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ABSTRACT

The primary purpose of this paper is (i) to show how network type retail payments innovations and the adoption of such cash substitutes by consumers which lead to smaller transactions balances influence the current dynamics of monetary base and (ii) to derive the price level and and inflation rate specifically for the networked retail sector where purchases are made by ATM cash and EFTPOS card.  For this  we use the analytical tools developed in Markose and Loke (2001, 2002) on the derivation of payments innovations technology constrained transactions demand for money.  The Nash equilibrium condition which specifies and relationship between the extent of EFTPOS card provision given by k , and the proportion of cash financed expenditures is such that the latter specifies the demand for monetary base in transactions. The demand for  cash in retail transactions is mediated by the banking sector both in terms of incomes of households held in bank accounts and also crucially in terms of the decision to optimally set the deposit interest rates which in turn determine the opportunity cost of cash use in transactions.

We find a non-linear (concave) relationship between the growth of monetary base relative to the growth of the value of retail expenditures.  In part II of the paper we derive the price index of networked retail expenditures financed strictly by ATM cash and EFTPOS card.  A significant feature of a model with such multiple payments media is that, because the price level is defined as a function of the weighted proportion of cash and the EFTPOS card financed expenditures, the price level is determinate even in the presence of cashlessness in transactions.  The networked price index so constructed for the UK has been found to shadow the general RPIX but is  more deflationary than the wider index.  

#* We are grateful for detailed comments from Charles Goodhart and useful discussions with Juha Tarkka and David Mayes at the Bank of Finland.  Sheri Markose is grateful for the hospitality of the Bank of Finland Research Department whilst working on this paper.  The email address for Sheri Markose is scher@essex.ac.uk.  

1. INTRODUCTION


There is almost widespread acceptance among monetary/macro economists and central bankers that during the 1990’s in all OECD countries inflation rates and nominal (deposit) interest rates have come down with the case of Japan marking a crisis point.  In most traditional models of inflation, in particular those yielding neutrality results, the price level is proportional to monetary base  and hence inflation growth is a function of the growth of monetary base (M0).   In this respect, the slow down in the rate of growth of monetary base (viz. increasing at a decreasing rate) in most OECD and G10 countrie, see Table 1, can be put forward as part of an explanation for falling rates of inflation.
  However, the interesting point is to what extent was the impetus in  the slow down in monetary growth rate due to supply or demand side processes ?  It is conceivable that fiscal conservatism leading to smaller monetization of government deficits may have altered the impulses for supply side growth of M0.  However, the fact remains that the bulk (over 70%) of the demand for monetary base is 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 (see, Table 1).  We will argue that this is possible only because a growing number of retail transactions can be made using the relatively recent innovations in non-cash substitutes in payments such as the EFTPOS card.  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 enhanced liquidity in depository institutions and financial deepening. 

 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
	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. 

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 main purpose of this paper is to show how network type retail payments innovations and the adoption of such cash substitutes by consumers which lead to smaller transactions balances influence the current dynamics of monetary base. For this in Section 1 we use the analytical tools developed in Markose and Loke (2001, 2002) on the derivation of payments innovations technology constrained transactions demand for money.  The Nash equilibrium condition which specifies and relationship between the extent of EFTPOS card provision given by k , and the proportion of cash financed expenditures is such that the latter specifies the demand for monetary base in transactions. The demand for  cash in retail transactions is mediated by the banking sector both in terms of incomes of households held in bank accounts and also crucially in terms of the decision to optimally set the deposit interest rates which in turn determine the opportunity cost of cash use in transactions.          

A straight forward consideration that consumers are concerned about the present value flow effects over a fixed period of time of disbursements/purchases made by different payments media which in the case of cash purchases introduces a non-zero deposit interest rate floor at which incentives to economize on cash cease.  Indeed, we show, Markose and Loke (2001, 2002) that this non-zero interest rate floor  is precisely 2%.  Taking the relevant cost function of cash purchases to be the present discounted value of per unit (volume) costs of cash purchases within a year (with discounting being done as in the case of mutiple coupon payments), the marginal cost of cash use in transactions becomes zero and then negative at exactly 2% deposit interest rates and below.  This was found to have crucial implications for the interest rate sensitivity of cash-card substitution.  In a Nash equilbrium in which both payments media are competitively supplied in terms of costs to the user as in Markose and Loke (2002,b) and in the payments technology constrained tranasactions demand for money econometric estimation in Dutta and Weale (2001), the interest rate semi elasticity of the transactions demand for money have been found to increase to about 20-22%.  This compares to about 4% in the absence of the payments innovations technology constrains on the transactions demand for money in this period.  The monetary policy implications of this were briefly analysed in Markose and Loke (2002,b). 
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The organization of this paper is as follows.  Section 2 develops the basic model of the household oriented loanable funds market and discusses the determinants of the optimal nominal deposit interest rate.  Section 3 will discuss the implications of interest rate policy on the liquidity in banks given payment innovations and the role of the banking sector in monetary policy transmission.  Section 4 gives a brief survey of relevant data for the U.K  and each of the theoretical results will be accompanied by an empirical calibration for the U.K. economy.  This is then followed by a brief conclusion in Section 5.  

2. A GENERAL EQUILIBRIUM FRAMEWORK OF THE HOUSEHOLD LOANABLE FUNDS MARKET WITH CASH-CARD PAYMENT INNOVATIONS

2.1 Household demand for competing payments media

This section gives a brief description of the consumer’s choice of payment media viz. ATM cash and card in implementing retail transactions.  As explained in Markose and Loke (2001, 2002) both ATM cash and card transactions are network goods in that the costs in their use fall with proliferation of the payment facilities and with a generic technology that supports greater compatibility of different cards.  Against the status quo of a fully versatile currency, the adoption of the new EFTPOS card technology by users and merchants depends on mutual expectations of the following kind.  Consumers will feel encouraged to use card and reduce their holdings of cash only if they expect that a critical mass of merchants will accept card payments.  Denoting the proportion of cash expenditures by  and the consumer’s expectation of the proportion of merchants who are EFTPOS linked to be ECk, the consumer’s reaction function is defined by RC ( ECk ).  Likewise, merchants will not subscribe to EFTPOS unless they expect a certain proportion of per capita expenditures will be card financed.  Hence, the reaction function of the representative merchant is denoted by RM (k, EM

  
We assume that in terms of these network effects, ATM cash and card are perfect substitutes to the consumer in the implementation of the payments for retail transactions spread over a fixed period of time.  Hence, an equilibrium where both media are used is one in which their present value marginal costs are equal.  

Network cost comparisons for card and cash use are done for given value of cash financed expenditures, ((=(c, and ((1-()(=(k) value of card financed expenditures for respective volumes of cash purchases Vc and Vk volume of card financed purchases.  These respective costs are:
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In equation (1), Tc is the total cost of cash network use.  It includes the standard opportunity cost of holding cash balances which arises from foregoing interest income, rD , the shoe leather cost of going to the nearest ATM, and thirdly the cost of using an incompatible ATM.  The latter two will be simply denoted by Tc#.  These costs apply to each ATM cash withdrawal, the total number of these is denoted by Wc.  In equation (2), Tk the cost of card network use arises only when the card payment is rejected by merchants with probability, (1-(k), and hence, the consumer has to fall back on the time honoured way of producing cash on the nail incurring the cost of cash withdrawal, Tc#.

The optimal number of cash withdrawals is given by minimizing (1) and it yields the Baumol-Tobin square root rule 
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On setting the optimal Wc* to equal the historical per capita number of ATM cash withdrawals and using data on r,  and , using (3) we estimate the unit ATM transaction costs to the consumer as
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The per capita optimal transaction balance is given by 

                  B*=
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We get the second equality in (5), on substitution of optimal Wc* in (2) here.  Note, when card substitution is possible,  < 1.
The costs in (1) and (2) apply to the respective disbursements from the cash ( and card funds ((1-)and these are assumed to take place over fixed period of a year.  To accord with the observed feature that cash purchases are high in volume and low in value relative to card purchases, we require that Vc  > Vk.  However, on a unit fund of $1 the present value of the respective disbursements worth 
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 must be the same to specify a no arbitrage relationship between the use of cash and card in payments.  Thus,  

                         PVE c = PVE k ,                                   (6.a)
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This implies that for a fixed value of card purchases for which there are records there is only one value of Vc , Vc  > Vk which satisfies the equality of present values in (6.a).   Thus, 

Vc = Vk ( rD |Q| + 1)  .                     
              (6.c)

Proof, see Markose and Loke (2001). 


Here, |Q| denotes the absolute value of the duration of the fund and rD|Q| 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.
  Thus, given that the volume of card purchases are recorded, this approach and the formula in (6.c) enables us to determine the volume of cash purchases for which records do not exist.  Note that the value of  |Q| tends to ½ when the volume of card purchases tends to about 50 irrespective of interest rates.

To obtain the optimal reaction function for a consumer with a CES utility function where ATM cash and card purchases are perfect substitutes and given that the present value flow effects in (6.a,b) are important, the respective marginal present value network cost functions have to be equal if both cash and card are used.  Thus, using (1), (2) and (6.a), 
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(7.a)

The optimal unit cost of cash use on the RHS above is obtained by substituting (3) into (1).  In an equilibrium in which cash and card use coexist the above condition yields, 



(1-EC k) Tc# rD |Q| =   
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From this, despite the well known indeterminacy in the optimal expenditure shares for the cash and card purchases in a CES function with perfect substitutes, the consumer’s reaction function RC ( ECk ) in (7.b) yields a unique relationship between the expected card network density parameter, k, and the possibility of substitution between cash and card determined by .  As |Q| is about ½, note the term (rD |Q|-1) in (7.b) is the volume elasticity of the present value flow of costs associated with cash disbursements which goes to zero  (or negative) at the deposit interest rate rD=2 (or below).  This crucially implies that that the incentive to consumers to economize on cash ceases at a critical non-zero interest rate equal to 2% .  
Result 1: In a representative agent framework, a rational expectations equilibrium requires the marginal representative merchant to determine the value for k which is consistent with the historical value for  and (7.b).  On rewriting (7.b), the Nash equilibrium of the adoption game yields
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Thus, from equation (8), the card network coverage parameter, k , for an economy can be calibrated by using per capita historical payments data on (,Vk rD , the deposit interest rate, and the estimated values for Tc# and Vc  from (4) and (6.c), respectively.
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Figure 1: Card network coverage ((k), interest rates (r) and the rate of cash-card substitutions (()
 










 For instance, using the historical payments data for the UK, the estimated k for 1998 is .79, viz. 79% of merchants are EFTPOS linked.  In Figure 1, iso- k curves in the (r, ) plane that satisfies equation (8) has been given.  Note that improvements in k  with k =.79 implies a left ward shift of the curve from that for k = .5. 

The main premise of this framework is that the level of k of an economy and the equilibrium relationship in (8) constrains the extent of cash-card substitution that is technologically feasible and economically optimal. In the short term, the dynamics of the household’s transaction balances, B, defined in (5), is constrained by the underlying card network coverage, viz. the iso (k-curves. 

In Figure 1, the iso-B curve with dB=0 in (5) is given as a straight line through the origin with slope given by 
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Result 2: The interest rate sensitivity of transaction balances when constrained to stay on a given iso-k curve is given by,
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 Here 
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 is the standard interest rate sensitivity while the following term is the interest rate sensitivity in cash-card substitution, 
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In Figure 1, it can be seen that improvements in  (k level of the economy can lead to improvements from say Y1 to Y2 implying the consumer who demands the same level of cash balances can do so at a lower interest rate.  With no iso (k  improvements on the other hand, a fall in the interest rate will result in a movement to a point such as X  with a higher .  Note the flatness of the iso (k-curves at low interest rate regimes implies high interest rate sensitivity of cash card substitution with the criticality of 2% nominal deposit interest rates as the volume elasticity (rD |Q|-1) the present value flow cost function of  cash disbursements from the RHS of (7.b) and in (9) goes to zero.  This effectively implies a non-zero interest rate floor at which cash economization ceases when the deposit interest rate is cut from the 2% critical point.   Indeed, as shown in Markose and Loke (2002) a model such as the above which assumes the competitive provision of ATM cash can result in a resurgence of cash use in advanced EFTPOS countries such has been found in Canada, Finland and France and in the low interest rate regimes of recent years.   Further, in the case of Japan, the low deposit interest rates which fell to about 2% and below by 1993 (see, Table 2), effectively stalled the development for demand for EFTPOS cash substitutes which had taken root in other OECD countries in this time.  

2.2 Monetary Authorities/Central Bank

Currently, the Monetary Policy Committee of the Bank of England, sets the repo rate in response to economic developments with the aim to achieve the inflation target.  The repo rate equation is assumed to satisfy the Taylor rule (1993) in a form defined below:
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(10)

Here rE is the nominal short term money market/repo rate set by the central bank, rpix denotes the retail price index and rpix* is the retail price index target and y is the percentage deviation of real output from trend.  Based on the Taylor rule, the monetary authorities set the repo rate. There is a symmetric adjustment of the repo rate when retail price index is above or below the target and with (3>0, the authorities can raise or lower the repo rate to meet the target.  



Under such a policy, all the central bank can do is to influence the cost at which reserves are made available to the banking system.  However, the effectiveness of controlling bank liquidity by the repo rate alone can be limited in an environment where banks practice active liability management.



In a simple model, the supply side determinants of the monetary base follow from the public sector borrowing requirements and also monetary policy considerations in (10).  Thus,



Ht – Ht-1= PSDt - OMOt .



(11)

Here Ht denotes the monetary base (high powered money, M0) at time t, PSDt refers to the public sector deficit at time t and OMOt is the outcome of open market operations in  marketable government debt.  Note, OMOt is a subset of total financing that meets the net liquidity requirements of the banking system.   The monetary base is composed of:
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where 
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 denotes the total stock of notes and coins in circulation held by non-bank public and Rt is the total reserves held by bank.  Legal reserves do not play a role as a policy tool in the current Bank of England monetary policy regime. Approximately 74% of the monetary base is held as notes and coins which is predominantly used for retail transactions.

2.2 The Banking Sector

Bank behaviour is modelled in terms of a representative risk neutral bank.  The bank’s objective is to maximize profits in terms of its assets and liabilities and optimally sets the deposit interest rate (rD) with reference to the repo rate (rE) imposed by the central bank.  The banking sector is assumed to hold a single type of loan (L) as asset and a single type of deposit (D) as its liabilities.  The balance sheet of the bank is:

 

Rt + Lt = Dt + Et   .                                          
(13)

Here Rt, reserves are held as a fixed proportion f deposits as:

Rt = (t Dt .


   

(14.a)

Further, the non-interest bearing deposits (NIB) can be expressed in terms of the total deposits (D) as follows:



NIBt = (t Dt .



(14.b)

Here, (t is found to have declined from 10.4% to 7.4% of deposits between 1990-1998 implying a fall in the proportion of deposits which is non-interest bearing.  To focus on the role of the transactions demand for cash and the scope for cash-card substitution, an explicit portfolio decision problem for the demand for deposits is not given.  Instead, the latter is assumed to equal the supply of deposits, which is governed by the simple multiplier rule in equation (15), with interest rate sensitive transaction balances being the main driving force behind it.  Thus, deposits, Dt is given by,
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(15)

The transaction balances, Bt is strictly based on ATM cash withdrawals for which it has been assumed that the consumer has no subjective preference for cash that arises from a desire for anonymity in its use.  Thus, the relationship between the transaction balances and the total “legal” per capita notes and coins in circulation, 
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, depends on a factor denoted by (t which includes arrangements such as over the counter withdrawals of state pensions form post offices and other habit inertia related non-ATM cash withdrawals. 


 
Demand for loans is assumed to be exogenous.  With the behavioural aspects of the loan demand encapsulated in a procyclical time varying coefficient, (t, empirically specified in Table 4 (column 5). Hence, loan demand will be defined as below:



Lt = (t Dt .



(16)

When demand for credit is high, (t > 1.  In a severe recession (t <1 will be assumed. Rewriting equation (13) by substituting equation (14a,b) and (16), the banking sector’s stock of external financing position is defined as follows:



Et = ((t + (t -1) Dt .


(17)

With Et being the liquidity to be financed either on the repo market or by private issuance of CDs whenever desired lending is in excess of the available inflow of retail deposits.    Note, if:  

a) (t > (1-(t)  then, Et >0.  If Et >0, the banking system becomes a net borrower in the money market.  This implies that the banking system experience a deficit of funds and will have to seek external funds to meet the loan demand.  The bank will incur a cost of rE per unit dollar for liquidity financed in the repo market.  

b) (t < (1-(t), then Et < 0. Likewise, if Et < 0, the banking system becomes a net supplier/lender to the money market.  When the bank has a surplus of funds, it enjoys revenue of rE per unit dollar of excess liquidity on short term government securities it acquires.  

The profit function of the bank is, 
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(18)

Substituting equation (14.b) into the above, the profit function can be rewritten as
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(19)

Substituting equation (16) and equation (17) into equation (19), the bank determines the optimal deposit rate that maximizes its profit, (t
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(20.a)

Substituting (15) for Dt into the above, 
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 (20.b)

Result 3: Taking the first order condition with respect to rD,
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                (21)

and solving (21), the optimal deposit rate is,
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From the derivation above, the optimal deposit interest rate obtained in full percentage points can be implicitly summarized as follows: 
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Using Result 3 and (22), we will assess the relative importance for the optimal deposit interest rate of the ratio of the optimal transaction balances to monetary base (B/H) which proxies for the enhanced liquidity in depository institutions from innovations in EFTPOS cash substitutes and that of the ratio of the non-interest bearing deposits to total deposits, , which proxies for bank competition.

Result 4:  The ratio of non-interest rate bearing deposits to total deposits (() and the ratio of optimal transactions balances to monetary base (B/H) affects the optimal deposit interest rate positively.  
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         (23.b)

Technically, equations (23.a,b) show that both ( and B/H have a positive effect on the determination of optimal deposit rate
.  In other words, as ( and B/H fall, the optimal deposit rate falls for any given positive money market rate rE and lending rate, rL.  As a result, the spread between the money market rate and deposit rate increases. Lower ( implies a higher proportion of deposits is interest bearing and hence the bank faces higher total interest rate costs, thereby reducing the bank’s endownment profit
.  The response to falling  as seen in (23.a) is to lower the deposit interest rate for a given rE and rL.  The significance of a lower B/H, as has been the case in the latter half of the 1990’s, is that more liquidity is being retained in the depository institutions.  Hence, any level of loan demand can be satisfied at lower deposit interest rates with a smaller B/H which arises from the reduced per capita demand for transactions balances.   With   common to both (23.a,b), the term B/H which is in (23.a) substantially reduces the impact of  on the deposit interest rate relative to (23.b). The calibration of this in Section 4 fully bears this out. 

3.PAYMENTS INNOVATIONS, MONETARY BASE GROWTH AND PRICE LEVEL AND INFLATION RATE DETERMINATION IN NETWORKED RETAIL SECTOR

3.1Monetary Base Growth With EFTPOS Developments 

From Table 1, it has been noted that the average growth of monetary base has not kept up with the average growth in retail expenditure.    

Here, we present conclusive evidence from the general equilibrium monetary framework which explicitly incorporates the levels of card network coverage, of a non-linear relationship between the growth of EFTPOS and ATM financed retail expenditures and the growth of monetary base. This relationship is derived, by substituting the optimal deposit rate from equation (22) into the Nash equilibrium card network coverage relationship in equation (8).   This yields,
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Result 5: Equation (24) yields a concave relationship between monetary base, H and the total value of retail expenditure,(.  The concavity implies that the monetary base grows at a decreasing rate vis-à-vis the growth in retail expenditures.   

FIGURE 3:  IMPLICATIONS OF PAYMENT INNOVATIONS ON MONETARY BASE









The curves are plotted using the equation (24) by substituting the values for the variables from the payments data of U.K. for 1990 (Curve II) and 1997 (Curve I).  Curve I is to the left of Curve II and this implies that the growth of monetary base in 1990 (Curve II) is growing at a slower rate for a given increase in the value of retail expenditure than in 1997 (curve I).  Further as the curves are concave, this implies growth of monetary base vis-à-vis the value of retail expenditure in 1997 is declining at a slower rate than 1990.  This is because of the increased cost competitiveness of ATM cash use relative to card use in the latter years.  Hence, to control for improvements in cost competitiveness of cash use from lower Tc#, in Curve III is derived by using high costs of cash use of 1990’s Tc# with the (k of 1997. 

Result 6 : Curve III shows that on controlling for cost reductions in ATM cash use, (k improvements drastically slow down the growth of M0 relative to that of retail expenditures, (.  

3.2 Price Level Determination and Inflation Rate With Cash-Card Pyaments 

In the traditional Sidrauski-Brock type framework, the price level is determined using a  function of the supply of monetary base and the inflation rate is proportional to the changes in the monetary base.  Neutrality results typically follow under such a framework where monetary models do not consider multiple payments media and when mediation of monetary base by the banking system is not incorporated.  This state of affairs has long been known to be unsatisfactory.  In a model where the supply of monetary base, payments media and liquidity are mediated by a banking system and one in which demand for transactions balances are determined by household’s payments habit, the determination of price level is a function of the banking sector’s external liquidity requirements, Et defined in equation (7).   As can be seen, the banking sector’s external liquidity requirements is a function of deposit creation in the economy given in (15) which depends on the stock of M0 less the behaviorally induced transactions demand for money. 



The market clearing condition specifies that the bank’s external liquidity requirement is met by sale/purchases of government paper in the repo market and by certificates of deposits in the wholesale market.  In this framework with both cash and non-cash financed expenditures, in the determination of price level, it is the level of bank’s external liquidity requirements defined by Et that plays an analogous role to monetary base in the traditional model of price determination.



One of the objectives here  is to compare the inflation rate as measured by the percentage changes in the consumer price index, CPI, for the economy as a whole with the inflation rate which arises exclusively from retail expenditures financed with the network payments media viz. ATM and EFTPOS.  

 

As a result, the variables determining Et have to be scaled down to account for networked retail expenditures only.  Therefore, a scale factor is introduced for this purpose.  The scale factor is defined by the ratio of the net  “non-credit” retail network transactions to total deposits.  The former refers to the total value of retail transactions which includes the value of ATM transactions and the value of card transactions, (  minus the value of outstanding unpaid credit card transactions, (kl.  This follows from the idea that outstanding unpaid credit card transactions is considered as a loan which is not debited from deposit holdings and hence, have to be subtracted from the scale factor.  The  scale factor is defined as:




[image: image35.wmf]t

kl

t

t

t

D

a

-

a

=

W

. 



(25)

Using the scale factor from equation (25), the banking sector’s external liquidity requirement, Et is scaled down accordingly. This is defined by lower case letters as, 
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where et = (tEt, lt= (tLt and dt=(tDt.  Loan is exogenous and consists of outstanding credit card loan(
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) and other sources of household loans (
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).  The supply of deposits is derived in equation (15), which is based on the deposit multiplier with the proviso that household demand for transactions balances is taken into account.  

Result 8 :  By substituting the loan and deposit function into the banking sector’s external liquidity, et (equation 26), the price level for the networked retail expenditures is derived as follows (see, Appendix1 , for derivation):
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The price level, Pt is a non-linear function of retail expenditure shares (cash financed, ( and card financed, 1-(), the household demand for loans, monetary base and the banking sector’s external liquidity requirement.

 

As can be seen from the price level equation derived in (27), the standard neutrality results based on a linear relationship between monetary base and price level does not hold in this model.  The square bracket in the denominator can be viewed as the weighted sum of the outstanding credit card loan purchases
 and the deposit multiplier effect on the ratio of optimal transaction balances
 to total value of network purchases. As the denominator is a function of the shares of cash-card retail expenditure, price level will still be determinate even in the absence of cash use in transactions ((=0) or as the economy approaches cashlessness in payments (((0).   In other words, the cash-card retail expenditure shares become the nominal anchor in the price function. With cashlessness, expenditures are still incurred and will be paid by non-cash methods such as by EFTPOS –card. 

Result 9: The log linear version of the equation (26) yields the inflation rate.  The inflation rate, (t is given by:
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(see, Appendix 2, for the derivation).



Figure 4 compares the historical (actual) inflation rate
 in U.K for 1991-1998 with the calibrated inflation rate derived from equation (27).  From Figure 4, it is observed that the trend of the calibrated inflation rate for the cash –card networked sector mirrors the trend of the historical inflation rate in U.K from 1991-1998 except for 1995 and 1998.  The 1992-1993 recession caused the historical inflation rate to dip to a low 1.6%.  This is also found in the calibrated inflation rate as it fell to –0.93%(deflation).  Overall, the calibrated inflation rate is lower than the historical inflation rates and this can imply that networked retail expenditures, on average, contribute to a lower rate of inflation compared to the aggregate CPI rate for the  economy as a whole.  

FIGURE 4:  HISTORICAL AND CALIBRATED INFLATION RATE IN U.K.: 1991-1998


Finally, the strength of the correlation between inflation rate and its components are given in Table 6.7. The correlation between the inflation rate ((t) and changes in the non-credit card loan (
[image: image41.wmf]t
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D

) seems to be strongest and then followed by monetary base ((ht).  This observation is consistent with the standard theory that strong loan demand and high supply of monetary base are inflationary. Changes in the banking sector’s external liquidity requirements ((et) has a non-negligible correlation with inflation though it is clearly less significant than the impact of monetary base and loan demand.

TABLE 2: CORRELATION MATRIX BETWEEN INFLATION RATE AND ITS DETERMINANTS
	
	Inflation, (t
	(et
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	(ht

	Inflation, (t
	1.000
	
	
	
	

	(et
	0.3398
	1.000
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	0.9459
	0.4741
	1.000
	
	

	((tkl
	0.7943
	0.0153
	0.6440
	1.000
	

	(ht
	0.8817
	0.2523
	0.9076
	0.8128
	1.000


Seigniorage in selected countries: 1990-1998 (US$ billion)
	
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998

	Switz.
	1.89
	1.69
	1.73
	1.01
	0.95
	0.78
	0.48
	0.34
	0.32

	Germany
	7.98
	8.55
	10.69
	7.97
	7.04
	7.29
	5.42
	5.29
	5.27

	Spain
	6.30
	6.72
	7.32
	5.37
	4.34
	5.92
	4.53
	2.87
	2.14

	USA
	19.14
	14.99
	10.33
	9.89
	15.52
	21.05
	20.39
	22.19
	22.81

	Belgium
	1.19
	1.13
	1.20
	1.05
	0.66
	0.68
	0.25
	0.47
	0.46

	Sweden
	1.43
	1.24
	1.42
	0.72
	0.66
	0.84
	0.61
	0.39
	0.33

	Italy
	7.16
	7.70
	9.93
	6.03
	5.46
	6.54
	5.49
	4.32
	3.30

	France
	4.77
	4.38
	5.08
	3.75
	2.66
	3.40
	1.95
	1.62
	1.68

	Greece
	1.39
	1.33
	1.34
	1.22
	1.30
	1.17
	0.99
	0.78
	0.93

	Canada
	2.29
	1.68
	1.29
	0.96
	1.11
	1.41
	0.89
	0.71
	1.03

	Portugal
	0.59
	0.67
	0.68
	0.00
	0.00
	0.43
	0.33
	0.20
	0.00

	UK
	4.12
	3.21
	2.79
	1.49
	1.57
	2.12
	1.96
	2.49
	2.78

	Ireland
	0.24
	0.23
	0.00
	0.21
	0.15
	0.19
	0.17
	0.24
	0.23


Note: Seignorage = Notes and coins outside banking system x T’bill Rate.  

Source: International Financial Statistic Yearbook 2000. 
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� It is well known that productivity growth and lack of upward pressure of  factor prices such as wages can be a direct cause of the fall in the price level.   


� 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 (6.b) of rD /Vc and rD /Vk where rD is the per annum deposit 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 the respective coupon payments here for the unit cash and card funds are � EMBED Equation.3  ���and � EMBED Equation.3  ���.





� 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. It was found that for the volume of purchases per annum over 50, the duration value converges to close to .50 irrespective of interest rates.


� The full explanation of the Nash equilibrium of the adoption game has been given in Markose and Loke(2001). 


� This is similar to the variant of Taylor’s rule in terms of price level as mentioned in Bank of England (1999).    


� Note here, in taking the first order conditions with respect to rD we use the payments technology constrained interest rate sensitivity of optimal transactions balances in ( 9 ) viz. (B/( rD � EMBED Equation.3  ���.   The optimal deposit interest rate, unconstrained by payments technology, simply uses  the standard (B/( rD = ½ B/rD and yields  � EMBED Equation.3  ���.


� With the interest rates expressed in full percentage points in � EMBED Equation.3  ���and � EMBED Equation.3  ���equal to one or above and the reserve ratio being about .04 ,  this term is positive.  


� Also, when general level of interest rates rise, with a lower proportion of non-interest bearing deposits, banks enjoy a lower rate of  profits from receipts from the higher lending rate as a smaller fraction of loans are now financed by zero interest bearing deposits (Cuthbertson, 1985).


� Note, � EMBED Equation.3  ���


� Note also, � EMBED Equation.3  ���


� Refer to Tables A.6.1 and A.6.2 in the Appendix for the values of the respective variables.


� The inflation rate in U.K is calculated based on the percentage change of consumer price index (CPI) with base year in 1995.
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