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Summary

The a<t price dannel focusses on the relative prices of a wide range of assts in the
transmisson d monetary impulses on the financia and red capital markets. If monetary
impulses are dready fading on the financial markets, then their effedivenessin terms of
eonamic palicy targets has to be questioned. A missng tendency towards a long-run
equilibrium relationship in the observable yield rates on the financia markets is often
atributed to nonstationary risk premiums underlying the financial asts. In this paper a
cointegration model for the risk-adjusted yields of the money market, market for bank credit
and the caital market is developed for the monetary padlicy regime of a money suppy target
in the Federal Repulic of Germany for the period 1980- 1998.Furthermore, it is also shown
that on the basis of the transmisson model we mnsider, the stock market does nat integrate
consistently into the aintegration system of the other of the financial markets.

Zusammenfasaung

Der Asst-PriceKana stellt die relativen Preise @nes breiten Spektrums von Vermo-
genswerten bei der Fortpflanzung monetérer Impulse auf den Finanz- und Redkapitalmérkten
in den Fokus des Interesses. Wenn de monetéren Impulse bereits auf den Finanzmaérkten zu
versickern drohen, ist ihre Wirksamkeit auf wirtschaftspaliti sche ZielgroRen ganzlich in Frage
zu selen. Eine fehlende Tendenz zu ener langfristigen Gleichgewichtsbeziehung
beobadtbarer Ertragssitize af den Finanzmarkten wird héufig auf nichtstationdre
Risikopréamien der zugrunce liegenden Finanztitel zurtickgefuhrt. In deser Arbeit wird fir
den Zeitraum 19801998 ds geldpditischen Regimes eines Geldmengenziels in der
Bundesrepublik Deutschland ein Kointegrationsmodell fur die risikoadjustierten Ertragssitze
des Geldmarktes, Marktes fur Bankkredite und des Kapitalmarkts entwickelt. Auf¥erdem wird
herausgeabeitet, dass $ch der Aktienmarkt auf der Basis des von urs betrachteten
Transmissonsmodell s nicht konsistent in das Kointegrationss/stem der Gbrigen Finanzmérkte
integrieren lasg.

" | would like to thank Christian Dreger and Martin Bohl for their helpful comments.



1. Introduction

It is common in maaoemnamic theory to procead from a single rate of interest representative
of the eonamy, which can be influenced by monetary podicy as an argument of the
investment function. Even if the central bank is, hovever, able to stee the money market,
this does not necessarily mean that there will be dealy predictable cnsequences for the
interest rates for bank loans or the caital market, uponwhich capital costs dedsively depend.
The ladk of atendency towards a long-run equili brium relationship between the interest rates
is often traced badk to nonstationary fadors in the risk premiums®. As far as interest on bank
loans is concerned, the lending view® stresses that market imperfedions can emerge due to
asymmetricd information, which could equally hinder the establi shment of a financial market
equilibrium. However, the transmisson theory underlying the asset price dannel® in noway
suppases the existence of an equili brium relationship between the raw yields of assts. The
starting point is rather a cmprehensive definition o yield rates, espedally the various risks
the as<ts include. The bank credit market, which cdls for spedal attention in the lending
view and is of particular importancein continental Europe® insofar as its geda placein the
financing of enterprises, is aways explicitly considered in monetarist transmissons theory®.
Even the Neo-Keynesian transmissons theory always adknowledges the relevance of this
market’. Differences of opinion between the representatives of the lending view and
suppaters of the monetarist transmissions mechanism of relative prices are, hovever, merely
due to the dfeds of imperfedions®.

If one expands the system of financial markets consisting of the money market, the market for
bank credit and the caital market, explicitly to include the stock market, the interface
between the financia and goods gheres of the eonamy comes to be the focus of interest. If
monetary impulses read the stock market, they affed the red sphere of the e@namy insofar
as they can bring abou changes in the price of existing red capital. In maaoecmnamic
theories of monetary effeds this is often seen as asigna for changes in the eonamy in terms
of econamic adivity, since this results in a shift in the relative prices for red capital and the

! Due to the institutional framework in the Federal Republic of Germany, the ility to control the money market
throughthe Bundesbark is, to alarge degreg taken as given for our period o reseach. See eg. Kéhler (1982,
p. 96; Jander (1986, pp. 53; Gleske (1994, pp. 293 Nautz (2000, pp. 45. Despite afew differences in the
configuration of monetary policy instruments, the brief period o responsibility for monetary padlicy so far
enjoyed by the European Central Bank (ECB) in the European Union has own that the aility to control the
money market has remained. SeeNautz (2000, pp. 32

2 SeeEvans and Lewis (1994); Tzavalis and Wickens (1997); Wolters (1998; Nautz and Wolters (1999

% In the new literature on the monetary transmisson mechanism different “channels’ or “views’ are mmpared.
In his introductory contribution to a symposium on the monetary transmisdon mechanism, Mishkin (1995
distinguishes between an interest channel, exchange rate channel, other asset price effeds and a aedit channel
(lending channel and balance shee channel).

4 Under as=t price dannel, following on Mishkin's (Mishkin, 1995 p.3) “other aswt price dfeds’ we
understand a monetary transmisson mechanism of the st yield rates that includes a wide spedrum of assets.
Espedally subsumed here ae the monetarist and Neo-Keynesian transmisson mechanisms, to which this paper
refers. The designation “asset theoreticd transmisson approadh” is used by Duwendag et a. (1999 pp. 195
explicitly for these transmisson channel of monetary impulses, whilst Bofinger, Reischle and Schacdher (1996
pp. 554) use the not unproblematic designation “interest structure theoreticd transmisson process'.

® SeeBofinger, Reischle and Schacher (1996 pp. 560.

® Brunrer and Metzler (19723); Brunrer and Metzler (1972h 1974).

"Tobin (1969 1974; Tohin (1979.

8 Metzler (1995, pp. 64: Neumann (1995, pp. 138 Jarchow (1998 pp. 233) subsumed the aedit channel under
the transmisgon mechanism of relative prices, insofar as it was all otted the role of amplifier.



prodiction o new (investment) goods’. A propagation o the impulses, however, requires a
sufficiently stable ejuili brium between the financial markets; otherwise there would be the
danger that it would peter out in the financial sedor of the e@namy. Short-run dsequili bria,
however, do nd leal to an inefficient monetary padlicy if the tendencies toward a state of
equilibrium are dfedive. A prerequisite in this case is a mintegration d the financial
markets, through which such a steady state can be established™®. Due to the various risks,
however, such an equili brium canna refer to the raw yields of the financial assets. As aresult
an eonametric analysis of the dfedivenessof the et price dhannel has to be cnreded to
asuitable ancept of risk adjustment.

The first step in the eonametric study of monetary padlicy transmisson medanisms was to
attempt to verify liquidity, income and price dfeds, where necessary, acarding to Irving
Fisher's price epedation effed and in this resped to quentify their length*’. This was
followed by intensive causdlity tests using the national product and the money supdy
acording to the Granger approadh. These tests leal to dfferent results depending on money
suppydefinition, adjustment procedures and the time period d the study. A striking feaure
here were the frequent feedbadk-relations that can be seen in the cae of a Granger causality
of the money suppy*2 Indeed, it emerged that the vedor autoregressve model of the Granger
causality test is falsely spedfied if there is a long-run equilibrium between the variables
analysed, which they tend bad to after short-run dsturbances™®. Within a study whether the
process of the transmisson d monetary impulses has changed in seleded courtries of the
European Union (EU) as a result of deregulation, Juselius (1999 applied the wintegration
tedhnique in an ecnametric anaysis. Juselius study is attributable to the money view
(interest channel), in that the author analyses the monetary transmisgon in an expanded 1S-
LM model, in which a difference is made between money market and cgpital market interest
rates™®. Furthermore, Gottschalk (1999 conducted reseach into the transmisson mechanism
in the first member states of the European Monetary Union (EMU) on the basis of a money
demand system, with the ad dof cointegration techniques.

The am of this paper is to confront the asset price dannel with the redity on the financial
markets during the timeframe of a Bundesbark money suppy target, using cointegrations
techniques. The eistence of a long-run equilibrium and the short-run dynamics of the
financial markets will be analysed using a financial market model consisting of the money
market, market for bank credit and the caital market. In addition, the extent to which the
stock market can be integrated as a market for red capital will be examined, too. Insofar as
the financial market equili brium is established through the risk-adjusted yield rates, it is
necessry to extrad the spedfic risks of the as<ts beforehand. The theoreticd basis of the
cointegration analysis, with which the @t price dannel, up to the interface between the
financial and red spheres of the eonamy, can be tracel, is outlined ou in sedion two. In
sedion three the risk adjustment of the financial yields is diown by means of time series

® Tobin's q hypothesis draws edal attention to this connedion, in that it takes the q relation from the relation
of the market value of existing red capital to the st of replacanent as an aduator for expansive (g>1) and
contradive (g<1) effeds.

' The mncept of cointegration refers to work by Granger (1986 and Enge ad Granger (1987, which is closely
conneded to the problems of “spurious regresson” (Granger and Newbold, 1974). An operational framework
of a multivariate aintegration analysis based on the Likelihood pinciple, has been developed by Johansen
(1988 1995.

™ An outline of the test results can be found in Hill mer (1993, pp. 230.

12 seeHill mer, (1993, pp. 238

13 seeWolters, (1999, p. 151

14 Juselius (1999, pp. 192 Bofinger, Reischle and Schédher (1996 pp. 558) define the money view, relating to

Kashyap and Stein (1994), as atransmisson processwithout any credit theoreticd basis.



eonametricaly based GARCH models, which conred with the verificaion d stationary
properties. The wintegration d the financial markets will be examined in sedions four and
five, bah with and withou the inclusion d the stock market. Finally, the paper concludes
with asummary of the main findings of the study.

2. A macroeconomic model of the asset price dhannel

The &<t price diannd alows for an interpretation d the theory of relative prices from a
monetarist as well as Neo-Keynesian perspedive. Both variations of the aset theoreticd
transmisson mechanism draw on substitution relationships between financial and red stocks
that can convey monetary impulses to the goods ®dor of an ecnomy™. Substitution effeds
occur through changes in the relative yields of assts, through which the structure of an
optimal portfolio can be destroyed. Monetary poicy measures generaly bring abou
additional wedth effeds, which can equally cause the e@namic agents to restructure their
portfolios. Since our study is not concerned with the problematic of the adility to dff erentiate
between the two variations of the @nsidered transmisson mechanism, bu rather the
effedivenessof the processof relative prices on the financial markets in general, it is suitable
to start from a general model that can subsequently be ill uminated regarding its testabilit y.

The maaoemnanic transmisson model from Thieme and Vollmer'® provides a good kesic
framework for the asst price dannel. The short outline of the transmisson model in a
dightly modified form, shows the eonamic foundtion d our ewmnametricdly based
financial market analysis. In arder to make the supdy and demand relations transparent, the
eonamy is divided in m sedors, which, with m=4, can be identified with commercia banks,
the central bank, the pulic (househdds and enterprises) and the government. The as<ts of
sedor | are comprised of money Mj, bond Bj and stocks (existing red capital) Aj, which
stand against liabiliti es in the form of credits Kjv. If we relate the money suppgy, the value of
bonds and credits to the output price level P, and stock capital to the price level of existing
red capital, Px, we get, with q= PwP'®, the red wedth o sedor j:

G K B
W = _+—+—+qDA]._
P P P
Under the objedive of utility maximisation d total wedth the demand for a financial asst
depends, given at least partialy substitutable cmporents, ontheyield ratesrc , rk , rs andra,
the wedth w; and the preferences u,. Herein the wedth w; embodes the budget restriction o

15 Differences between the two asst theoreticd transmisson mechanisms lie, amongst other, in that Tobin's
portfolio theory suppats a complimentary relationship between financial and red capital (Tobin, 1978 pp.),
wheress the imperfed substitution relationships between the &%t in the monetarist theory are seen as
extremely differentiated. So e.g. Brunrer (197Q 1971 conjedures that at a low level of interest rates money
and bands are dose substitutes, althoughat a high interest rate level the substitution relationship between bonds
and red capital has alarger weight (seeNeuman, 1995 p. 138).

® Thieme and Vollmer (1987, pp. 82. See &so Brunrer (1970; Brunrer and Meltzer (1976 Tohin (198Q
1982.

" We onsider credits in acmrdance to the other financial assets from the view of the lender. Deposits of the
public in the banking sedor are not explicitly quoted; they are subsumed under the financial assst money in the
form of demand deposits.

18 The ratio of the price level of the eisting and newly produced red capital can be interpreted as Tobin's g,
insofar as it fits with the relation from the market price of the available caital equipment and its reproduction
costs. See Jarchow (1999 pp. 253 Kath (1999, p. 208 and pp 217. Here it should be pointed out that this
relation is not only to be found in the Neo-Keynesian transmisson theory, but plays an equally dedsive role in
the monetarist transmisdon mecdhanism. See Brunrer and Meltzer (1974, pp. 242, Mishkin (1995, p. 4;
Neumann (1995, p. 140,



the jth sedor. It is important to ensure that the yields of the asst are comprehensively
defined. Whilst they include transadion and information costs, acording to the monetarist
view, the Neo-Keynesian patfolio theory sees gedfic risk premiums involved'®. Using the
excessdemand functions

m’]j = de (rGa rKy rBy rAy VVJ)! k]j = k]j (rGy rK! rB! rA! W])

d _ |,d d — 4d
bj = bj (re, Ik, e, Ta, Wp),und &, = &, (rg, rk, e, Ma, W)

i ? i F i ?] Undq qlAJ,

in which the preference variable is taken as given and, therefore, eliminated, allows the
portfolio equili brium condtionsto be expressed in the foll owing form:

(2.9) Z:m? =0, Zik,.“:o, Z:b;‘ = ound Z:a;‘ =

According to (2.1) the equili brium of financial markets is establi shed if the excessdemands
for the mnsidered assts disappea.?® Whether the state of equili brium is stable or unstable
depends crucially onthe mnstellation o the mode! variables.?

Substitution and wedth effeds can be made transparent through the partial derivatives of the
excessdemand functions to yield rates r;, I=M,K,B,A. The substitution effed manifests itself
in arestructuring of the portfolio due to a dhange in the yield rates ry, rk, rg and/or rp of the
considered financial assets money, bank loans, bond and stocks. Seen as a whale the sum of
the dhanges in demand dte to changes in the yield rates must be zero for the eonamy as a
whale,

om’ akd ab.“ da’
2.2 J Ly=0,
( )Z( M )

insofar as the total wedth remains unchanged. In contrast, the wedth effed can be presented
inthe form

om’ akd !  da
(2.3) Z( + +
aw, aw v, dw,

)=1,
which simply means that the assets and li abiliti es coll eively have to absorb all changesin
the wedth.

In a stable state of equili brium all stocks have to remain constant, which has the mnsequence
that for the given pricerelations

Y9 Brunrer und Meltzer (1974, pp. 237 Tobin (1978, pp. 50; Thieme und Vollmer (1987, p. 84; Duwendag et
al. (1999, pp. 192, pp. 197. and pp 210.

% Hereit isimportant to note that acarding to the Walras' law, an equili brium in threefinancial marketsimplies
an equili brium in the fourth market.

! See Thieme and Vollmer (1987, p. 86. A state of equili brium is unstable if it occurs in an urbalanced
government’s budget. See eg. Ott and Ott (1965 and Christ (1968.



2ADrg=rc=rg=ra

the markets are deared in the long run?? A soundecnamic interpretation o the equili brium
relationship concerning the aset’s prices is only possble if one beas in mind that the yield
rates rg, g, I's and ra are not diredly observable variables. On the contrary, observed yield
rates will be dfeded by asst spedfic transadion costs (information and change sts) or
risks (e.g. urcertainties regarding expeded yield flows)?®. An ecnametric test of the @t
price dianndl, therefore, requires an operationdisation d the yield rates underlying it. If we
can asume that the information costs have apositive arrelation with the degreeof risk of an
as=t®® and costs of change dways include the price risks™, the focus on the risk asped is
justified from the perspedive of both asset theoretica transmisson mecdhanisms. It therefore
follows, that the eguili brium relationship (2.4) can orly be valid for the risk-adjusted yield
rates of the financial assets. The risk premiums in the observed yield rates will have to be
cgptured by objed spedfic andtime-varying risk models.

3. Risk adjustment and stationary properties of theyield rates

Whether a long-run equili brium can exist on the financial markets depends deasively on the
degreeof integration d the variables that determine the equili brium relationship. The markets
can be wmintegrated if the representative variables possess the same degree of integration.
Even in the cae of differing degrees of integration cointegration is nevertheless possble,
provided certain conditions are met.?° A study of a financial market equili brium has to start by
determining the degrees of integration, for which the expanded Dickey-Fuller test (ADF
test)?’ can be gplied. In order to provide amore reliable judgement in cases of doult we
supdement with the Philli ps-Perron test (PPtest)?.

An econametric test of the dficiency of the aset price dannd could take placeimmediately
onthe basis of the observed yield rates if the asumption that their risk premiums are @nstant
would be justified. Evidence of the existence of nonstationary risk premiums in long-run
interest rates is, however, provided by e.g. Wolters (1998 and Wolters and Nautz (1999.
Distinctive patterns of time-varying risk premiums on the stock market have been worked ou
by e.g. Kosfeld and Robé (2001). We have to redon with the fad that alternative as<ts can
embody different time-varying risks, which means that the eguili brium relationship (2.4) of
the as<t theoreticd transmisson medanism is only valid for the risk-adjusted yield rates. For
a mintegration analysis, therefore, it is important to determine the risk premiums of the
financial assts that have to be diminated from the observed yield rates. If we can asaume a
multiplicative mnredion ketween the risk and expeded yield of an as=t®® the vyield

2 See Thieme and Vollmer (1987), pp. 86. Generally spesking the steady state muld be established if al the
stocks grew at the same rate (Thieme and Vollmer, 1987, p. 86). Duwendag et a. (1999 pp. 201) developin a
verbal-argumentative manner an equili brium relationship of the st theoreticd transmisson mecdhanism that
is comparable with equation (2.4).

% Thieme and Vollmer (1987, p. 84.

4 The mnnedion between information costs and the degree of uncertainty is emphasised by e.g. Meltzer (1995
p. 50) in the propagation of a rule-based monetary palicy.

> Duwendag et al. (1999, p. 206

%6 |n particular at least two variables must possess the maximum degree of integration. See eg. Charemza ad
Dealman (1992, pp. 147, Eckey, Kosfeld and Dreger (1999, pp. 212

%" Dickey and fuller (1979 1981).

28 philli ps and Perron (1988.

29 For a diff erentiation between multipli cative and additive risksin assts ®e eg. Kosfeld and Robé (2007).



generating process can be gproximated by an ARIMA-GARCH model within a time series
emnametric scheme®. Whil st the ARIMA(p,d,d model

p qJ
BDr, =0+ ;gohrt_h + Zjekut_k,eo =1

portrays the condtional average process the wndtiona varianceis provided by the GARCH
(p,0) model

q p
2 _ 2
(3.2 O =0, + hZahuj,t—h + Z Bkaj,t—k
=1 =1

Insofar as the condtional variances embody the time-varying risks of the financial assts, it is
posshle to undertake arisk adjustment in the imputed yield-risk conredion d the observed

yield rates by relating them to the roots of the cnditional variances aft ;

' r.
@3) rit =L

O

The quantities r ¥ can be interpreted as risk adjusted yield rates which establish a long-run

financia market equilibrium in the sense of the a&st price danne if a wintegration
relationship exists.

The financia markets included in the eonametric analysis are represented through the yields
in the money, credit, capital and stock market. The money market is, in this case, a narrowly
defined market in which commercia banks as adors supdy and demand short-term liquidity.
This alows for the use of the FIBOR (Franfurt interbank dffered rate) as a proxy for the
money market interest rate®. The yields on government bonds rves to represent the capital
market interest rate,*” whil st the interest on credit can be operationali sed®® through the interest
rate on current acourt credit with a medium volume (DM 1 — 5 million). Finally, stock
market returns in the form of yield onthe shares in existing red cepital, are taken from the
DAFOX (German stock index for reseach puposes), the properties of which provide
advantages compared to ather stock indices™.

0 Engle (1982; Bollerslev (1986. See &so e.g. Franses (1998, pp. 115 Kosfeld and Robé (2001).

31 See Gutthoff (1993, p. 318 The inclusion of the money market in this limited form is justified from two
perspedives. For one thing, the interbank interest rate culd serve & a proxy variable for the non-peauniary
yields of money holding. For another, the money market rate, throughthe central bank control of the short-term
interest rate, could be used asthe first link in the chain of the transmisson mecdhanism.

32 Alternatively, the returns on bonds could be acertained on the basis of the German bond index (REX). Here it
is asauumed that for an ador on the caital market the yields of governments bonds outstanding is the main point
of interest. It is cdculated for beaer debt seaurities with a minimum residual maturity of more than threeyeas.
SeeDeutsche Bundesbank (1988, p. 226.

% The data basis for the interest rate series is the “ Statistische Teile” of diverse issues of the periodicd “Monats-
berichte der Deutschen Bundesbank”.

34 See Gopp and Schittz (1992, pp. 7. The DAFOX series is taken from the Financial Market Databank of the
Ingtitute of Dedsion Theory and Operations Reseach of the University of Karlsruhe.



The period d reseach is limited to 1980— 1998in consideration d monetary palicy target
setting. The Bundesbark has provided an arientation framework in the form of a money
suppy target since the middle of the 1970s.>® Although in the beginning stages a particular
point value was targeted, since the end d the 1970s the target formulation has been in the
form of a “target funrel”. At the beginning of 1999, resporsibility for monetary palicy passed
from the EU courtries to the European Central Bank (ECB), which is the reason for the
termination d the research. Using monthly data it is possble to cdculate the prerequisites for
stochastic convergence citeria. Furthermore, this also alows for an adequate inclusion d the
short-run dynamics of the adjustment process

Table 3.1 shows that the observed interest rates in the money, credit and capital markets are
nonstationary. Both unit roct tests (ADF and PP tests) indicae that the yields of the assts
traded on these markets follow a I(1) process Against this, the stationary properties of the
stock market returns are more difficult to judge. In this case the residuals of the ADF test
model display the white noise properties only from alag of 12 up.The null hypothesis of a
unit root must then be reeded at a significance level of 10%. Although the significance is
more dealy shown onthe basis of the PPtest, considering the magnitude of the test statistics,
onthe whadle the stationarity of the stock market returns provesto be statisticaly we&k.

Table 3.1 ADF and PPtests of the observed yield rates

ADF test® PP test®
Vaiables | ADFstat.  Max.  ADFdtat.  Max. PPstat.  PPStat.
for rj; lag k° for Ary lag k" for 1 for Ar,®
M -1.588 3 -6.021* 2 -1.288  -12.252%
e 1572 3 -5.907* 2 “1.445 -11.279%
e -1.059 2 -10.084* 1 0.945 -9.179%
A -2.784%) 12 -6.315* 11 -3.440* -15.651*

Explanation:

a The unit root tests for yield rates were caried out using a model with a @nstant and no trends, whereas for
differences a model without constant and without trends was used.

b Included lags of temporally delayed endogenous variables in the test equation (3.2), for which none of the
cdculated Q-statistics are significant; Godfrey’s LM test is used as a control instrument here.

¢ The PPtatistics result with atruncaion lag of 4 of the Newey-West-corredion.

** 19 significancelevel, * 5% significancelevel, (*) 10% significancelevel.

The mean processof the first diff erences of the interest rates can be gproximated onthe basis
of the portmanteau test from Ljung and Box, in conredion with the LM test from Godfrey
and the Bayesian information criterion through ARIMA(4,1,3 and ARIMA(4,1,4 models,
respedively. In contrast, the first order autoregressve parameter of an ARIMA(12,1,19
model for the stock market returns would lie dose to ore. In this way the ARMA(12, 12
model empiricdly crystallises as a data generating process of the stock market returns. In
order to dojusticeto the principle of parsimony, with the exception d the intercept only the
significant lag variables are taken into consideration in the model estimation (seeTable 3.2).
The vdidity of the yield rates in al four financial markets can be acetained using
GARCH(1,1) models, whereby the influence of the lagged condtional varianceis, in the latter
case, withou significance and hence suppressed.

% See eg. Ising (1992, pp. 255



The risk-adjusted yield rates can be determined onthe basis of volatility estimates provided
by the data generating models. These take the function d proxy variables of the quantities
which establish a steady state within the &%t theoreticd transmisson mechanism.

Tab. 3.2 ARIMA-GARCH models of the yield rates on the financial markets

Vari- ARIMA model? GARCH model Overall statistics’
ables

ARIMA(4,1,3 GARCH(1,1) R?=0,1003
Morey |d =-0,03985 0o =0,00235 DW =2,1276
market | @ = 0,24951** a; =0,15026* BIC =-2,4309
e @= 0,20723*  |B;=0,80319* F=4,0140*

0. = 0,20104**

ARIMA(4,1,4 GARCH(1,1) R?=0,1914

0=-0,00771 0o =0,00103 DW =1,6950
Lending |@;= 0,18361** a; = 0,05973** BIC =-3,0209
rate @ = 0,66879** B1=0,91575* F=7,2708**

0. = 0,27009**

0, =-0,54320**

ARIMA(4,1,4 GARCH(1,1) R?=0,2076
Yieldson|d =-0,02406 0o =0,00846 DW =1,8271
bonds @ = 0,37836** a; = 0,05366 BIC =-2,9874

@ = -0,24879* B1=0,74848* F=9,4312**

0, = 0,32358

ARIMA(12,1,13 |ARCH(2) R?=0,3803

0 = 0,29861** 0o =19,62805** Dw =2,1017

@ = 0,23650** a; = 0,52794** BIC =3,9814
Stock @ =-0,18536* F=125179**
market @ = 0,39014*
returns @ = -0,24838**

0 =-0,32912**

B8s =-0,12312*

Bg =-0,43250**

01, =-0,49488**

Explanation:

a For the purpose of defining the parameters parsimonicdly, the ARIMA(p,d,q) models are dways estimated

using significant lag variables

b The quality measures relate to the respedive filtered variables (eliminating the stochastic trends through

formation of first differences).
** 19 significancelevel, * 5% significancelevel.

R? Determinations coefficient, DW: Durbin-Watson statistic, BIC: Bayesian information criterion, F: F statistic
(test of the overall relationship)

Since the proxy variables are to be analysed in terms of a wintegration relationship, it is their
degreeof integration which is of primary relevance The test results (seeTab. 3.3 show that a
stochastic trend can be aumed for the three risk-adjusted interest rates. Following the
elimination d the risk premium, however, stock market returns exhibit the properties of an
[(0) variable. It is by no means possble, thowgh, to draw any conclusions from this as to haw
far monetary impulses could encourter restraints in the transfer from the financial to the red
sphere of an econamy, before the market for new to be produced goods has been taken into
acount. Despite the different charaderistics of the risk-adjusted yield rates, it depends



entirely upon the @nredions between the risk-adjusted yield rates of the first three
maaomarkets, as to whether a wintegration d only these financial markets can exist, or in all
four considered maaomarkets.

Table 3.3 ADF and PPtests of the risk-adjusted yield rates

ADF test® PP test®

Variables | ADF stat. Max. AD stat. Max. PPstat. PPstat.

for ry lag k° for Ar lag k° for r® for Ar®
'm -2.409 0 -13.643** 0 -2.294  -13.799**
Ik -2.158 4 -4.633** 3 -2.357  -10.984**
I's -1.006 2 -12.860** 1 -1.095  -16.232**
ra -3.108* 6 -6.820** 5 -4.223**  -17.911**

Explanation:

a The unit root tests for yield rates were caried out using a model with a constant and no trend, whereas for
differences amodel without constant and without trend was used.

b Included lags of temporally delayed endogenous variables in the test equation (3.2), for which none of the
cdculated Q-statistics are significant; Godfrey’s LM test is used as a control instrument here.

¢ The PPdtatistics results with atruncaion lag of 4 of the Newey-West corredion.

** 19 significancelevel, * 5% significancelevel, (*) 10% significancelevel.

4. Cointegration in the financial market model without the stock market

A state of equilibrium of the financia markets is a fiction that provides an appropriate
reference in a theoreticd anaysis. In redity, however, ore state of equili brium in the a&ssts
market passes constantly to ancther withou a steady state ever being readied. Nevertheless
an eonametric analysis can investigate whether a stable relationship of the yields on the
financial markets exists beyond all adjustment processes, which could be interpreted as a
long-run equili brium. Knowledge of the eistence of a stealy state is nat alone the relevant
point for monetary and debt pdlicy, rather the dficiency depends on whether there ae forces
that drive the system towards equili brium in the cae of short-run deviations. In the instance
of a divergence, the empiricd foundation d the asst price dannel has to be brought into
guestion.

Traditional econametric methods are not adequate to cope with this problem. With non
stationary variables, the problem of spurious regresson arises, which makes it appea
guestionable & to whether a “true” relationship between the risk-adjusted yield rates can be
concluded from a least-squares estimation. Moreover, the short-run dynamics would be fully
negleded. In the a hac use of a vedor autoregressve model, however, the relationship
between the long-run state of equili brium and the short-run dynamic is not considered. The
cointegration technique ams to methodcdly conrea both aspeds with ore ancther, so that
valuable information regarding the dfeds of monetary impulses on the financial markets can
be ascertained.

Although the @<t price dannel on acount of expeded fealbadk effeds is ultimately
analysed in a multivariate mintegration model, ou financial market model alows for the
bivariate examination d the previously determined theoreticd implicaions. In order to
provide both analysis forms with a unified methodcd basis, we use the Johansen Method®

3 Johansen (1989; Johansen (1995.




Due to the equili brium relationship (2.4) in financial market model | (transmisson model
withou the stock market), two independent cointegration vedors must exist between the risk-
adjusted interest rates for the a%t price dannel to be dfedive. If the mintegration
relationship, for example, between the caital and money markets as well at the aedit and
capital markets, onacmurt of equation (2.4) are given by®’

4.9 s =TIg o rs-rg=0
and
(42) lk =1Ig <= Ik -I'g = O,

then the relation

4.3 'k =TI = rk-rg=0

hasto hdd, too. The equili brium relationships (4.1) — (4.3) need, in this case, to be interpreted
as yeda instances of the linea long-run relationships

r = o + B, ,k=K,B,G; jzk,

Tab. 4.1 Bivariate wintegrationin financial market model |

Max. Risk-adj. cgpita and Risk-adj. credit and money | Risk-adj. credit and capital
lag | money market interest rates market interest rates market interest rates
)\trace )\max Model )\trace )\max Model )\trace )\max Model
defeds defeds defeds
1 |16,3 |11,5 Qund |21,5* |15,7* Qund |28,2** | 25,8 Qand
4,9 4,9 BG, 58 5,8 BG, 2,3 2,3 BG,
ARCH ARCH ARCH
2 [18,1*)|13,7 Qund |17,5 |121 Qund |24,6* |21,9** Qand
50 50 BG, 5,3 53 BG 2,7 2,7 BG,
ARCH ARCH
3 (17,6 |11,2 Qund |14,7 |94 Qund |[19,0*)|16,8* Qand
6,4 6,4 BG, 53 53 BG 2,2 2,2 BG,
ARCH ARCH
4 [19,5*)[13,3 ARCH (13,7 [8,7 Qund [18,4*)|15,4*) |ARCH
6,2 6,2 (hohe |5,0 50 BG 3,0 3,0 (with
Lags) k)
5 (17,0 |10,8 ARCH [14)5 (9,1 Qund (14,3 |11,8 ARCH
6,1 6,1 (high |5,4 54 BG 2,5 2,5 (with
Lags) k)
6 (17,0 |11,9 ARCH (14,6 |9,8 - 13,6 (10,8 ARCH
51 51 (high 14,8 4,8 2,9 2,9 (with
Lags) k)
Explanation:

a Financial market model I: Money market, market for bank credit and cgpital market.
** 19 significancelevel, * 5% significancelevel, (*) 10% significancelevel

3" Insofar as our cointegration analysis always uses the risk-adjusted yield rates, for the sake of convenience we
omit the abbreviation “adj” from the following.



Atrace tracestatistic, Amax: maximum eigenvalue statistic

Q: Ljung-Box test, BG: Breusch-Godfrey test, ARCH: ARCH LM test.

with a=0 and 1. With this, bah cointegration vedors of two bivariate @integration
relationships between the risk-adjusted interest rates are given as theoreticdly identicd by (1,
-1).

The test results of the bivariate @integration models down in Tab. 4.1 convey a first
empiricd evidence of the et price diannel in the money, bank credit and capital markets.
As regards the relationship between the risk-adjusted yields on bon@d and money market
rates, allowing for lags up to four periods in the modelli ng of the short-run dynamics reveds a
wedk significance (10% level) for the existence of a mintegration relationship onthe basis of
the tracestatistic. From this lag, the Ljung-Box and the Breusch-Godfrey tests are not able to
refute the null hypothesis of missng autocorrelation o the residuals of the VEC and VAR
models, respedively. Previoudy existing ARCH effeds at lower lags disappea; they only
show presence d lags of a higher order. In the estimated cointegration vedor (1 -1,858

0,786, the seand comporent - 3 posesss the theoreticdly expeded sign, bu is only

significant at the 10% level. The missng significance of the etimate @ of the intercept
corresponds with the expedations. The results, though, shoud na be overrated, as will be

shown in the trivariate ointegration analysis. What could be seen as a problem is that the ﬁ
deviates naticealy from the theoreticd value of minus 1 of the @integration parameter.

However, it shoud be naticed that the yield rates were separately adjusted, which goes along
with problems of scde.

A cointegration d the risk-adjusted lending and money market rates could ony viewd as
given if the VEC mode has a lag order of one. Whereby the residuals contain a systematic
that is not to be overlooked. With higher lags, by contrast, it does not succeel in ascertaining
a statisticaly significant long-run relationship between bah yield rates.®® In comparison, a
VEC mode with a maximum lag of four shows a wed& significance (10% level) for a
cointegration d the interest rates in the aedit and cepital markets. From this paint on, the
residuals are freefrom autocorrelation. In the resulting cointegration vedor (1 -2.794 4.86)

the estimates ﬁ and @ posess exadly the same inference statisticd properties as those

ascertained in the long-run relationship between the yields on bond@ and money market irates.
ARCH effedsarising at low lagsin the VEC (4) model canna be completely excluded.

With the bivariate integration analysis of the risk-adjusted interest rates feedbadk effeds
that coud emanate from the excluded third market are left out of consideration. An
interdependent adjustment processis exadly that which is emphasised in the &<t theoreticd
transmisson mechanism.*® The fad is that the money market rate not only can influence the
interest rates on the aedit and capital markets, bu can also itself be dependent on
circumstances on the latter interest rates. Thereby, the higher the term, the greder the
fealbad effeds that can be expeded.”® Similarly, the smultaneous influence of monetary
palicy and international capital flows on the aedit market, is not to be negated a priori. The
mutual dependence of the risk-adjusted yields of the observed financial assts can ony be
adequately analysed in atrivariate integration system.

38 For this reason we choose not to present the relationship between the two yield rates with its sgnificant slope,
becaise in the cae of absent cointegration we would be deding with spurious regresson.

39 SeeBofinger, Reischle and Schadhter (1996, pp. 554 Duwendag et al. (1999, pp 195

0 With greaer term capital market circumstances increasingly affed the money market rates. The central bank
has more control of the make up of prices at the short end of the money market. See Deutsche Bundesbank
(1999, p. 62



Tabelle 4.2 Trivariate wintegrationin financial market mode! 12

Maxim. A Mrace Armex LB stat. | BG tat. ARCH
lag
0,1120 47,44%* 26,26* rq-eg.* rk-eq.* rk-eq.*
1 0,0812 21,18* 18,72* rg-eq.* Ig-€q.** rg-eq.**
0.0111 2.46 2.46
0,1069 49,04** 24.,87* rq-eg.* rk-eq.* rk-eq.*
2 0,0920 24,18* 21,23* | rg-eq.* rg-eq.* rg-eq.*P
0.0133 2.95 2.95
0,0896 40,13* 20,56*) rk-eg.(*) rk-eq.*
3 0,0746 19,57*) 16,97* rg-eq.* rg-eq.* rg-eq.(*)°
0.0118 2.60 2.60
0,1038 42,57 23,90* rq-eg.*
4 0,0677 18,67%) 15,2%*) | nosign. nosign. rs-eq.”
0.0154 3.39 3.39
0,0991 37,30* 22,65* rc-eq.**
5 0,0529 14,64 11,79 nosign. nosign. rg-eq.>
0.0131 2.85 2.85
0,1043 35,72* 23,80* rk-eq.**
6 0,0413 11,93 9,11 nosign. nosign. rs-eq.”
0.0129 2.81 2.81
0,1230 38,57* 24,93* rk-eq.**
7 0,0351 10,36 7,69 nosign. nosign. rg-eq.”
0.0123 2.67 2.67
0,1312 38,81* 30,10** rk-eq.**
8 0,0309 8,71 6,72 nosign. nosign.
0.0093 1.99 1.99
Explanation:

a Financial market model I: Money market, market for bank credit and capital market

** 19 significancelevel, * 5% significancelevel, (*) 10% significancelevel

Ak kth eigenvalue, k=1,2,3, Atrace Tracestatistic, Amax: Maximum eigenvalue statistic
Q: Ljung-Box test, BG: Breusch-Godfrey test, ARCH: ARCH LM test.

Asaming the validity of the equili brium relationship (2.4), there have to be two independent
cointegration vedors of the risk-adjusted interest rates in a trivariate @integration system
where the stock market is excluded. As shown in Tab. 4.2,a ointegration rank o two, based
on an error corredion model with maximum lags of one and two, proved to be well suppated
statisticaly. It must be noted that the residuas in the rg and r equations of the VEC (1) and
VEC (2) models contain considerable systematics. Here it is nat only ARCH effeds that are
present, rather the LB and BG tests $how in part considerable autocorrelations. The mmplete
removal of the ARCH effeds proves to be espedaly difficult with the residuals of the rg
equation. However, the residuals from al three short-run relationships are free from
autocorrelation from a maximum lag of four up. It therefore stands for reason that the short-
run dynamics of the financial markets $houd be portrayed through a VEC (4) model. Whil st
the eistence of a second independent cointegration vedor is only wealy significant (10%
level)*!, the first cointegration vedor has a high significance on the basis of the tracestatistic.

“! The inclusion of a quite mnsiderable number of non-significant interest rate differences in the estimation
algorithm could be the reason why the existence of a second independent cointegration vedor was not more
clealy ascertained.



Both the ascertained cointegration vedors provide the long-run rel ationships*

(4.4 ke = 2,099 + 1,518,
(2,272 (4,946

and

(4.5 st = 2,787 + 0,454,

(4,410 (2,169

between the adjusted yields of the financia asts. In bah cases the sope is gatisticdly
significant. Furthermore, the sum of both slopes is close to the theoreticdly expeded value of
2. Viewed separately, the risk-adjusted money market rate shows a @nsiderably stronger
influence on the lending rate than onthe yields on bond, which is understandable cnsidering
the latter is affeded by international capital flows to a much greder extent. By comparison,
the intercept shoud, theoreticdly, be nonapplicable, whilst the estimates here prove to be
significant. This problem is aready known from cointegration anaysis of non-adjusted
interest rates.*®> An exclusive reduction o the significance on the scde fador would,
therefore, beto grea an interpretation.

The multivariate eror corredion model (vedor error corredion model, VEC(4) model)
consists of the system of equations

(43) ArK,t = -0.008@C11t.1 + 0.024EC2,t.1 + 0.17MI’K¢.1 + 0.124AFK,t.4+ O.OSMI’BYt.l
(1462  (2.429 (2.427) (1.774 (2.837)

+ 0.048Ar|3,t_1 + O.O491kr5,t_4,
(1.545 (1.625

R?=0,283,S¥E=1,785,SE=0,094,L* =214,4,

(44) Argy = 0.050C1,t_1 + 0.0Zl@Czypl + O.ZBMrKM - 0.2992Lr5,t_2
3.72)  (0.878 (1.36§  (-4.009

- 0,224A|’|31t.4 + 0.11mr(3,t.1,
(-3.090 (2.397

R2=0,147,S¥E =10,408,SE =0,226,L* =22,238
and

(45) ArG,t = 0.057@01;.1 + 0-131@02,t-1 - O.GZOAI’KJ.Q + 0,113Ar(3,t.1
(2.804 (3.543 (2364 (509

R?2=0,131,SSE=24,199,SE = 0,344,L* =-69,724,

2 The t-values are given in bracets
3 SeeWolters (1999, p. 151; Nautz (2000, pp. 117.



which provides the short-term dynamic of the financial markets in a numericdly spedfied
form.** It explains the interest rate differences of the awts, by means of the lagged
differences, as well as the eror corredion terms eg:; and eGyi1, which embody the
equili brium relationships (4.1) and (4.2). At least one of the two error corredion terms is
significant in every equation. From a positive sign o these terms one caana infer instability,
insofar as the stability behaviour is dependent on the antire short-run dynamics. *° Whilst its
own lagged yield dfferences as well as those of the caital market interest rate ae deasive
for the ajustment processon the bank credit market, a feedbadk is nat statisticaly provable.
The ajustment processin the caital market is, in contrast, influenced by changes in the
money market, which presumably join with international influences that are not examined
here. In the short-run dynamics, temporal differences of the yields on bong itself are of grea
importance Finally, the aror corredion model renders the feedbadk processfrom the bank
credit market to the money market transparent.

From an econamic perspedive, the result is of interest insofar as whether the transmisson d
a monetary impulses in the financial markets is effedive, is brought into question time and
again. Against this it is often argued that time-varying risk premiums can oppae the
propagation d such impulses. Despite the neal for care with interpretation, in view of the
problematic of an adequate operationalisation d the financia market constructs, ou co-
integration analysis sows that a drifting apart of the risk-adjusted yield rates is limited.
Whil st the non-adjusted interest rates appea in noway to be dways driving towards a steadly
state, risk-adjusted interest rates do nd arbitrarily drift apart, sincethere ae obviously market
forces existing that provoke tendencies toward a state of equili brium.*®

It is, howvever, important to draw attention to a aiticd point in the maximum likelihood
estimation d the VEC models. This lies in the fad that the residuals in al VAR and VEC
models analysed pessessa leptocurtic, left-skewed dstribution, through which a significance
of the Jarque-Bera statistic is brought to the fore. This clealy brings the assumption d normal
distribution into question. For this reason rather than speaing of a maximum likelihood
estimation d the VEC models, we shoud spe& of a quasi maximum likeli hoodestimation*’
With this the question d the robustnessof the model estimation is raised,*® which hes not yet
been examined in the @integration tednique.

5. Caintegration in thefinancial market model with the stock mar ket

Including the stock market in the transmisson anaysis raises the discusson as to what
evidence will be foundfor a wintegration d the financial markets up to the interfacebetween
the financial and red spheres of the eonamy. In this instance d first we will examine a
potential cointegration d the risk-adjusted yield rates and dsregard the implications arising
from the integration analysis of the financial market model 1. From Table 5.1 we ca see
that with virtually al spedfications of the short-run dynamics of the yield rates, it is passble
to extrad one mintegration vedor. As we can seg considering the white noise properties of
the VAR and VEC disturbances, respedively, leaves the choice of alag order between 5and
7 open to dscusson.

4 The t-values are given in bradets. Rz Coefficient of determination, SSE: Sum of squared residuals, SE:
Standard error of regresson, L*: Log likelihood

“5 SeeHendry (1995, pp. 309and p. 583

“8 Without concretely going into the test resultsit turns out that the non-adjusted yield rates sow no evidence of
a integration in the financial markets within the period d our reseach.

" For quasi maximum li keli hood estimation see Gouriéroux, Monfort and Trognon (1984).

“8 The mnsequences of arobust estimation in capital market analysis are discussed by Kosfeld (1996, pp. 144



Table 5.1: Cointegrations rank in financial market model 11#

Maxim. Ak Mrace Mnax LB stat. BG stat. ARCH
lag
0.1023 55.55* 22.97 ra-€q.* ra-€q.* ra-€q.*

1 0.0799 32.57*) 17.73 rc-eq.** rk-eq.** rk-eq.*
0.0597 14.84 13.11 rg-€q.* rg-eq.* rg-eq.*
0.0081 173 1.73
0.1242 56.64* 28.12*)

2 0.0755 28.52 16.64 ra-eg.* ra-eq.* ra-eq.*
0.0490 11,88 10.64 rc-eq.** rc-eq.** rc-eq.*
0.0058 1.24 1.24
0.1136 48.01 25.45

3 0.0596 22.56 12.98 ra-eg.* ra-eq.* ra-eq.*
0.0405 9.59 8.72 rc-eq.** rc-€eq.** re-eq.(*)
0.0041 0.87 0.87
0.1376 54.39* 31.10*

4 0.0608 23.29 13.17 ra-eq.** ra-eq.* ra-eg.(*)
0.0411 10.12 8.82 rg-eq.** Ig-€q.** rc-eg.*
0.0062 1.30 1.30
0.1498 52.86*) 33.92**

5 0.0480 | 18.93 10.29 ra-eq.” ra-eq.” rc-eq.*
0.0353 8.65 7.51
0.0054 1.14 1.14
0.1344 46.25 30.01*

6 0.0397 16.24 8.42 nosign. nosign. ra-Gl.*
0.0315 7.81 6.65 re-Gl.*
0.0056 1.16 1.16
0.1740 57.48* 39.56**

7 0.0508 17.92 10.80 nosign. nosign. nosign.
0.0256 7.12 5.36
0.0085 1.76 1.76
0.1723 38.94** 38.94*

8 0.0735 15.74 15.74 nosign. nosign. nosign.
0.0230 4.80 4.80
0.0092 1.91 1.91

Explanation:

a Financial market model I: Money market, market for bank credit, capital market and stock market
** 19 significancelevel, * 5% significancelevel, (*) 10% significancelevel

Ak kth eigenvalue, k=1,2,3, Atrace Tracestatistic, Amax: Maximum eigenval ue statistic
Q: Ljung-Box test, BG: Breusch-Godfrey test, ARCH: ARCH LM test.

Based onthe test results, the relevance of along-run equili brium can evidently not be negated
in any of the relevant cases. The situation is extremely clea with a lag order of seven, in
which the trace ad maximum eigenvalue statistics show a significance of at least at the 5%
level. In the VEC (7) model the residuals are free of autocorrelation. Furthermore, ARCH
effeds are no longer existent. Freedom from autocorrelation also exists in the VEC (6) model,
whereby ARCH effeds are still measurable in the r, and r¢ equations. The significance of a
cointegration vedor in this error corredion model is only shown onthe basis of the maximum
eigenvalue statistic. In relation to the ARCH effeds, the VEC (5) model 1ooks better, although



autocorrelation still seems to be present at high lags. With this edficaion d the short-run
dynamics, the maximum eigenvalue statistic dealy shows the eistence of a mintegration
vedor, whilst it is only we&ly significant on the basis of the trace statistic. From the
perspedive of a parsimonious modelling, the VEC (5) model could present a relevant
cointegration system for the financial markets, as long as certain restrictions do nd have to be
considered.

Theoreticdly, the ondtions for a steady state ae provided through the eguili brium
relationship (2.4). Exadly three independent cointegration vedors of the risk-adjusted yield
rates have to exist for the validity of the eguations (2.4) in the mmplete financia market
model. Moreover, considerable complicaions arise in the interpretation d the test results
presented in Table 5.1 with an explicit consideration o the aintegration tests conducted for
financial market model I. If the adjusted yield rates of the money market, market for bank
credit andthe capital market are I(1) variables, and the aljusted stock market returnsis an [(0)
variable, then the latter makes up its own segment within along-run equili brium relationship.
A seoond segment is formed by the risk adjusted interest rates rx, rg and rg, which can be
transformed in 1(0) variables through the reveded cointegration relationships (4.4) and (4.5).
Under these ondtions it conclusively follows that a wintegration d al four financia
markets exists, by which the risk-adjusted stock market returns must constitute an
independent cointegration relationship. If the existence of two independent cointegration
vedors has been seaured in financial market model I, then in financial market model |
exadly three independent cointegration relationships of the aljusted yield rates ought to be
extraded.*® Even if one were to question the statisticdly weak second co-integration vedor in
financial market model |, the ‘puzzle’ would still remain. In al cases it must be possble to
trace a extra independent cointegration vedor under the condtions outlined in financial
market model I1.

The inconsistency could have diff erent reasons. For one thing we shoud na forget that under
certain condtions the | (1) processin finite samples could tend to refled the dharaderistics of
a stationary process® This fadt implies that a unit root test “ ... with high power against any
stationary alternative necessarily will have @rrespondngly high probability of false rejedion
of the unit root null when applied to nea stationary processs’.>* Following this it could be
raised the objedion to the Dickey-Fuller test that it does not possessthe degree of seledivity
to propose asufficiently grounded dfferentiation undr the mndtions gedfied. From this
perspedive, the stationary properties of the stock market returns, derived onthe basis of the
ADF test, could be explained as a problem of over-rejedion > In this case the test result (Tab.
5.1) would na suppat the theory of the &t price dhannel as laid ou with the inclusion d
the stock market. It could merely suppat a transmisson hypothesis that indicaes a single
Independent cointegration vedor.

If, in contrast, the aljusted stock market returns redly possessthe stationary properties, this
could, at first glance be seen as a failure of the Johansen procedure in identifying the
existence of a secnd cointegration vedor. It is important to nde in such a cae that the

9 Thisimplication will be dea if one beasin mind that the wintegration rank results from the number of linea
independent columns of the respedive wefficient matrix (M) of the multivariate eror corredion model (see
e.g. Johansen, 1995 pp. 45; Harris, 1995 pp. 76; Charemza aad Deadman, 1992 pp. 195. Since a I(0)
variable dways congtitutes a linea independent column in a @integration system, the mintegration rank will
rise by one with every additional I(0) variable. SeeHarris (1999, pp. 79.

*0 SeeHarris (1995, p. 39.

*1 Blough (1992, p. 298

®2 The same objedions must be raised regarding the Philli ps-Perron test, insofar as the statistica inference
remains unchanged on the basis of thistest. For thisthereis certainly areason. SeeHarris (1995, p. 33.



problematic of the asumption d a multivariate normal distribution canna be ignored. The
distribution problem has been the reason to qualify our econametric model estimation as a
quasi maximum likelihoodestimation. Theoreticaly the potential existence of a wintegration
vedor might not be recognised as aresult of the lossof degrees of freedom as a mnsequence
of taking the complete set of the lagged yield rate differences into consideration upto the
maximum lag. The findings ascetained by Reimers (1992 in a Monte Carlo study of a
trivariate VEC moded, in which a seoond existing cointegration relationship was
underestimated through the trace statistic, go in the same diredion. Hereby it is rather the
validity of the ast price dannel in the financial market model, ignoring the stock market,
that is suppated.

Therewith, the cndtions are indicaed that have to met in arder that a long-run equili brium
on the money market, market for bank credit, the caital market and the stock market can be
established. If the aljusted stock market returns were to possess a unit root, we @uld
conclude the eistence of a single wintegration relationship on the basis of the empiricd
findings. This, however, would na agreewith ou model of the et price dannel. For the
validity of the ast price dannel, exadly r-1 cointegration relationships must always exist in
the case of r financial markets. Based on our cointegration analysis, empiricd evidence of this
Is only provided in the financial market model withou consideration d the stock market.
Hereby, the mnsiderably greaer degree of complexity involved in a transmissons analysis
where the stock market isincluded emerges. Spedficadly it has been reveded that on the basis
of the &=t theoreticd transmisson medhanism seleded, the stock market canna be
integrated with the other financial markets in a wintegration system.

6. Conclusions

With the ad of time series econametric procedures time-varying risk premiums of financial
asEts can be proven that explain a missng cointegration d yield rates for the Bundesbark
money supdy control period. Whilst the raw yields to be obtained from the money market,
market for bank credit and the caital market establish no cointegration relationship, a
cointegration d the risk-adjusted interest rates of the as<ets traded onthese marketsis siown
on the basis of a portfolio model of the as<t pricing channel. With this, evidence for non
stationary risk premiums of the financial as<ts is indiredly refleaed, which aligns with the
findings ascertained by Wolters (1998 and Nautz and Wolters (1999.

If we include the stock market as the market for red existing cepita in the et theoreticd
transmisson mechanism, complicaions arise. With the inclusion d the stock market in the
financial market model, the dficiency of the a<t price dannel is not empiricdly suppated.
A cointegration d the risk-adjusted yield rates in all four considered financial markets could,
at best, be grounded onthe basis of another transmisson model.

An interpretation that attempted to extrad a differentiation in favour of a particular variant of
the et theoreticd transmisson mecdanism from these findings would be going too far. As
far as the aedit channel variant (lending view) is concerned, Neumann (1995 has alrealy
elaborated doulis regarding an improvement on the monetarist approach o the relative prices.
Even conjedure that it might be possble to dfferentiate between monetarist and Neo-
Keynesian variants of the transmisson mecdhanism proves to be too ogimistic, due to the
problem of a cnsistent classfication d the stock market as the market for red existing
cgoita in the transmisson model. If one beas in mind that in the monetarist theory represents



a differing degree of substitutability instead of complimentarity of financia and red asts,
the problematic of the ability to dfferentiate is quite obvious.

Undouliedly, the knowledge that under a given monetary palicy regime on the financia
markets, a long-run equili brium can exist, is information we can scarcdy afford to ignore.
With this, the stock market does naot easily fit into the system of the other financial markets.
Furthermore, posshiliti es for monetary pdicy control do nd necessarily render more reliable.
Insofar as a steady state of the risk-adjusted interest rates is established, urcertainty in view of
the propagation d a monetary impulse will not necessxily be reduced, since the risk
premiums of the financial assets can be both time-varying and nonstationary. However, time
series eanametric procedures provide starting points from which the time-varying risks may
be grasped with greaer analytic consistency. It would be much easier to predict the effeds of
monetary impulses in the cae of a steady state of the observed interest rates, bu only a
‘naive’ transmisson mechanism could stand behind this, which would shut out the complexity
of redity from the start.
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