04

0.16
0.04

0.07
0.04

0.06
0.05

0.06
0.04

0.05
0.05

0.05
0.04

0.06

a*=Wc/Vc


0.103

0.151
0.141

0.167
0.210

0.188
0.223

0.303
0.181

0.270
0.150

0.244
0.155

0.271
0.139

0.235
0.127

0.190

(Ik*


0.84

0.74
0.82

0.73
0.82

0.72
0.85

0.71
0.81

0.72
0.80

0.74
0.81

0.80
0.82

0.79
0.84

0.79

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. 


From Table 2 we see that the estimated Tc# unit costs of using the cash network which is inclusive of shoe leather costs of cash withdrawal and costs of ATM incompatibility in UK have fallen substantially from 28 cents in 1990 to about 6 cents in 1998.  Comparing the Tc# in both countries, we find that Tc# in USA is substantially lower than UK.  Even as early as 1990, Tc# in USA is 12 cents which is half of the cost of using the cash network in UK at the time  However, in the recent years, we find that the cost Tc# in both countries has converged to approximately 5 cents.  On using these costs in the Baumol-Tobin formula for optimal rate of cash withdrawals in (3), we can verify that given the Vc estimates discussed above, the optimal a*() is identical to the rate of cash withdrawals estimated  as 
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Using the estimates for cash network costs Tc# and the volume of cash purchases, Vc, with the recorded data on c and interest rates and the duration value, D|, for the card fund, we estimate the equilibrium values for the card network coverage parameter k from the formula (11) and Result 7.  This is reported in Table 2.  We find that by 1990, the card network coverage in the USA has already reached 84% and appears to have peaked. In contrast, in 1990 card network coverage in UK is only about 74% and has been growing rapidly and has reached about 80% in the late 1990’s.    

4.2 EFTPOS related Curves : Comparative Analysis 

 Figure 6 gives the dynamics of the consumer’s reaction function.  Curve I is that for the USA in 1998 while curve II is that of the U.K for the same year plotted using equation (11) as per Result 7 with exogenous data for  and r  given in Table 1 and with the estimated Tc# , Vc and D  given in Table 2. 

Point A marks the historical estimates for k(USA) at .84 with the recorded value of  (1-)=.65 respectively.  Point B denotes the historical estimate for k(UK) which is .79 and .55 for (1-).   These curves I and II plot the consumer’s choice of (1-) for given expected values of k consistent with Tc# and r costs of ATM (obtained as above).  In general, higher values of Tc# and r will lead the consumer to substitute into card and hence adopt higher (1-) even at lower expected k .  This is borne out by Curve III which plots the Rc curve which uses the same  and Vc of U.K 1998 but with the higher r of 12% of 1990 and a corresponding Tc# of 21 cents.   B( indicates that the higher r and Tc# of Curve III induces the consumer to substitute in favour of card use even at the same expected k.

Figure 6:  Dynamics of the consumer’s reaction function


 


   







Since the shape of the iso k-curves gives the interest elasticities of cash-card substitution, it is useful to make some comparisons over time and between the two countries of their respective iso k-curves.  In Figure 7, taking the U.K estimated k for 1990 and 1995, the respective Curves I and III are plotted to satisfy equation (11) using UK data for , r, Tc#, Vc, D in these two years from Tables 1 and 2.  Given that the k in both years is approximately about .74, we nevertheless find that they imply two different (k-curves that are far apart.  This can be attributed to the lower Tc# and higher  in 1995 as opposed to 1990.  This implies that ATM cash use has become more competitive and as we see from Table 2 these costs fell from 29 cents to 6 cents.  To verify that the effect of fall in ATM costs are more significant in the leftward shift 

of k-curves rather than the rise in , for Curve II we use the higher  of 1995 with other values of Curve I from 1990. Curve II as we can see registers only a small leftward shift vis-à-vis Curve I.  

Figure 7:  Comparing UK and USA iso (k-curves










Curve IV is for the USA in 1993 as it is at this point that k appears to have peaked at .85, marked by point C in Figure 7.  An important feature of highly advanced networked ATM and EFTPOS payments system with card dominance is that the k-curves are low and flat at low interest rates. While the U.S estimates for k fluctuates around .83, the curves associated with these different values are close and show no variation in their general shape.  This is due to a number of reasons.  First, the Tc# costs remain low and virtually unchanged indicating a certain level of saturation of networks with the flatness of the (k-curves indicating the high level of substitution between cash and card even for small interest rate changes.  Furthermore, though overall expenditures,  increase over time, once the per capita volume of card purchases, Vk, exceeds 50, the duration parameter, |D|, converges to .5 and this governs the lower bound of interest rates along the curves at high k ( k (1).
  In the US, with its advanced payments networks the lower bound on the interest rate appears to be between 2.6% and 4%.  At these rates, given the very flat nature of the k-curves, small interest rate changes have large amount of cash to card substitution.  

4.3Estimates of ineffectiveness of interest rate policy in US and UK 


  On comparing the U.S and the U.K we see some characteristic aspects to the  contraction in demand for transactions balances B as a result of a 1% increase in the deposit interest rate.  A combination of high k and lower initial interest rates, result in larger changes in B.  We see this on comparing the US and the UK when up to1993 the US k peaked at .85 and had lower interest rates than the UK. After 1993, we see that as the UK interest rates had fallen below that of the US and the UK was experiencing fast growth of k, contractions in B are larger in the U.K as opposed to the USA.  This is also true for the levels of B.  In other words, for a 1% increase in r,  in the US, the per capita B2E in (Column (3), Table 3) has averaged at about $25 while in the UK the levels of B fell drastically from over $ 35 to that of the US at about 1993.


The hypothetical case of a pure cash economy is given to illustrate the point that if models for the demand for transactions balances do not explicitly consider the  technology driven factors behind cash-card substitution, not only will there be an overestimation of the levels of B but also it will underestimate the interest rate elasticity of B.  The latter are in the region of 10% with little variation in a pure cash economy while in the cash-card economy, %(B for both US and UK has ranged from around 10% to about 40%.   This implies that despite the overall upward trend in velocity defined as GDP/Cash, velocity is highly volatile.  

Table 3:  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 derived from equation (17). 

Column (4), which shows the excessive per capita contraction of cash in circulation for a 1% increase in r, implies that it expands in the confines of depository institutions reducing thereby the currency deposit ratio.  The interest rate increase aimed at curbing bank lending, for instance, may consequently have little impact on a consumer spending boom if banks can be fully lent out.  Thus, in an economy with a high card network density, small interest rate rises starting from low initial interest rates are unlikely to be successful in curbing a credit boom. To mitigate the cash to card substitution effects reported in Table 3 we need to make reference to the k-curves to ascertain the levels of interest rate at which  
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 approaches zero.  These interest rates have to be substantially higher than the lower bound interest rates of between 2.5%-4%  implied by these curves and which have prevailed in recent years. 

5. Conclusion

In this paper we have set out to explicitly model some recent advances in the payments systems of developed economies. Whilst many papers have referred to the decline of the demand for cash use, none to date have provided the microstructure of network based technologies that drive the trend to cashlessness. The decline of cash use at point of sale is brought about primarily by an electronic funds transfer system, which does not necessarily have any credit type features.  We saw technology driven low cost payment systems such as the EFTPOS result in card dominance with less than half of the total value of retail expenditures being cash financed. We develop a simple Nash equilibrium model on the adoption by the representative merchant and consumer of a new payments technology with network externalities. Under assumptions governing optimal cash management by a representative consumer when cash and card networks are used to implement annual expenditures, we obtain a reaction function for the consumer that relates the expected parameter k of EFTPOS coverage with the proportion, (1-  of card financed expenditures. We explicitly included the dominance of cash use in volume terms and incorporating the differential flow effects of purchases of cash and card over the year.  This enabled us to obtain estimates on the volume of cash purchases. The condition that cash will continue to be used in the foreseeable future due to increased competitiveness of ATM cash dispensation has major implications for the shape and dynamics of the estimated k-curve. 

Comparisons of the EFTPOS and ATM developments in the US and the UK from 1990-1998 have shown a number of characteristics typical of an economy such as the USA which is already at a peak level of EFTPOS coverage of .85 and that of an economy such as the UK that is fast approaching this stage.  We hold that to draw conclusions regarding the implications of the decline in cash use for monetary policy analysis is premature and even dangerous without modelling the microstructure of payments networks. 

 The family of iso k-curves show that higher levels of card network coverage when combined with low costs of the cash networks, magnify the interest rate sensitivity of cash-card substitution. This was found to have crucial implications for monetary policy in that small interest rate rises targeted at curbing credit booms are unlikely to be successful.  Further, in terms of long term implications, we saw from Figure 4 that movements towards higher (k-curves with contraction of per capita transaction cash balances is a permanent decrease in the demand for M0
 which also increases liquidity in depository institutions.  Thus, declining M0 and lower deposit interest rates of recent years are adduced to be the consequence of advances in the payments system. Finally, our model points to the critical nature of maintaining deposit interest rates above 2%.
   Though, we hold that debit card and non credit form of EFTPOS account for larger share of substitution away from cash in retail payments, we intend to extend the model to include the use of electronic credit as a cash substitute.  Further, for a more thoroughgoing analysis of monetary policy, the model has to be extended to include an explicit banking sector with consumer credit.

Appendix 1:   Proof for Result 3

We require that Vc> Vk , yet PVEc= PVEk in (7).   Starting from an initial volume of purchases equal to that of the card purchases Vk which is known, we have to determine-  (i)  the precise increase in the volume of purchases for the cash fund relative to the card fund, dVk= Vc- Vk and (ii) the corresponding fall in value, d
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< 0,   that maintains  the same present value, PVEk, as for the card fund. For fixed interest rates, the total derivative of the present value function in (9) with j=k, is set equal to zero.   This has to be identical whether in volume, Vk,  or value $
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terms.  Hence, we have,
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=  Vk(1-r|D|) d
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Here, |D| denotes the absolute value of the duration of the funds and r|D| is the interest elasticity of the present value flow. Also note that, (r|D|-1) is the volume elasticity of the present value flow.  The duration of a flow value of a fund defined as the percentage change in the present value for a 1% change in the interest rate is given by the formula
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From (A1,2), we see that the two following relationships must hold for the iso-level PVEk curve, 


Q: 
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 (1 - r|D|) dVk  =   -Vk(1 - r|D|) d
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            Q# : 
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 dVk  = -Vk d
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Note, for the same level of PVEk ,  the R.H.S terms in (A4) and (A5) plot the iso-curves between PVku and  
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 and between  Vk  and 
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   are -Vk(1- r|D|) and –Vk .  Likewise, for the same PVEk,  the L.H.S term in (A.4) plots a linear relationship  between PVku and Vk  with the point of tangency  at Vk  given by 
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 (1 - r|D|).  Further, taking Q-Q# in (A4) and (A5), we note that the difference in the relevant pair of curves must satisfy the following

Q-Q# :                  Vk r|D| d
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    The only values of  dVk and d
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                       dVk  =  Vc-Vk = Vk r|D|  

                   (A7)

and          

         d
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In other words, these precise movements in volume and value are necessary to stay on the same PVEk level in (A1,2).  From (A7) we derive Result 3, that Vk > Vc which consistent with the iso-PVEk for a given Vk is



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



  

 

Appendix 2:  Proof for Result 10

With dk=0, the equation for k  in (11) evaluated respectively at initial (o ,ro  and equilibrium (E, r+) are equated.  Thus, when  rE= r+ with interest rate targets,
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Here, ao* and a*E  are the optimal rate of cash withdrawals defined in (3) at ((o, ro and (E,r+), respectively.  On substituting these into (A7) we have,

                       1-2 
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From this, we solve for (E to obtain the equation (17) in Result 10.
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� Table 1, in Section 4 gives the ATM and EFTPOS(card) payments data for the UK and USA for 1990-1998.


� 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.  Markose and Loke (2000) tabulate some of these indirect measures for cash use for G10 and EU countries.


� As  POS instruments go, though the credit card predated the debit or switch card, it is clear that the  larger growth in the value of debit transactions than credit transactions indicates that substitution away from cash is not being accomplished by a credit instrument.  For instance, the  BIS data on the USA for the year on year growth(%) from 1993-1998 for the value of debit and credit card transactions respectively are as follows: 32.05(17.29), 63.11(17.76), 75.89(20.28), 68.7(11.81), 62.99(8.98),  46.77(8.04).  The value outside the bracket refers to debit card and that in the bracket is for credit card. 


� Caskey and St. Laurent (1994) claim that the issuance of the dollar coin failed because authorities overlooked the strategic expectational aspects that arise in the adoption of a payment media with network externalities.  These include the incompatibility in the use of the dollar coin with existing vending machines.   Unless, vendors withdrew the one dollar note vending machines from circulation, there was no incentive for consumers to the use dollar coins which for the m


� A more elaborate framework for the dynamic evolution of payments networks  has been simulated on the basis of adaptive agents type  models in Markose and Vriend (2001).


� While making disbursements from his cash and card funds, the consumer adopts an average time interval between each of the cash purchases to be 365/Vc while that for card purchases is 365/Vk.  This results in respective discount rates in (7)of c=r/Vc and k=r/Vk where r is the per annum interest rate. The flow of purchases over time are then discounted at a compounded rate equal to the frequency of purchases. This corresponds to a capital budgeting problem with multiple but fixed value coupon payments in a year.


� Note that 1% change in the interest rate means a change from say 8% to 9% rather than 8% to 8.08%.  That is,  when r is 5% and |D|= .50,   r |D|= 5x 0.50= 2.5.  The relevant duration values for the card fund will be tabulated in the empirical Section 4.  However, it was found that for volumes/frequency of purchases per annum over 50, the duration value converges to close to .50 irrespective of interest rates.   


� Note in principle the optimal value of Vk can be obtained from optimizing  (10.a) taking Eck as parametrically given.  This yields Vk *  = � EMBED Equation.3  ���. 


� Note that (B = � EMBED Equation.3  ���(2 - 0) where the change in  indicates the extent of cash to card substitution.


�  Markose and Loke (2000) find that the average yearly growth of monetary base in 1988-1998 when compared to the period 1970-1998 shows a substantial fall in 17 out of 19 countries studied. 


� To make comparisons between an economy with cash-card substitution (0< <1) and a pure cash economy (=1), we use subscript 1 for the latter and subscript 2 for the former.


� In this model, the cash deposit ratio can be defined as � EMBED Equation.3  ��� where ( -B is the stock of deposits.  


� As the focus of this paper is on the network aspects of the cash payments system, the value and volume of cash use is taken to be those related only to the value of ATM transactions.  For this we use Table 6 of the European Central Bank/EMI publication Payment Systems in the EU Countries (1994,1996 and 2000) for the UK and Table 6 BIS for the USA. The data on the value and volume of card payments is from Table 14 and Table 15 of the EMI publication. EFTPOS related card payments data include both debit and credit cards. Note, the UK data on the value and volume of card use from the above sources also coincide with those given in the APACS Yearbook of Payment Statistics Table 6.5 (for card value) and Table 6.7 for value of ATM transactions.  Per capita figures are obtained by dividing the aggregate data by total population.  The latter are given in Table 1 in the EMI source.  The data on the value of card and cash use in the UK has further been converted into USD to facilitate international comparisons under taken in Markose and Loke (2000). The per annum deposit interest rate  is obtained from International Financial Statistics, Yearbook, 2000.


� For calculation of |D| refer to equation (A5) and footnote 5.


� Assuming  we can estimate the lower bound to the interest rate by rewriting equation (11) as follows:� EMBED Equation.3  ���, where the values for (,Vc2,Tc#,(k and |D| are taken from Tables(1 and 2), to solve for the lower bound interest rate, r. 


� Unlike Berensten (1997) we are of the view that the secular decline in M0 is already well advanced with POS cash substitutes studied in this paper and does not await future developments in digital money.  


� The application of our model for the estimation of per capita cash balances and its interest rate sensitivity in Japan, provides a cautionary tale.  Nominal interest rates of below 2% in Japan have proved to be a disincentive for EFTPOS development and economies in cash balances as compared to USA and UK.  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.  The larger per capita leakage of cash for transactions balances from depository institutions exacerbates the liquidity trap in Japan.  
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