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The role of wealth in money demand* 


I. Introduction 

The discussion about the role of wealth as adeterminant of the demand for money is not a 

new one. Already in the early 1960s an animated discussion developed on the relevance of 

various scale variables for the money demand in the wake of Friedman's permanent income 

hypothesis and Tobin's theory of portfolio selection.1 From the point of view of monetary 

theory, the inc1usion of wealth was accompanied by a move away from traditional 

approaches, which had been based more on a transactions-oriented concept,2 and towards 

theories which viewed the holding of money as a process of portfolio allocation. The 

implications for monetary policy are no less significant, for the ability to control the money 

supply presupposes a very detailed knowledge of money demand and its determinants. 

Rather accurate forecasts of the demand far money are necessary in order to determine the 

monetary policy course for the future. With a view to minimising forecasting errors, it has 

to be ensured that the money demand can be captured by just a very few economic 

variables.3 

If wealth can be shown to have an influence on the pattern of money demand, that variable 

must also contribute to the trend in the velocity of circulation since money demand and the 

velocity of circulation are simply different aspects of the same phenomenon. 

It should be pointed out (though here only in passing) that wealth is also sometimes 

considered to have far-reaching implications for fiscal policy. For example, if an 

expansionary fiscal policy is financed by the issue of government securities and if those 

I would like to thank R. Fecht, H. Hansen, P. Kugler, M. Scharnagl, C. Willeke and the participants in a * 
workshop at the Deutsche Bundesbank for valuable comments and suggestions. 

1 See Friedman (1957) and Tobin (1958). 

2 See, for example, the works of Baumol (1952) and Tobin (1956), but also Miller and Orr (1966). 

3 Judd and Scadding (1982), page 993. 
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securities fonn part of the assets of private economic agents, the public debt increases the 

stock of assets held by individuals, which may in turn lead to an increase in the demand for 

goods and money. In such a situation the restoration of money market equilibrium (given a 

non-accommodating monetary policy stance) necessitates, over and above the inevitable 

increase in interest rates in response to the expansionary fiscal policy course, an additional 

rate rise, thereby further dampening investment demand.4 The two effects thus have a 

positive and a negative impact, respectively, on national income. If the wealth effect on the 

money market exceeds that on the goods market, the result is a "portfoUo crowding-out 

efjed,.5 Hence the existence of wealth effects could Iargely neutralise the effects of fiscal 

policy. 

The stock of assets held by the non-bank sector in the Federal Republic of Gennany has 

expanded rapidly over the past few decades. Whereas at the end of 1960 the financial assets 

of households and of producing enterprises had totalled DM 170 billion and DM 114 

billion, respectively, the corresponding figures at the end of 1994 were DM 4.3 trillion for 

households and DM 2.2 trillion for producing enterprises.' If wea1th does indeed constitute 

an explanatory variable in the money demand, it may be presumed - given the magnitudes 

involved - that its influence has grown in importance over time. 

This study focuses on attempting to examine in greater depth the importance of wealth for 

money demand. In particular, the theoretical hypotheses are to be tested empirically as 

weIl. To that extent the present study represents one of the first of its kind for Gennany. 

Following some introductory remarks, the basic hypotheses of a theory of money demand 

are briefly outlined in section 11. As an exhaustive account would exceed the bounds of this 

work, such an attempt must be confmed of necessity to the basic features. No clear-cut 

definition of the relevant wealth variable can be derived from theory. The main thrust of 

section m is therefore an attempt to quantify this variable for Gennany. Section IV 

4 	 It is perhaps useful at this point to speil out the distinction between "conventional crowding-out" and 
"port/oUo crowding·out". In the fonner an increase in public spending totally or partly crowds out 
private expenditure. The lalter leads to an increased demand for goods and money on the part of 
individuals and. as the money supply is constant, to higher interest rates in order to restore the 
equilibrium of the money market. 

5 	 See Blinder and Solow (1974, page 45 ff.), but also Friedman (1985). 

6 	 Deutsche Bundesbank (1995), May Monthly Report. page 33 ff. The data for 1994 relate to Germany as 
a whole. All figures are based on a vaJuation of securities at market prices. 
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comprises an empirical analysis. In the following section its results are implemented into a 

model in which the determinants of the velocity of circulation are derived and tested for the 

M3 aggregate. The closing section consists of a summary of the results and abrief 

discussion of the monetary policy implications. 

11. Theoretical foundations 

Any meaningful econometric study must be based on theoretical hypotheses which can 

then be verified (or negated, if appropriate) by the data. 

The starting point for the following considerations is the Fisher equation: 7 

(1) M,VEP·T which transforms into 

1
(2) ME-·P·T 

V 

where M denotes the money stock, V the velocity of circulation, P the price level and T the 

trans action volume. The two equations have a tautological character, for the aggregate 

volume of transactions in an economy over a given time can be measured both on the 

goods side (the number of transactions conducted multiplied by the average price at which 

they take place) and on the money side (the amount of money in circulation multiplied by 

the average number of times it changes hands over the same period). Only the hypothesis 

of a constant velocity of circulation (1/V =k =constant) transforms the identity (2) into a 

behavioural equation (3) which can be interpreted in the sense of a money demand 

function: 

(3) M = k· p. T where k = cash holding coefficient - constant 

7 See Fisher (1922), especial1y page 21. 
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In this older form of the quantity theory, 8 the velocity of circulation is determined by 

institutional factors whose behaviour - according to the decisive assumption - is subject to 

a certain inertia over time.9 However, the rnere observation of this time series over the 

course of the business cycle, particularly the experience of periods of pronounced inflation 

rates, has shown dernonsttably that the assumption of a constant velocity of circulation is 

by no means warranted.tO It is customary in the empiricalliterature to replace the unknown 

transaction volurne by the real national product (Y'): 

(4) M· V = p·Y' 

In this case V represents not the transaction velocity but the incorne velocity of rnoney. 

One of the cornerstones of the Keynesian liquidity preference theory is the explicit 

inclusion of the return frorn holding other assets. For this purpose rnoney demand is 

subdivided into an interest-related speculative demand for rnoney (Ms), an incorne-related 

precautionary demand for money and an incorne-related transaction demand for rnoney 

(MT). Given these assumptions, the demand for rnoney will take the following form: 11 

where iA is the interest rate of an alternative asset. The derivation of the rnoney demand 

frorn two independent determinants has to be interpreted in the sense of a "mental 

construct" and not in the sense of a mechanical segregation. tl This consideration suggests 

the following functional form: 

8 	 This form is sometirnes referred as tbe "rigiJI' version of tbe quantity theory. 

9 	 Friedman takes a different view, bowever (1979), page 18. 

10 Friedman (1979), page 27 ff. 

11 	See Keynes (1936), page 199. The precautionary demand for money and the transaction demand for 
money are usuaJly combined. 

12 Keynes (1936, page 195) observed "Money held for each of the three purposes forms, nevertheless a 
single pool. which the holder is under no necessity to segregate info three water-tight cornpartments; for 
they need not be sharply divided even in his own rnind, and the same surn can be held prirnarily for one 
purpose and secondarily for another". 
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The post-Keynesian approaches adhere in principle to the analytical segregation of the 

money demand into the three purposes. One initial group of works takes a doser look at 

the transaction purpose, arriving at the so-called "inventory models". The demand for 

transaction funds is basically determined by the changes in the aggregate transaction 

volume and the degree of synchronisation (between inpayments and outpayments). Given 

the assumption of growing economies (and, therefore, a steady increase in the transaction 

volume), a continuous increase in the money demand for transaction purposes could be 

inferred from this. The fact that this is not the case is due to the cost of holding money 

instead of interest-earning assets. These costs can be lowered by temporarily investing part 

of the transaction funds in higher-yielding assets. The higher the interest yield the more 

frequent are portfolio shifts and the smaller are the cash balances held for transaction 

purposes (on average over a given period),13 From these considerations it follows that 

changes in the money demand for transaction purposes can be ascribed to changes in the 

aggregate transaction volume and the cost ofholding cash.14 In formal terms this gives us: 

The elaboration of the Keynesian speculation purpose led to the theory of IIportfolio 

selection" in the mid-fifties. The key feature of this approach is to analyse the demand for 

money within the framework of utility maximisation subject to certain constraints. It 

concentrates on the search for an optimum portfolio structure under a constraint imposed 

by the amount of wealth held,15 The criteria for dividing assets between money and bonds 

13 To be more precise, it is the net interest yield, Le. the difference between the interest yield and the cost of 
the portfolio switch. 

14 The interest elasticity of the transactions demand for cash was the object of the basic research of Baumol 
(1952), Tobin (1956) and Miller and Orr (1966). 

15 The budget constraints of (static) portfolio models do not as a role contain any f10w variables such as 
income. In Tobin's model, for example, (1969, page 24) the budget constraint embraces the stocks of cash, 
securities and physical capital goods. 
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are the risk involved and the expected yield.16 It follows that the demand for money as an 

asset is detennined by the size of the assets (W), by the own rate of interest of money (iE) 

and by the rate of interest payable on an alternative asset (t). This gives us: 

If account is taken of both purposes, it is logical to incorporate both income and wealth as 

independent variables in the money demand function. Under this constellation the 

aggregate demand for money would be a function of interest rates, income and wealth: 17 

In his reinterpretation of the quantity theory, Milton Friedman modified the assumption of 

a constant velocity of circulation.18 Money is treated as a good, just like any other; the 

demand for money is then likewise analysed in line with the concept of utility 

maximisation under given constraints.19 As is the case for all goods, the price of the good 

demanded, the resources available and the preferences of economic agents must then be 

taken as the determinants of demand. This gives:lO 

where iE and iB represent the different interest rates, w the ratio of non-human wealth to 

human wealth and u the preferences ofeconomic agents. 

16 The probable yield from holding elcbt sccurities can be captuIed by a frequency distribution whose first 
two moments, i.e. the yield and the distribution, reflect the relevant parameters for holding securities. 
Tobin (1958, page 74) rernarks "It is a sirnplification to assume that the investor chooses among the 
alternative probability distributions ( ... ) avaiJabJe to hirn on the basis of only two parameters of those 
distributions". 

17 Teigen (1979), page 108 and Johnson (1962), page 355. 

18 See Friedman (1956). 

19 Friedman (1956, page 4) wrote: '''The analysis of the elcmand for money ( ... ) can be made formally 
identical with that of a demand for a consumption service". 

20 Friedman (1956), page I 1. Some of the nomencJauture has been adapted to the present work. 
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Although post-Keynesian approaches and neo-quantity theory follow different 

methodologies, they arrive at similar money demand functions. Assuming constant 

elasticities, the corresponding equation could then read: 

where E denotes the residual term of a corresponding estimation. If it is further assumed 

that the economic agents are not subject to money illusion, areal specification is 

appropriate: 

Both theoretical and empirical objections have been raised to such a specification. Both 

types of objections emanate from the fact that the variables income and wealth are not 

independent of one another. If, taking a theoretical approach, it is assumed that wealth also 

comprises all capitalised labour ("human capital"), income can be defined as earnings from 

wealth and wealth as capitalised income. With the aid of a corresponding interest rate an 

exact functional relationship between the two variables can be derived: 

Should this relationship hold, the money demand approach could be interpreted both in the 

sense of the income hypothesis and of the wealth hypothesis.21 In this case any attempt to 

estimate the correlations between money demand, income and wealth would be pointless. 

On the other hand, it can be argued that, while no one denies that the two variables are 

linked to one another via saving, they do not necessarily stand in the exact functional 

relation to one another defined above. No empirical evidence can be fumished anyway as 

neither time series on "human wealth" nor on an income variable defined in this way, nor 

on a corresponding interest series exist. The econometric reservations are based on the fact 

that, given a elose correspondence between the interest series of wealth and of income, the 

21 Meltzer (1963), page 220. 
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inclusion of both variables in the money demand function would inevitably lead to 

technical estimation problems. We shall return to this problem later. 

The assumption of constant interest elasticities, as posited in the double logarithmic model 

(13), implies that an increase in the interest rate by a given percentage leads to a (constant) 

decline in the money demand which is independent of the interest rate level. In the semi

logarithmic model, by contrast, the interest elasticity varies (with constant interest semi

elasticity) with the level of the interest rate. For this reason the interest rate is sometimes 

included in the estimation in the fonn of a semi-elasticity:12 

where all variables except the interest rates are expressed in logarithms. 

Another important specification decision is the question of whether the equation is to be 

estimated in nominal or in real fonn, as the reduced fonn was derived under the 

assumption that cash balances are held not so much because of their nominal value as 

because of their purchasing power. Moreover, since it was doubted that economic agents 

can be subject to money illusion in the long run, it seemed sensible to consider money 

demand as a real variable. Consequently, the following variant of the estimation 

ought to result in a price elasticity of Ps - I. However, aseries of studies have rejected the 

assumption of price homogeneity for Gennany.23 Such results have also been found for 

other countries, too, and some commentators have even pointed out that the restriction to 

price homogeneity leads to implausible coefficients.24 Both theoretical and empirical 

22 Both approaches are possible. For a model using a constant interest semi-elasticity see, for example. 
Boughton (1991 b), and for a model using a constant interest elasticity see, for example, Hoffman, Rasche 
und Tieslau (1995). 

23 See Boughton (l99la), Boughton (l991b), Sauer (1992) and Gerlach (1994). 

24 See AngeJini, Hendry und Rinaldi (1994) page 19. Tbe authors explicitly point out that the inclusion of 
the seventies leads to the rejection of the hypothesis of price homogeneity. Brookes et a1. (1991, page 
135) comments as follows on one of their results: "When the price elasticity is restricted 10 one, the 
income eJasticity becomes unacceptably low". 

-8

http:coefficients.24
http:Gennany.23


reasons are conceivable for that. While it is agreed theoretically that the transaction 

demand for money should show linear homogeneity of prices, as a doubling of the nominal 

transaction volume should lead to a doubling of cash balances held for transaction 

purposes, it is debatable whether this also holds for the speculation pool. Although this is 

often assumed for the sake of simplicity, it certainly need not be the case. Empirically this 

result has been ascribed, firstly, to aggregation problems which cause errors in estimating 

the parameters, but sometimes also (especially in the context of cointegration methods) to 

distortions due to the brevity of the estimation period.25 It is also conceivable that the price 

index employed does not correspond to the one used by economic agents for deflating 

prices. In this case there is no conflict with the theory. To sum up, it may be said that, 

particularly when dealing with more broadly defined aggregates, price homogeneity cannot 

be assumed apriori. 

Before the relationships derived above are subjected to empirical testing, the question of 

determining the relevant wealth variable must be examined more c1osely. 

25 Boughton (1991 b), page 24. However his estimation period encompasses 25 years. 
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III. Definition of wealth 

111.1 Fundamental consideratioDS 

So far in this work the defmition of the wealth variable has not been analysed in great 

detail. But for empirical purposes this variable needs to be specified more precisely. 

If we take as our starting point a broadly defined concept as used, say, by Friedman, the 

definition of wealth would need to comprise not only fmancial assets and fixed assets but 

also "human wealth". Attempts to quantify the latter variable, however, meet with 

insuperable difficulties. It therefore seems appropriate to confme the definition to the sum 

of financial assets and fixed assets, known as linon-human wealth". 

Particularly in the context of explaining money demand, it may further be presumed that 

the degree of liquidity of the assets plays a certain role. If the degree of liquidity is included 

as one of the defming criteria for wealth, an even narrower defmition would be justified, 

for financial assets have a higher degree of liquidity than fixed assets. That is due to their 

extensive separability, homogeneity and fungibility. Although the degree of substitutibility 

between fmancial assets and fixed assets varies with the time horizon, there can be no 

doubt that fixed assets, too, can be converted into more liquid forms over a longer time 

frame. Over the shorter term, however, financial assets undoubtedly have a higher degree 

of liquidity than fixed assets, while human wealth cannot be turned into liquid assets at all 

in the short ron. This would suggest that the aggregate fmancial assets should be the focus 

of portfolio allocation. 

The question of choosing the appropriate aggregation method is of particular importance in 

this context. If the figures are aggregated on a consolidated basis, the claims which 

domestic economic agents have on each other are eliminated since total claims on the one 

side are offset by an equal amount of liabilities on the other side. That would result in net 

wealth. If, on the other hand, simple summation is chosen as the aggregation method, gross 

wealth C'portfolio wealth lf
) has to be the focal point of attention.26 

26 A similar line of thought is to be found in Fields and Hall (1987). page 1040. 
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The choice of aggregation method can be based either on statistical criteria or on economic 

considerations. On the basis of statistical criteria, the answer is quite dear: as a rule net 

wealth displays better estimation properties. Consequently, empirical studies for other 

countries have mostly been based on net wealth.27 

From an economic point of view the result is much less dear-cut, however. Money demand 

functions are ultimately the product of the aggregation of individual microeconomic cash 

holding motives. If individual economic agents optimise their portfolios independently of 

one another, that would be an argument in favour of choosing gross wealth. Taking account 

of mutual dependencies, by contrast, results in net wealth. 

One drawback of using net wealth is that, in the final analysis, the degree of consolidation 

has to be chosen more or less arbitrarily. In the extreme case of complete consolidation the 

only value which remains for an open economy are that country's net claims on the rest of 

the world. It is not immediately obvious why this variable should represent a principal 

determinant of the demand of domestic economic agents for domestic currency. 

Another possibility would be to view cash holdings as a temporary investment vehide 

within the process of shifting between different forms of assets. In this case the portfolio 

structure must be considered the principal determinant. This determinant cannot be 

captured by net wealth, which makes further investigation impossible. For these reasons 

the present work focuses on a gross wealth variable.28 

111.2 The definition used in this study 

The financing patterns in Germany are regularly reported and commented upon by the 

Deutsche Bundesbank.29 The financial flows account, which attempts to trace the flows of 

27 For example, Angelini, Hendry and Rinaldi write (1994, page 19): "We opted for net financial wealth 
wh ich , ( ... ), should not give rise to simultaneity bias". 

28 The theoretical models of Tobin (1969), Blinder and Solow (1974), Brunner and Meltzer (1993; page 83 
ff.) and Friedman (1956, page 4 ff.) likewise appear to be based on simple summation. 

29 See, for example, Deutsche Bundesbank (1995), May Monthly Report, pages 17 to 43. 
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funds during the period under review, is supplemented by the financial assets and liabilities 

account. The latter records the stocks of claims and liabilities on a given reporting date 

valued in monetary units. That enables balance sheets of assets and liabilities to be drawn 

up both at the macroeconomic level and by sector. Economic agents are basically 

subdivided into four non-financial sectors (households, enterprises, govemment, non

residents) and three financial sectors (banking institutions, building and loan associations, 

insurance enterprises).30 The Bundesbank customarily treats housing as aseparate sub

sec tor of the enterprise sector as it is subject to different considerations than are producing 

enterprises.31 

Adefinition of non-human wea1th which seeks to be relevant in terms of a conventional 

definition of the money stock would need, in principle, to encompass the fmancial and 

fixed assets of the non-bank sector, i.e. those of households, enterprises (excluding 

housing), insurance enterprises, investment funds and building and loan associations. The 

financial flows and financial assets and liabilities accounts contain fairly precise figures on 

corporate fixed assets but not on the fixed assets of other economic agents.32 

Consequently, the present study is based on portfolio wea1th. While it cannot be denied that 

fixed-asset variables likewise represent relevant determinants, such studies are not made 

owing to the lack of data.33 

In turn, the portfolio wea1th recorded in the financial accounts mentioned above consists of 

funds invested with banks, funds invested in the securities markets and funds invested 

under savings schemes with building and loan associations. Specifically, it comprises cash, 

sight deposits, time deposits, current deposits and savings deposits, savings bonds, debt 

securities, balances with building and loan associations and claims on insurance 

30 	The sectoral cJassification is based on the residence concepl Foreign economic agents domiciled in 
Germany are counted as domestic economic entities. whereas German economic entities domiciled 
abroad are treated as noo-residents. 

31 	 More detailed reports on tbe fmancial accounts and tbeir macroeconomic implications can be found in 
Schlesinger (1972) and each May issue ofthe Bundesbank's Montbly Report. 

32 Estimates of individual components of households' fIXed assets are contained in Deutsche Bundesbank 
(1993), October Monthly Report, in the literature quoted in tbat article and in Schäfer and Bolleyer 
(1993). 

33 Properly speaking, financial assets implicitly comprise part of the stock of fixed assets as weIl since. as 
ultimately money is owed to households by enterprises. households also have a claim on the latter's fixed 
assets. 
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enterprises.34 Funds held in the form of shares have a dual character. Strictly speaking, 

they are not claims but rather shares in the capital of an enterprise. From an economic point 

of view, however, theyare a form of acquisition of financial assets which competes with 

other possible forms of investment, which justifies their inclusion under portfolio wealth. 

Moreover, this approach is in line with international practice.35 

A further modification had to be made for statistical reasons. The end-of-year figures 

shown in the financial assets and liabilities account were recalculated on the assumption of" 

equal increases on a quarterly basis. The break: in the time series caused by German 

reunification in 1990 was handled as follows. For the first and second quarters the' 

corresponding rates of growth for western Germany were taken. The third quarter 

comprises the all-German rate of increase which is calculated retrospectively from the end

of-year figure. This ensured that the break in the data occurred in the third quarter. The 

portfolio wealth and its individual components ca1culated in this way are shown in the 

following table. 

One striking feature is that the financial assets of non-banks in Germany have grown 

substantially during the past twenty years. This considerable and continuous build-up of 

financial assets is due mainly to the specific behaviour of German households. That is 

based in turn on a comparatively high propensity to save by international standards which, 

among other things, is doubtless a positive consequence of the low inflation rate. An 

increasing contribution to the accumulation of private financial assets has also been played 

by capital income. 

34 The enlargement of the financial flows and financial assets and liabilities accounts, which was 
undertaken in August 1995 in conjunction with the change-over to Germany-wide reporting, was. 
accompanied by a fundamental change in valuation methods. Instead of valuing debt securities at 
nominal values and shares at cumulative issue prices. as be fore, market prices are now the valuation 
criterion and hence also the basis of the caIculations. The concept of wealth is therefore now based on the 
actual market value of the assets held. See Deutsche Bundesbank (1995), Special Statistical Publication 
4, August. 

35 See Deutsche Bundesbank (1995), Special Statistical Publication 4, August, page 22. 
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Table I: 


The growth of portfolio wealth over time 


E d n -0f-year eve Is;
I DM billi Oll 

Portfolio wealth 

Year Households Enterprises t) Insurance Builiding 2) Investment - 
Total 

enterprises and loan funds 
association 

1975 942.9 433.1 159.7 86.3 27.1 1649.0 
1976 1049.0 477.5 179.1 94.2 30.4 1830.3 
1977 1159.0 519.3 200.5 101.5 33.8 2014.2 
1978 1259.6 574.4 224.1 111.1 37.2 2206.4 
1979 1366.5 611.0 251.9 121.9 40.6 2392.0 
1980 1483.5 657.3 281.2 132.3 44.0 2598.3 

1981 1605.4 725.4 314.0 142.0 62.4 2849.2 
1982 1758.0 788.8 349.4 148.0 80.8 3125.0 
1983 1890.9 872.8 386.4 154.0 99.2 3403.2 
1984 2044.0 948.9 425.9 158.8 117.6 3695.2 
1985 2214.7 1057.3 469.0 158.8 136.0 4035.8 

1986 2361.4 1105.7 515.9 155.6 154.4 4292.9 
1987 2443.5 1090.4 562.8 153.6 172.8 4423.1 
1988 2635.9 1224.7 612.9 154.0 191.2 4818.7 
1989 2832.2 1425.4 666.7 158.6 209.6 5292.5 
1990 3187.2 1593.5 824.6 165.8 228.0 5999.3 

1991 3467.4 1714.3 898.5 175.9 274.4 6530.4 
1992 3723.0 1848.5 981.9 190.3 294.6 7038.3 
1993 4099.1 2067.1 1154.2 205.3 394.3 7920.0 
1994 4320.0 2197.8 1207.1 216.5 454.7 8396.2 

All figures rounded. from 1990 for Germany as a whole 

1) Excluding housing 

2) Figures partly interpolated. 

Source: Deu~he Bundesbank 

-14



IV. Empirical studies 

As already mentioned, attempts to quantify the influence of wealth on the money demand 

are not new. The bulk of such studies, however, relate to the United States. The first papers 

were published by Stedry and by Bronfenbrenner and Mayer. The works of Meltzer, 

Brunner and Meltzer, Laidler and Chow also deserve mention.36 More recently some 

studies have sought to clarify whether income or wealth is better suited to explaining the 

movement in the money stock MI in the United States.37 

Studies of countries other than the Uni ted States are much rarer. Aseries of studies have 

shown that for the United Kingdom the inclusion of a variable representing the influence of 

financial innovations (and, for broad monetary aggregates, of an additional wealth variable) 

can certainly lead to money demand functions with long-run stability, whereas no long-run 

relation can be established without the two variables.38 In ltaly, too, a stable long-run 

relation for the aggregate M2 was demonstrated using wealth as a variable.39 A similar 

impact of wealth appears demonstrable for Japan as well.40 

Other works have attempted to integrate wealth into an equation for the velocity of 

circulation.41 An early work in Germany related to the period of fixed exchange rates.42 

More recent analyses have been published by the Deutsche Bundesbank and the US Federal 

Reserve Bank. 43 

36 	See Stedry (1959), Bronfenbrenner and Mayer (1960), Meltzer (1963), Brunner and Meltzer (1963), 
Laidler (1966) and Chow (1966). 

37 	See Johannes and Nasseh (1985), Smith (1988) and Fields and Hall (1988). 

38 	See Hall, Henry and Wilcox (1987) and Brookes, Hall, Henry and Hoggarth (1991). Wealth was included 
in estimations of M3 and M4. 

39 	See Angelini, Hendry and Rinaldi (1994). 

40 	The estimations of Ueda (1990) appear to verify this for M2. 

41 	See Kole and Leahy (1991). 

42 	See Bergen (1970). 

43 	See Deutsche Bundesbank (1995), July Monthly Report, and Kole and Meade (1995). 
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The hypotheses presented in section 11 suggest that it is appropriate to use a log-linear 

estimation function as the starting point of the study: 

with the following partial derivatives 

Except for the two interest rates, lower-case letlers denote logarithmic values, while the 

suffix r represents real variables. Hence, with the exception of the interest rates, the 

estimated slope coefficients can be interpreted in the sense ofelasticities. 

The choice of the data requires a brief explanation. M3 was chosen as the monetary 

aggregate (M). This aggregate has been the focal point of the Bundesbank's monetary 

policy since 1988. In portfolio approaches each variable depends on the own rate of interest 

and on an alternative interest rate.44 The abbreviation jE stands for the own rate of interest 

of M3, r for a representative alternative interest rate reflecting the opportunity cost and 

hence substitution effects. A suitable measure of this is the yield on domestic bearer debt 

securities outstanding.4S On the other band, the own rate of interest is captured by an 

artificial interest rate. For this purpose the interest rates of the individual components, 

weighted by their respective shares in the aggregate, are added together. A value of zero 

was assumed for the own rate of interest of cash and sight deposits. The measure used for 

the interest rate on time deposits was the rate on fixed-term deposits with an agreed 

maturity of one to three months inclusive and an investment amount of DM 100,000 to less 

44 It is also conceivable that the exchange rate could represent a determinant of money demand. However, 
the results of corresponding analyses carried out by the Bundesbank do not iodieate that currency 
substitution effects migbt have played a major role. Consequendy, trus variable is omitted from the 
further analysis. See Deutsche Bundesbank (1995), January Monthly Report. 

45 The question of the appropriate opportunity cost variable has attracted a lot of attention, especially in US 
literature. Hafer and Jansen (1991) discuss the issue of whether short or long-term ioterest rates provide 
better results for the United States. 
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than DM 1 million. The measure chosen for savings deposits were the rates payable on 

savings deposits at three months l notice.46 

Most empirical studies usually take gross national product or gross domestic product as the 

relevant scale variable.47 In the present case Y stands for gross domestic product while 

portfolio wealth (W), as defined in the previous chapter, is used as the wealth variable. That 

stillleaves the question of the relevant price index. Essentially, the available options are 

the GDP deflator, the deflator for expenditure on goods and services and the cost-of-living 

index. Since gross domestic product is inc1uded as the transactions variable, it seems 

appropriate to use the deflator of gross domestic product in the present work. 

As mentioned in section TI, however, some more recent works have expressed serious 

doubts about the validity of the hypothesis of price homogeneity for various indices in the 

context of multivariate cointegration models.48 For this reason nominal and real 

specifications are inc1uded. Gross domestic product, the price level and the money stock 

are inc1uded in the analyses in the form of seasonally adjusted data.49 The first quarter of 

1975 to the fourth quarter of 1994 was chosen as the investigation period. It precisely 

encompasses the period during which the Bundesbank has pursued a policy of pre

announced monetary targets. West German data are used up to the second quarter of 1990 

and all-German data from the third quarter of 1990 on. 

The focus of interest from the point of view of monetary theory and monetary policy is the 

long-run behaviour after the end of the adjustment process ("steady state") as such steady 

states usually form the contents of economic models. Naturally, the short-term behaviour of 

ib46 	That gives us i Ib •(TE 1M3) + il)l' . (SP 1M3) where TE represents the time deposits, SP the savings 
deposits and iTE and iSP the corresponding interest rates. It should be mentioned, though, that the deposit 
rate payable on savings deposits probably no longer adequately reflects actual interest rates paid, given 
the growing importance of special savings schemes. 

47 	Mankiw and Summers (1986) have argued, however, that consumption expenditure constitutes a more 
relevant transaction variable than gross domestic product. A number of studies appear to have found 
corresponding dependencies for the United Kingdom, too. See Fisher and Vega (1994). 

48 	See the literature cited in section II. A more detailed description of the Johansen method used and of the 
testing procedure can be found in annex 2. 

49 	Some objections have been raised in the literature to using seasonally adjusted data rather than 
unadjusted values (and corresponding seasonal dummies). Ericsson, Hendry and Tran (1994), for 
instance. have expressed reservations about using seasonally adjusted data. 
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economic agents is relevant, too. Error correction models are the appropriate econometric 

instrument for identifying the differences between short-run dynamics and long-run 

equilibrium.50 The error correction model (EC model) was chosen not least because some 

studies have shown that these models seem to be clearly superior to other alternatives such 

as buffer-stock approaches.51 It has further been demonstrated that the EC model is 

consistent with an optimisation behaviour on the part of economic agents.52 

In selecting the econometric estimation procedure, a key role is played by the statistical 

properties of the time series. If the time series employed turn out to be integrated processes, 

conventional regression methods can lead to the problem of spurious regressions. 53 

Stationarity is usually tested by means of an Augmented Dickey-Fuller test (ADF test). In 

our case the PlUllips-Perron test (pP test) was used as weil. The table below gives the 

results of these estimations.S4 

50 	Tbe derivation of an error correction model from a general dynamic approach is sbown in annex 3. 

51 	See Museatem (1989). 

52 	See NickeIl (1985). 

53 	See Granger and Newbold (1974). 

54 	Various works have shown that autocorrelation in a time series can lead to distortions of the test level in 
the context of Dickey-Fuller tests. Tbc null hypothesis of a unit root is then not rejected often enough. 
Tbe augmented form of the Dickey-Fuller test (ADF test) therefore inc1udes lagged endogenous variables 
which take account of the possibllity of autocorrelated processes in the disturbance term. Tbe Phillips
Perron test (1988) is a modified version of the ADF test. In this case a non-parametric correction of the 
Dickey-Fuller statistics is perfonned (e.g. by using a Bartlett window). 
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Table 2: Results of the stationarity tests 

Variable Level Differences 
Inter

pretation 

Speci
fkation ADF pp 

Speci
fication ADF pp 

m 
mr 

iA 
·E1 

Y 
yr 
w 
wr 

Ip 

c, t, 0 
c, t, 0 

c, 1 
c, 1 

c, t, 3 
c, t, 0 
c, t, 2 
c, t, 2 
c, t, 4 

- 1.96 
- 1.75 
- 2.92 
- 2.23 
- 1.95 
- 1.24 
- 2.43 
- 3.18 
- 1.43 

- 1.93 
- 1.40 
- 2.93 
- 2.16 
- 1.87 
- 1.46 
- 2.84 
- 2.94 
- 1.37 

c,O 
c,O 
c,O 
c,O 
c,l 
c,O 
c,O 
c,O 
c,O 

- 8.85 
- 6.52 
- 6.12 
- 4.96 
- 5.61 
- 9.86 
- 5.87 
- 8.38 
- 11.0 

- 8.91 
- 9.74 
- 6.11 
- 4.81 
- 10.2 
- 9.86 
- 6.08 
-8.44 
- 11.1 

I (1) 
I (1) 

? 
I (1) 
I (1) 
1 (1) 
I (1) 
I (1) 
I (1) 

Note: Within the specification, the figure denotes the number of lagged endogenous 
variables, c stands for a constant, t for a time trend.55 The null hypothesis was tested using 
the critical values after MacKinnon (1991) for a significance level of five per cent, with the 
null hypothesis indicating non-stationarity. All estimations in levels apart from interest 
rates include the time trend, whereas all estimations in differences exc1ude the time trend. 

All variables show first-order integration. Thus simple differencing confirms the 

stationarity of the time series. The long-term interest rates c1early constitutes a borderline 

case.56 That is in line with the differing results in the literature. 57 It is also striking tha! 

wealth follows a 1 (1) process, for if wealth mirrors households' saving behaviour and if 

this saving is integrated of order one, a 1(2) process would also be conceivable for wealth 

interpreted in the sense of cumulative saving. 

55 Tbe hypothesis of a change in the trend pattern caused by German reunification was tested additionally 
using Perron's approach (1989). It showed no evidence of such a break. 

56 Tbe critical value for a corresponding ADF test in levels is about -2.90. 

57 Tbe findings of W~Iters (1995, page 155) support the hypothesis that (short-term) interest rates follow 
1(1) processes. Lucke (1995) takes the opposite view. 
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Economic times series are very rarely orthogonally correlated. For this reason 

multicollinearity is a relatively comrnon phenomenon in the economic context.S8 In the 

present case both a broadly parallel trend in yield rates and the simultaneous indusion of 

income and wealth could give rise to collinearity problems. The more stable the correlation 

between the corresponding variables, the harder it is to distinguish between the separate 

influences of the two variables. In the case of strict proportionality the partial influences of 

the variables cannot be estimated at all.59 In the case of imperfect multicollinearity the 

separate influences of the individual determinants cannot be estimated as precisely as in the 

case of no multicollinearity. It is worth noting in this context that in such a case the 

estimations still remain unbiased. Nor, as a rule, is the overall fit of an equation affected by 

the existence of multicollinearity. Hence no impact on the forecast quality is to be expected 

either.60 If all coefficients have the expected sign and are (individually) significant, the 

problems are likely to be fairly small anyway. 

The degree of multicollinearity between wea1th and income can be demonstrated by 

plotting the differential between (logarithmic) portfolio wea1th and (logarithmic) gross 

domestic product. 61 If the resulting time series displayed a steady upward slope along the 

inserted trend line, perfect multicollinearity would exist. The chart below shows the 

behaviour of the time series. 

58 	Gujarati (1988. page 298) observes: ''Multicollinearity is a question of degree and not of kind." To give 
just one other example: if consumption is specified as a function of income and wealth. similar problems 
arise. 

59 Expressed in technical terms. tbe coefficients cannot be derived from the estimation in this case as the 
coefficient matrix is a singular matrix. A more detailed explanation is given in annex 1. 

60 	Judge et al. (1980, page 453) emphasize that a deterioration of the quality of the forecasts only arises if 
the multicollinear variables follow a completely different pattern in the forecast period than in the 
estimation period. 

61 	This is equivalent to the logarithmic quotient of portfolio wealth and gross domestic product 
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Chart 1: Differential between portfolio wealth and gross domestic product (in logarithms) 
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Source: own ca1culations 

Clearly, the slope of the differential is not that perfectly steady. Major and protracted 

deviations from the trend line occur repeatedly. That means that the equation can be 

estimated in principle in the specification given; the only problem is to minimise the 

negative consequences outlined above. 

If multicollinearity is present, the usual recommendation is to expand the estimation 

period. In our case that would mean inc1uding the period prior to 1975. But that would 

imply using a sampie consisting of two completely different monetary policy regimes. That 

is unsatisfactory from the point of view of economic theory. Assuming a stable correlation 

between national product and wealth, some researchers deliberately choose not to explicitly 

inc1ude a wealth variable so as to reduce the multicollinearity problems. But then the 

remaining coefficient contains a combination of influences of the two variables, which is 

likewise theoretically unsatisfactory. Some studies seek to overcome this problem by 

choosing a transactions variable with a less pronounced correlation with wealth, e.g. 
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domestic demand or consumption.62 No evidence has been found so far for Germany, 

however, that a different transactions variable may have a better explanatory content. 

Portfolio models usually cope with the problem by formulating relative variables. The 

advantage of this is that the technical problems mentioned can be very much reduced, if not 

eJiminated altogether, and that the coefficients remain interpretable in terms of monetary 

theory. Such a transformation would have the following form: 

If a model contains more than two non-stationary variables, several stationary linear 

relations may exist between these variables. In the extreme case up to n-l (linearly 

independent) cointegration vectors may exist between n non-stationary variables. It is 

therefore necessary to determine in a first step the number of these long-run relations 

between the variables examined or, technically spealdng, to determine the rank: of the 

cointegration matrix. If several cointegrating relations existed but the estimations 

(erroneously) assumed only one such relation, the latter would represent a mixture of 

different cointegration vectors. Possible solutions to this problem have been proposed, for 

example, by Johansen63 and by Stock and Watson.64 The following table shows the results 

of corresponding tests according to the Johansen method. 

Given an error probability of 5 %, there is a signifIcant long-run relation in all cases 

between the money stock, the interest rate differential, gross domestic product and 

portfolio wealth. It is interesting, however, that various estimations turn out to be less 

robust.6S Furthermore, the hypothesis of price homogeneity tumed out to be rejected by the 

62 	Angelini et al. (1994. page 23) use domestic demand. whiJe Brookes et al. (1991. page 141) sometimes 
use consumption. 

63 	See Johansen (1988) and (1991). It should be pointed out that the existence of stationaty variables is not 
a precondition ofthe Johansen test as the Johansen method implicitly includes a test for stationarity. 

64 See Stock and Watson (1988). 

6S 	 In the case of the specification in real terms, in partieniar. even small changes in the length of the lag 
lead to the existence of a second cointegration relation. 
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data. It is possible, however, that these results are due more to the low power of the 

Johansen method. It therefore seems appropriate to carry out supplementary tests at a later 

stage. 

Table 3: Rank of the cointegration matrix (trace statistic) 

HO HA LR-statistic 95% 99% Interpretation of the null hypothesis 

a) ·A ·E
m,l -I ,y, W 

r=O r~1 50.1 
r=l r~2 22.7 
r=2 r~3 4.5 
r=3 r=4 0.1 

, ·A i E y' w'm ,I , , 
r=O r~1 55.8 
r=1 r~2 19.5 
r=2 r2::3 7.8 
r=3 r=4 0.1 

b) ·A
m,l ,y,W 

r=O r~1 54.9 
r=1 r~2 26.9 
r=2 r~3 9.0 
r=3 r=4 0.1 

r·A r r 
m ,I ,y ,W 

r=O r~1 72.5 
r=1 r~2 26.2 
r=2 r~3 9.7 
r=3 r=4 2.6 

47.2 
29.7 
15.4 
3.8 

47.2 
29.7 
15.4 
3.8 

47.2 
29.7 
15.4 
3.8 

47.2 
29.7 
15.4 
3.8 

54.5 
35.7 
20.0 
6.7 

54.5 
35.7 
20.0 
6.7 

54.5 
35.7 
20.0 
6.7 

54.5 
35.7 
20.0 
6.7 

rejected 
not rejected 
not rejected 
not rejected 

rejected 
not rejected 
not rejected 
not rejected 

rejected 
not rejected 
not rejected 
not rejected 

rejected 
not rejected 
not rejected 
not rejected 

1) Estimates with three dummy variables66 restricted to the dynarnics, figures rounded to 

one decimal place. 

66 	The first dummy variable has the value one in the third quarter of 1990, otherwise zero. The second 
dummy variable has the value one in the fourth quarter of 1993 and in the first quarter of 1994, whereas 
the third dummy variable assumes the value one in the fourth quarter of 1994. See Deutsche Bundesbank 
(1995), July Monthly Report. 
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The above results imply in turn that the next steps can be based on the approaches that 

were derived for the existence of exactly one cointegration relation.67 Two such 

approaches, in particular, are very popular in the literature. According to Engle and 

Granger's two-step procedure,68 the long-run relation is fIrst estimated by means of a static 

OLS regression. If the residuals of this estimation turn out to be stationary, they are 

inserted into the dynamic model in the second step. Under the null hypothesis, the OLS 

estimated fIgures in the long-run relation do not follow a normal distribution. It can be 

shown, however, that they converge relatively quickly towards their true values (so-called 

"super consistency,~.6f) Even so, considerable distortions may occur, especially in small 

sampies ("small sample bias"7'). This could result in substantial inference problems. Even 

major tests can be falsifIed as a consequence. In order to minimise or avoid the possible 

occurrence of these distortions, Stock has suggested estimating the cointegration 

parameters and the parameters of the short-run dynamies by a one-step process.71 72 Using 

Monte Carlo simulations it can then be demonstrated that the small sampie bias is much 

smaller. This result is questioned by later studies, however. They point out that the quality 

of the estimation results relles heavily on the properties of the data-generating process.73 

What is more. the simultaneity bias proves to be comparatively unproblematical if the 

determination coefficient of the long-run equation approximates to the value of one.'4 In 

the present case that condition holds for all estimations. Consequently, we can make use of 

Engle and Granger's two-step estimation procedure. That gives us the following equation: 

67 The additional assumption of exogeneity is examined below. 


68 See Engle and Granger (1987). 


69 See Stock (J987). 


70 See Banerjee et aL (1986) and Stock (1988). 


71 See Stock (1987). page 6 f. 


72 Under the null hypothesis the error com:ction term is integrated. so that the long-run coefficients are not 
normally distributed. As a rule. therefore. a Bewley transformation is used to carry out coefficient tests. 
See Hansen (1993), page 142 ff. and Banerjee et al. (1993). page 53 ff. A detailed exposition is given in 
annex 3. 

73 See Engle and Yoo (1987, 1991). 

74 See Davidson and MacKinnon (1993), page 724. 
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Eu1(L)ßm t = [ßo ·m+ßl +ß2(iA -i )+ß3y+ß4W]H
(20a) 

+u 2 (L)ß(iA -iE)t +u3(L)ßYt +u4(L)ßwt +Et 

where the term in square brackets denotes the long-run relation estimated in the first step 

and the uj(L) stand for polynomials in the lag operator L. As mentioned earlier, the 

significance of the cointegration term is assessed on the basis of the t-value of the error 

correction term.'5 In our case this yields the following results: 76 

75 	As residual-based stationarity tests have a low power owing to common factor restriction, the presence of 
cointegration has been assessed in the recent past on the basis of the t-value for the error correction term 
in the dynarnic approach. See Kremers, Ericsson and Dolado (1992). 

76 	Non-significant variables were eliminated. A comparison of the results of similar estimations with the 
corresponding values arising for an estimation up to and including the second quarter of 1990 can be 
found in Deutsche Bundesbank (1995), July Monthly Report. 
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Table 4: Estimations of error correction models 

Estimation with interest rate differential in nominal units 

,1,m, := 0.21· Am,_t +0.07· Am'_4 +(-o.16).[m,_1-0.16+0.50.(i" _iE),_1 -0.75'Y/-I -0.29.wH ]
(3.36) (1.73) (-:'-39) 

+0.16·Ay,-O.21·AY'_1 +0.56-Aw, +O.lO·Dummyl +0.01· Dummy2-o.02. Dummy3 
(2.5 \) (-3.06) (7.28) (11.3) (2.99) (-232) 

Rk2 == 0.87, SER - 0.006. AR(8) - 1.32, White - 0.80. ARCH(8) - 0.66 

Estimation with long-tenn interest rate in nominal units 

Am, = 0.2l.Am'_1 + 0.07· Am'_4 +(--O.17).[m,_1-0.l7+0.35.i",-1-0.78·YH -0.27,w,_I] 


(3.44) (1.67) (-3.56) 

+ 0.16· l1y, --0.23· I1YI-I + O. 57· I1w, + 0.10· Dummy1 + O. 01· Dummy2 --0. 02· Dummy3
(2.41) (-3.23) (7.59) (11.4) (3.02) (-2.41) 

Rk2 = 0.87, SER - 0.006, AR(8) - 1.20, White - 0.79, ARCH(8) - 0.60 

Estimation with interest rate differential in real units 

Amr\ = 0.20·Amrt-l + (--O.l4}[mrt_1+0.47+0.52·(iA _iE)I_1 -0. 73·yrl_1 -0.35.Wf

H
]


(3.3's) (-3.01) 

+0.13·Ayrt --0. 24-l1yrt-l + 0.60· I1Wft -0.16·I1Pt +0.10· Dummyl +0.Ol·Dummy2 
(1.87) (-332) (7.28) H.98) (11.2) (3.09) 

--0.02· Dummy 3 + O. 05· AmrI _ 4(-2.19) (1.20) 

Rk2 .. 0.88, SER - 0.007, AR(8) - 1.65, White - 0.83, ARCH(8) - 0.63 

Estimation with long-tenn interest rate in real units 

Amr; = 0.21·ßmr;_1 +0.05·ßmr;_4 +(-0.14)'[""'_1 +0.51 +0.31';"1-1 -0.75· yr; 1-0.34. wr. I]


(3.39) (1.14) (-3.05) -, 

+0. 12· Ayr; -0.25· AY'i_1 +0.61.Awr; -0.15·Ap, +0.10·Dummyl +0.01·Dummy2 
(1.73) (-3.45) (8.56) (-1.90) (11.3) (3.14) 

-0.02· Dummy3
(-2.27) 

Rk2 - 0.88, SER - 0.007. AR(8) - 1.50, White - 0.90, ARCH(8) - 0.57 
Rk2 - adjusted de~on coefficient, SER - standard eITOr of ti regression, AR - Bre,,-Godfrey test 
for autocorrelation, White - White's test for heteroscedasticity, ARCH - ARCH test, tbe figures in 
brackets are the t-values of the coefficients. 

77 See Breusch (1978) and Godfrey (1978). 


78 See White (1980). 


79 See Engle (1982). 
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At first the residuals display the desired properties of a Gaussian error tenno The results of 

the estimations further indicate that both income and wealth represent detenninants of 

money demand. In all cases the variables show the expected positive signs and plausible 

orders of magnitude in the long run. In addition, they are individually significant.80 The 

adjustment to this equilibrium amounts to about 15% per quarter. The interest semi

elasticity, as a measure of the opportunity cost, has the expected negative sign, although in 

both cases the value is rather small and not too significant. The upper two equations also 

show that, if wealth is included, price homogeneity may be assumed in the long run; but, as 

the lower equations show, that does not hold in the short run. More surprising is the result 

that in the estimation of the long-run money demand function the sum of income and 

wealth elasticities comes to around one - a phenomenon which, in estimations of 

production functions, is usually referred to as "constant return to scale",81 That signifies 

the property of linear homogeneity of the money stock in relation to income and wealth. In 

other words, for a given interest rate level a rise in income and wealth at the same rate will 

be accompanied by monetary growth at that rate. Finally, all dummy variables prove to be 

significant.82 

The results of cointegration tests cannot distinguish between the various possibilities of 

causal interpretation. Additional tests are needed for that. In contrast to the Johansen 

approach, in which each variable is considered to be endogenous, the Engle-Granger 

approach and the Stock approach assurne exogeneity of the right-hand variables. According 

to Engle, Hendry and Richard, three types of exogeneity can be distinguished: "weak 

exogeneity", "strong exogeneity" and "superexogeneity".83 Depending on the fonn of 

80 	This was tested by me ans of an additional Fully Modified OLS estimation which will not be further 
discussed here. 

81 This result is in line with Tobin's model (1969). The remarkable thing about this result is the fact that the 
equation can be incorporated into a portfolio approach. For if we say by way of simplification that 
m a· y +(1- a) .w, it follows that m w == a .(y - w) and hence after removing the logarithms 

M / W (X.·(Y / W). And this specification corresponds exactly to an estimation in portfolio shares. 

82 	It might be possible, particularly in the context of co integration models, to take account of the level 
effects by inserting dummy variables into the long-run relation. They proved to be insignificant, 
however. 

83 	See Engle, Hendry and Richard (1983). 
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exogeneity, it is possible to make hypothesis tests (given weak exogeneity), forecasts 

(given strong exogeneity) and simulations (given superexogeneity).84 Only in case of weak 

exogeneity is it sufficient to estimate a money demand function as a single equation. 

Otherwise a whole system of equations would have to be formulated and estimated for 

each right-hand variable. To test this hypothesis it is customary to reformulate the system 

after the changes in the right-hand variables and to test the exogeneity on the basis of the 

non-significance of the error coIRCtion term in the corresponding equations. This can be 

done, for example, using a Lagrange multiplier test. 85 If the enur correction term only 

turns out to be significant in the money demand equation but non-significant in allother 

equations, it may be concluded that adjustments to disequilibria occur by way of money 

demand. 

If such a procedure is applied to the present system, it turns out that, using the interest rate 

differential in both specifications, the adjustment coefficient of the long-run relation is 

significant in the first equation (X2 
- 12.8, Prob - 0.003 or X2 

- 12.7, Prob - 0.(04), 

although the hypothesis of non-significance must also be rejected for allother equations (X2 

= 89.9, Prob - 0.0000 or X2 
- 106.7, Prob - 0.00(0). If, on the other hand, the estimation is 

carried out with the long-term interest rate as the opportunity cost variable and in nominal 

units, the coefficient of the error COlRCtion term in the money demand equation proves to 

be significant (X2 
- 13.8, Prob - 0.00(2), whereas in allother equations it is not 

significantly different from zero <x2 
- 0.76, Prob - 0.38). A similar result is obtained in the 

case ofreal specification (X2 
- 4.16, Prob - 0.03 or X2 

- 0.12, Prob - 0.73). Tbus, it may be 

concluded that the use of the own rate of interest violates the assumption of exogeneity in 

the money demand. If, however, money demand is modelled as a function of the long-term 

interest rate, a single equation approach appears sufficient.86 Tbe estimated relation can 

then be interpreted as a money demand function, with adjustments to disequilibria 

occurring via the money demand. 

84 	The presence of superexogeneity is particularly interesting. If this property is present, Ihe model ean be 
used for simulations of monetary poliey scenarios witbout running Ihe risk tbat Ihe parameters may be 
influenced by Ihe respective monetary policy regime and hence are subject 10 Ihe Lueas critique. 

85 See Hansen (1993), page 194 ff. and also Boswijk (1994). Aeeording to Hansen (1993, page 148) an 
approximative F-test is also conceivab1e. 

86 	That also appears 10 justify tbe approach adopted by tbe Bundesbank. See Deutsche Bundesbank (l995), 
July Monthly Report, page 17-35. 
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V. Tbe significance of wealtb for tbe velocity of circulation 

One of the main findings of the error correction model was that the sum of the income and 

wealth elasticities was around one. This particular result also has implications for the trend 

in the velocity of circulation, as is demonstrated below. Our starting point for this is a 

money demand function in nominal and logarithmic form: 

And within this frarnework, the results mentioned above can be summarised as ß2 + ß3 == 1 

or ß3 == 1 - ß2' That yields: 

The logarithimic form of the quantity theory can be written as: 

(23) m = y-v 

Rearranging and simplifying the two equations leads to the following expression: 

This expression helps us to identify the two factors which lead to changes in the 

(logarithmic) velocity of circulation. The first factor are the changes in the yield rate on 

alternative assets, provided that the money demand proves to be interest-elastic (ßl :f. 0 ). 

The second contributory factor are changes in the relationship between (logarithmic) 

wealth and (logarithmic) income, as long as ß2 - the value of the (pure) income elasticity 

is different from one. 

Under these circumstances a falling trend in the velocity of circulation may be attributable 

to a lasting rise in the interest rate variable or to a persistently higher increase in wealth 

compared with income. As the chart below shows, the yield on bonds outstanding shows 

longer phases of unidirectional changes but no such trend pattern over the observation 

period as a whole. 
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Chart 2: Logarithmic velocity of circulation and yield on bonds outstanding over time 
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This suggests a dominating role for the second factor. This determinant would only have no 

explanatory content if either Oogarithmic) wealth exact1y matched Oogarithmic) income 

and/or the value of ß2 - the (pure) income elasticity - were equal to one. The results of the 

present study indicate that neither condition is given. Hence it would be necessary in 

future, too, to derive a trend growth for the velocity of circulation. Essentially, that does 

not affect the procedure for deriving the monetary target If, however, the results derived 

above are to be used for predicting the future pattern of the velocity of circulation, it would 

be necessary not only to estimate production potential but also to forecast (potential) 

portfolio wealth. 

VI. Monetary poHcy impHcations 

A policy which is based on the control of the money supply must - if it is to be more than a 

"trial and error" process - be founded on a precise knowledge of the money demand and its 

determinants. If the demand for money is based on portfolio considerations - and that 

appears to be substantiated - the influence of wealth must be taken into consideration. This 

paper has attempted to demonstrate such an influence for Germany. 

Based on a portfolio wealth definition, the inclusion of this variable led to the expected 

signs and to plausible orders of magnitude. In addition, the coefficients turned out to be 
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statistically significant. The stationary residual term indicates the existence of a long-run 

equilibrium relationship including wealth. If the results of the money demand estimations 

are integrated into a simple model for the velocity of circulation, a trend decline in the 

velocity of circulation CAv<O) occurs if wealth grows faster than gross domestic product CA 

(w-y) > 0) and the long-run income elasticity of the demand for money is less than one. 

Both conditions appear to be met for Germany. One possible reason for this could be the 

increasing significance of money as a store of value. 

The significance of wealth in the demand for money does not imply any fundamental 

change of strategy in deriving monetary targets. Nevertheless, the results of the present 

study could be taken into account in estimations of the velocity of circulation. In this sense 

it is even conceivable that the instabilities of the velocity of circulation that have been 

found by some researchers for other countries could be given a new interpretation in the 

light of our work. 
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Annexes 

Annex I: The problem of multicollinearity 

This method seeks to quantify the extent to which the variance of an estimated coefficient 

is increased by the presence of multicollinearity. A high variance-inflating factor (VIF) 

indicates that multicollinearity has indeed "inflated" the estimated variance of the 

coefficient and has thus led to a lower t-value. If, by way of illustration, we proceed from 

the case of the three-variables regression, the following holds: 

The variances of the estimated slope coefficients can be computed by the following 

fonnulas:87 

(2) 

where LX/ = L(Xj - XY and TXIX12 denotes the detennination coefficient of a regression 

of X 1 on X2. If there is no correlation between the Xi values (case of orthogonality), the 

value of the correlation coefficient is zero and the following would hold: 

(3) 

A measure of the increase in the variance due to the presence of multicollinearity can be 

obtained by calculating the ratio of the variances in the case of multicollinearity and in the 
2case of orthogonality (assuming a constant L Xj ). Then the following expression holds: 

(4) 

87 lohnston (1986), page 247 ff. and Judge et aI. (1980). page 46) ff. 
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A correlation coefficient of one shows perfect multicollinearity (VIF = 00), whereas a 

correlation coefficient of zero indicates no multicollinearity (VIF =1). A correlation 

coefficient of, say, O.9gives a VIF of 10, which means that the estimation error of the 

corresponding variable has increased ten-fold. There are no precise critical values for this 

method for assessing the empirical relevance of multicollinearity; a fairly major role is 

played by the number of independent variables. Whereas some authors give a value of five, 

others prefer a value of ten, especially if there are more than just two right-hand variables. 
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Annex 2: The Johansen method 

The starting point of the Johansen approach is a vector-autoregressive system with the 

following form:88 

with t=I,2 ... T 

where X, is a vector with p variables and E, is a (p xl) vector of disturbance terms. The 

ll; are (p x p) coefficient matrices. It is moreover assumed that E has the property of a 

Gaussian error term. To complete the picture it should be pointed out that the above 

equation can be expanded at any time by a vector containing constant terms. It would then 

read as folIows: 

As most economic time series are integrated of order one, this annex is restricted to (non

stationary) first-order processes.89 By way of such processes the vector x, from equation 

(1) can be represented in the following general error correction form: 

where f j =-1 +lll + ... +ll; with i=l...k-l and ll=-(I-ll,-... lll)' The matrix II is of 

special importance. for the rank r of this matrix corresponds exactly to the number of linear 

and independent cointegration relations among the variables which vector Xi contains. If the 

rank turns out to be zero (case 1) this results exactly in the standard model of a vector 

autoregression in first differences without an error correction term. On the other hand. if 

the matrix has full rank (case 2), all variables in vector Xi are already stationary in the level. 

Then the estimation has to be performed in levels. It is also possible, however, that the rank 

of a matrix assumes a value between zero and the full rank (case 3, O<r<p). It is therefore 

important to determine this rank and hence the number of cointegration relations. If it is 

assumed that the matrix has the rank r whereas the tull rank would be p. this implies that in 

88 See Johansen (1988), Johansen (1991), Johansen (1992), Johansen and JuseJius (1990) and Johansen and 
Juselius (199]). 

89 Second-order non-stationary proccsses are dealt witb in Johansen (1992). 
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this case p-r linear non-stationary relations and r linear and stationary relations exist. II is 

now partitioned into two (pxr) matrices a. and ß, such that: 

(3) ll=a.ß' 


The aforementioned relation now reads: 


where a. is the loading matrix and ß the cointegration matrix. Both matrices have the rank 

r. The first r lines of ß give the r different cointegration vectors, whereas the elements of a. 

give the loads of the various cointegration vectors in the individual equations and so 

indicate the velocity of adjustment to equilibrium. As the two matrices a. und ß have the 

same rank as the original matrix ll, it suffices thereafter to test the matrix ß. 

Johansen has proposed two likelihood ratio tests by means of which the rank of the 

cointegration matrix can be tested.90 Both procedures test the null hypothesis of the 

existence of q or fewer cointegration vectors (r ~ q) against a special fOlm of the 

alternative hypothesis.91 If the test statistic exceeds the critical values, the null hypothesis 

is rejected. 

The first, so called "trace test" tests the null hypothesis that a maximum of r (i.e. r or 

fewer) different cointegration vectors exist: 

P A 

(5) Q(Trace)=T I In(1-AJ 
i~T+l 

A A 

where the eigenvalues Ap ••• Ar+! are the least-squares canonical correlations between the 

level residuals R tt and the residuals in the first difference ROt' The latter are determined by 

regressing the variables vector both in the level x and in the first differences !J. x on the t - k t 

lagged differences of the vector !J. X t_ 1 ••• !J. Xt-k+l' The number of significant correlations 

then corresponds to the number of cointegration relations. 

90 Details can be found in Johansen (1988, 1991) and Johansen and Juselius (1990). 

91 See Sauer (1992), page 344. 
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The second, so-called Amu -test ("maximum eigenvalue statistic'') tests the hypothesis of a 

maximum of r cointegration vectors against the alternative of r+ 1 cointegration vectors. 

A 

(6) Q(Amu )=Tln(1-Ä.,+,) 

Johansen has shown that the two tests do not follow a standard distribution under the null 

hypothesis. However, in Johansen (1988), Johansen and Juselius (1990), and Osterwald

Lenum (1992) critical values were calculated using Monte Carlo simulations. 

The assumption of price homogeneity can likewise be tested using the Johansen method. 

First of all the number of cointegration vectors is detennined. It can then be examined 

whether the estimated elasticities correspond to their theoretical values. That is done by 

nonnalising the coefficients to the money stock figures. Subsequently hypothesis tests can 

be carried out by first imposing restrietions on the cointegration vector which are then 

tested in the following step. The test statistic then follows a chi-square distribution with 

r . s degrees of freedom, where r stands for the number of cointegration vectors and s for 

the number of restrietions imposed. 
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Annex 3: The derivation of the error correction model and of the modified error correction 

model 

The starting point is a general dynamic model between two variables. Let the following be 

the general form: 92 

This model contains a number of special cases which can be achieved by setting parameter 

restrictions ("nested model"). It results, for example, in 

a) the statk regression model, if 0,1 =0, ßI =0 

b) the partial adjustment model, if ßI = 0 

c) the differences model, if 0,1 =1,ßl =-ßo 

A common transformation of this model is the error correction model. If the left-hand 

variable, lagged by one period, is substracted from both sides, we obtain: 

and hence 

or 

as 10,1 < 11 holds; 

and as lall <1 it follows that (al -1) must be negative for an adjustment to occur. The 

adjustment takes the form that Yt moves towards the long-run equilibrium. The closer 

(al -1) to the value of one, the more rapid is the adjustment. Furthermore, it seems quite 

obvious that in the long-run equilibrium in which all rates of change can be set to zero 

("steady state"), the error correction model can be reduced exactly to the cointegration 

relationship. 

92 See Hansen (1993), p. 142 ff. 
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To derive the standard deviations and t-tests of the coefficients of the long-run relationship, 

it is advisable to use the Bewley transfonnation. To this end, we start off again with the 

equation: 

(1) YI =0.0 +0.1 - Y,_I +ßo -x, +ßI -X'_I +E, 

we subtract fIrst aly" then ßOxH and fInally divide by (I-al)' lbat gives us: 

0.0 a J ( ) ßo ( ) (ßl+ßO) E,(6) Y =-----. Y -y +--. x -x + ·X +-- or 
I 1-0. 1 - 0. ' H 1-0. I 1_0. ,-I 1- N
1-1 


I I I I ..... 


0.0 a. ßo A_ (ßI +ßo) E,(7) Y =-----·Av +--'.u.A + ·X +-
I 1 'J, I 1 '-1 I
1-0.. -0.. -al I -al -al 

However - as the equation (1) shows - Ay, is correlated with the error tenn, and hence the 

method of ordinary least squares leads to inconsistent results, therefore equation (7) has to 

be estimated by means ofthe instrumental variables approach.93 

93 See Wickens und Breusch (1988) and also Banerjee (1993). 
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