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Abstract

Achieving the price stability in the economy is frénary objective of th&uropean Central Bank as any
other Central Bank. EuropeanCentral Bank assign a very important role to monetary analysis in its
objective of price stability. The role of a good measure of aggregate monetary services across countries in
the euro area and the broadarrd&eanUnion is policy relevant.The Divisia nonetary aggregation
approach is consistent with index number theory and microeconomic aggregation wasodeveloped

by Barnett (2003, 2007)n the first chapter thenultilateral Divisia monetary aggregates are constructed
for the union of 24 Euro aremuntries. Thanonthly Dvisia monetary aggregates for the euro ateat

from January 20Q3In this chapter theurrency in circulation, overnight deposits, deposits with agreed
maturity up to 2 years and deposits redeemable at notice up to 3 m@abgregatedA comparison with

the correspondingimple sum monetary aggregates shows thanthilateral Divisia monetary aggregate

for the European Monetary Union and European Urnigfound to perform better and are good indicators

of economic trends

Monetary aggregates have a special role under the "two pillar strategy" of the European Central Bank.
Hence, the need for a theoretically consistent measure of monetary aggregates for the European Monetary
Union is not trivial. The second chaptanalyze aggregation over monetary assets for theofean
MonetaryUnion, and studies the degree of substitutability of the monetary sefleegjuestion that is
addressedk: fiaresimple sum aggregatéseoretically consistent and an appropriate measunmgooétary
aggregatef or Eur opean Mbemonhaaryyservidesiobthmioa of eleven European
Monetary Union countries is analyzeshich include Estonia, Finland, France, Germany, Ireland, Italy,
Luxembourg, Malta, Netherlands, Slovakia, and Stisel'he monetary services analyzed are transaction
balances (it is a Divisia aggregation of currency in circulation and overnight deposits), deposits with agreed
maturity up to 2 years and deposits redeemable at notice up to 3 nidreksbstitutabilityamongthese
monetary assets analyzedfor the union of EuropeanMonetary Union within the framework of a

representative consumer S utility function, usi

n ¢



minflex Laurent Indirect utility functionT he anal ysi s of el asti ci-dostes wi t
prices shows that: (i) transaction balances and deposits with agreed maturity are income elastic and (ii) the
monetary assets are murfectsubstitutes for each other within theion of EuropeanMonetaryUnion.

The necessary condition for thenple sum monetary aggregatimthatthe component assets are perfect
substitutesResults show that this necessary condition is not satisfextte simple sum aggregatismot

theoretically casistent andlistorts measurement of the monetary aggregatethe third chapterthe

Divisia monetary aggregates fefeven European Monetary Union countries is used in estimation of

nominal GDP of the same union of countries using Markov regime swngtchodel.
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Chapter 1

Multilateral Divisia Monetary Aggregates for the EMU and EU

Introduction

In the modern economic arrangements we witness the existence of economic unions. In the presence of
economic unions like European Union (EU) and closer union European Monetary Union (EMU), there is
an interest in studying the performance lefde unions and tousty the monetary policy impacmn khis
scenarigthe need for a measure of monetary aggregates, which are theoretically consistent for economic

unions, such as the EU and EMU, is difficult to obliterate.

With the conception of theudtopean Union, re was an interest in researchers to measure the monetary
aggregates in European union, this effort can be categorized into two approaches: direct approach, uses the
unilateral representative assumption, which is a very strong and trestassumption, which requires
convergence of inflation rates and interest rates across countries, implying that the country of residence of

a consumer is irrelevant to the unilateral repres
indirea approach uses Divisia aggregation within countries and then ad hoc weighting of those within
country indi@s to aggregate over countries (Reimers (2002); Beyer, Deornik and Hendry (2001), Reimers

and Todler (1994). Bothhe direct approach anihdirect gproach produces a result that is inconsistent

with themonetary and index numbgreory.

The field of monetary aggregation and index number theory, were first rigorously connected with the
literature on microeconomic aggregation and index nuritssry byBarnett (1980, 1987).His work is
based upon the assumption that the data was produced by a single closed doddamgtt (2003, 2007),

the theory for construction of Divisia monetary aggregates for the Euro area was developed. The theory for



a singk country was extended to the makiuntry case, for an economic union, both prior to and after the
introduction of common currency. A few studies have used Divisia monetary aggregates for the Euro area,
such as Stracca (2004) and Darvas (2015), but wadiicive assumptions such as tineiform inflation

rate and interest rates across the countries.

In this analysis multilateral Divisia monetary aggregates are developed for the wfiduro Area
countries. e monetary aggregates of @duntries ofEuro area coumiesis analyzed in this paper, the
countries are: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Ireland, Italy, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Slovakia
Slovenia, Spain, Sweden and UKhesemultilateralDivisia monetary aggregate indica® constructed in

two steps: firstly, the Divisia monetary aggregates are created for the individual countries of the union;
secondly, the Divisia monetary aggregatéthe individual countries is aggregated using the expenditure
share of the individual countrilence, theresui f t hi s anal ysis is both the i
aggregatandicesand the monetary aggregatalices forthe union.The results sbw that multilateral

Divisia monetary aggregates dretter indicators compared to tberresponding simple sum aggregates.

The growth rates of multilateral Divisia monetary aggregates for the unions is lower for the period of
recession. They show a divergce from the corresponding simple sum monetary aggreffatdébe

recession period as seen in Barnett and Chauvet (2011) in case of US and Rayton and Pavlyk (2010) in case

of UK.

This chapter is orgazed irto various sections, the introduction is follesvbythe theory of aggigation
within Euro areaand aggregation over the Euro area coesirThe following section enumerates the
methodology, Benchmark rate and data sources. The last sduiigs the Divisia M1 and M2 indicdsr

EMU and EU followed ¥ conclusion.



Euro Area Divisia Monetary Aggregation

The multilateral Divisia monetary aggregation theory developed in Barnett (2003, 2007) is
applicable for union at different stages of integration. The theory progresses from a general heterogeneous
aegntsd approach, to a multilateral agent approac
representing the direction in which the EMU is planned to progress into the flhese results are

applicable to the European Union countries and té&thhepean Monetary Union countries.

Aggregation Within Euro Area Countries

Let My be the nominal per capita holdings of assefl, 2,....,N } located or purchased in
country ji {1,2,....K +Z}, where Z is thenumber of relevantountries that are outside economic
union, K be the number of emtries in the economic unipand I';i is theholding period after tax yield

on asset located or purchased in countfyand owned by an economic agent in couktryet'Y be the

benchmark ratef return in countryk, where the benchmiarate of returris received on a pure investment

providing no services other than its yi€ldhe real usecost price of assét, first derived by Barnett (1978),

is
P (1) =(R() - ®)/ @ R(D). €
In this applicationthe real usecost pricds of assetl located or purchased in countpyand owned by

residents otountryk at timet, while Py = pk ,@li is the coresponding nominal useost. The user

cost of a monetary asseeasures the foregone interest or opportunity cost of holding moastai,

when the higher yielding benchmark asset could have been held.

We define the setS, ={(i ); m; @ forall i,j}. Thenthe real pecagita monetary services

aggregatel\/llz and he nominal pecapita monetary services aggregﬁ(kk for eachcountryk are



dlogM, = & W dlog rT*jS , @)

(i) S,

dlogM, = g w,; dlog m; . 3

(i)
Similarly, the monetary real usepst price aggregaté’; , andthemonetary nominal userost price

aggregateP, , are

dlogP, = § VWjidlogp:(ji , (4)

(1) s

dlogP, = & V\‘q‘idlogpkji 5)

GEDE"

wherethe expenditure shares,

:pkjirn:ji _p;ji Iffljji = (B -IJJ.I) I”n = ( B EJI') m andoq:vvkji (ﬂ.for all
’ k M k m a i S((Rk- rkji)mkji a( j,i)l'sk( R< - rkji) mqi

Kii

ki {L,...K}, ji fL,....K +Z},andil {1,...,N}. Alsoit follows that Q ;s W =1 for all k. In

Appendix Aldisplaysthe yearoveryear pecentage change of the Divisiggregate for th24 Euro
AreacountriesThe Divisia M2 aggregate has component asséturrency in circulation, overnight

deposits, deposits with agreed matyrityd deposits redeemable at natice

Aggregation Over Euro Area Countries

The euro area's nominatpcapita monetary service flodl , and real pecapita monetary

service flow M ", are given by

dlogM =g W, dlog(s M. ¢) , (6)
k=1

1 Appendix & provides the definitiorof these monetary assets in accordance viite ECB glossary.

4



dlogM™ =& W,dlog(g M) . 7
k=1

Similarly the eurarea’s nonmal monetary usecost price,P , and real monetary usepst prices P~

are

dlogP =g W, dlog( Pg), ®
k=1

dlogP”™ =§ W, dlog( P) . 9)
k=1

where$<:Hk/é_E=1Hkis country koés share ofandhtisthe economi c

population of country k. Theariable€§, i s t he exchange rate ofmaketuntry I

basket of currencie€ountry kodés expenditure share of the econ

given byW, = ykpﬁek% :
a kZlePkeksk

The corresponding disete tine Divisia indexreplaceghe differential<Xx ¢ 6Q by finite
changes T¢C 1 T¢ andreplacesv by @ @ j 7¢. The resulting indeis the

Torngvist approximation to the continuotiime Divisiaindex These results are in peapitaterms
The Data and the \ariables

The Euro zonevas formedin 1999 but the datdor someof the monetary services and ithe
corresponding rageof return arenot availableuntil January 2003. Hencéhe data for theEuro area
countriesbegin inJanuary 2003This paper has used monthly data from January 2003 to January 2014.
Thedata for the monetary services, their corresponding oditesturn,andthe populatios and consumer
prices of the eleven Euroraacountriesare acquiredrom the Statistical Data Warehouse, whichthe

sourceprovided m the EiropeanCentralBankd s  w e Aparti friore the HropeanCentral Bank the
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centralbanks of the member countries aleo sourceof some of oudata.Our householddata ordeposits

and interest ragaarefrom the EuropeanCentralBankfor deposits aMonetary ad Financial Institutions

Our currency data are from the central banks of member coufthiegiata on currency in circulation is

taken fromtheidi vi dual countriesd6 centr al urdpearCknsrglBarckks cur r
website does not provide the data on currency in circulation. The data for the outstanding amount of
overnight deposits, deposits with agreed maturity up to 2 yeardegousits redeemable at notice up to 3
monthsare for the households and Aorofit institutions serving households. The data for the interest rate

for overnight deposits, deposits with agreed maturity up to 2 years and deposits redeemable at notice up to
3 monthsare the Monetry Financial Institutionsiterest rates for the households and-poofit institutions

serving households. Currency is assumed is to have a zero own rate of return. The outstanding amount and
interest rate data favernight deposs, deposits with agreed maturity up to 2 years and deposits redeemable

at notice up to 3 montlege from the HBropearCentralBankData Warehouse.

M1 and M2 Monetary Aggregate

The M1 monetary aggregate contains the most liquid monetary asset compohefis:opean
Central Bank has defined the M1 monetary aggregate to include currency in circulation and overnight
deposits. Overnight deposits are deposits with-daytmaturity and comprises mainly of sight deposits or
demand deposits which are fully tréamble by check or similar instruments. TieopearnCentralBank
definition of the M2 aggregate includes currency in circulation, overnight depositsitdepith agreed

maturityup to 2years andleposits redeemable at notiap to 3months.

Since Janary 2003 the data of the Euro zone countries area harmonized according to this definition
of overnigh depositsdeposits with agreed maturityp to 2 yearsind deposits redeemable at notigeto
3 months The database of Belgium has ttega forinterest rates on saving and demand deposits only
until 2003; in case of Greecthe data fosight deposits, s@&vwg deposits and time deposits not have data

on interest rates. At the same time France has data for their sight deposits, passbook savirigstaoeou



deposits with their interest rates. In light of this diversity in the availability of the data, in this analysis we

adopted th&uropearnCentralBankdefinition of the M1 aggregate.

Benchmark Rate

The benchmark rate is the expected rate of rateerived on a pure investment providing no
services other that its yield. In short, the benchmark rate is the rate of return on pure capital. Since it
provides no services other than its yield, the benchmark rate must be at least as high as thealpmper env
over all the monetary aggregate's component ydalde-adjusted rates of return. In that upper envelope,

we also include the interest rate on loans of maturity of up to one year.

In case of a few countries like Finland, France, and the Netherlledisiterest rate on deposits
with agreed maturity of 2 years was greater than the loan rate for a few months. For those periods, 100 basis
points were added to the upper envelope to keep the user costs from becoming zero. This procedure is in
accordanceavith Anderson and Jones (2011). In the case of Finland, the interest rate on DAM was higher
than the loan rate for two periods of up to one year. For DAM and DRN, those periods were January 2009
to September 2009 and March 2012 to October 2012. For thasd$ 0.01 point is added to the loan rate,
so that the benchmark rate is highest of all the rates of return on monetary assets. The corresponding periods
for France are March 2009 to January 2011 and December 2011 to January 2011. For the Netherlands, t
periods are January 2009 to June 2010 and January 2012 to Octobetr2648e of EU countries, UK
and Lithuania, the interest rate on deposits with agreed maturity of 2 years was greater than the short term
loan rate for a few months. For UK, the ipéls are January 2009 to June 2010, June 2011 to November

2011 and July 2012 to April 2013. For the Lithuamiarrespondingeriod is October 2009 to April 2010.



Table 11: The component monetary services of the Divisia aggregates

Divisia Aggregate

Component Monetary Services

Divisia M1

Divisia M2 minus

Divisia M2

Currency in circulation and Overnight Deposits

Currency in circulation, Overnight deposits and
Deposits with agreed maturity of up to 2 years
Currency in circulation, Overnight DeposiBeposits
with agreed maturity of up to 2 years and Deposits

redeemable uf 3 months.

Tablel.2: The countries included in the Euro area unions.

Union

Countries included

EMU-16

EMU-11

EU-24

EU-18

Austria, Belgium, Estonia, Finland, France, German
Greece, Irelandtaly, Luxembourg, Malta,
Netherlands, Portugal, Slovakia, Slovenia, Spain
Estonia, Finland, France, Germany, Italy, LuxembotL
Malta, Netherlands, Slovakia, Slovenia

Austria, Belgium, Bulgaria, Czech Republic, Denmal
Estonia, Finlandirance, Germany, Greece, Hungary
Ireland, Italy, Lithuania, Luxembourg, Malta,
Netherlands, Poland, Portugal, Slovakia, Slovenia,

Spain, Sweden, UK

Belgium, Bulgaria, Czech Republic, Denmark,

Estonia, Finland, France, Germany, Ireland, Italy,




Lithuania, Luxembourg, Malta, Netherlands, Slovaki

Slovenia, Sweden, UK

The European Monetary Union (EMU)

The European Monetary Union (EMWJ1 consists of Currency in circulation and overnight
deposits The data on currency in circulation is taken frime individual countries central banks, the
EuropeanCentral Bank website does not provide the data on the currency in circulation. The data of
overnight deposits and their interest rate were taken frofautrepeanCentralBank databaseThe union
EMU-16 consistsof Austria Belgium, Estonia, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Malta, NetherlandBortugal, Slovakia, Slovenia aBgain.In this analysis the Cyprus and
Lavia are the European Monetary Union countries tr@ not nclude since the data for currency in
circulation is not available for these countri€kefigure 1.1 showyearoveryear percentage change of

EMU-16 M1 monetaryaggregate.

Figure 1.1The yeafoveryear percentage change of EMB M1 monetary aggregate

EMU 16 - M1 Monetary Aggregate

T T T T T T
2004m1 2006m1 2008m1 2010m1 2012m1 2014m1

Divisia M1 == === Simple sum M1




The EuropeanMonetaryUnion Divisia M2 minusaggregate is for EM16 union of countries
Thisexcludes Cypruand Latviafor the aforementioned reason of unavailability of currency in circulation.
This Divisia M2minusaggregate inades currency in citdation, overnight deposits and deposits at agreed
maturity. Thefigure 1.2showsthe yeafoveryear percentage change MU-16 M2 minusmonetary

aggregate.

Figure 1.2: The yeasveryear percentage change for EMB M2 minus monetary aggregate

EMU 16 - M2 minus Monetary Aggregate

o4

T T T T T T
2004m1 2006m1 2008m1 2010m1 2012m1 2014m1

Divisia M2 minus === === Simple sum M2 minus

The EMU-11 Divisia M2 aggregate is for eleven European Monetary Union countresslitdes
Austria, Belgium, Greece, Portugal and Sfaim the EMU16 union of countriesThe dataon deposits
redeemable at notiGamount andheits interestrateis not avéable for these countrie§ his Divisia M2
index aggregatesucrency in circulation, wernight depositsgeposits with agreed maturignd deposits
redeemable at noticeThe figure 1.3 showsthe yearoveryear percentage change faBMU-11 M2

monetaryaggegate.

10



Figure 1.3: The yeavveryear percentage change for EMUl M2 monetary aggregate

EMU-11 Monetary Aggregate

o 4

T T T T T T
2004-01 2006-01 2008-01 2010-01 2012-01 2014-01

Divisia M2 == === Simple sum M2

European Union

The EU24 unionconsists 24 European countries, Austria, Belgium, Bulgaria, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Grddgegary, Ireland, Italy, Lithuania, Luxembourg,
Malta, Netherlands, Poland, Portugab\&lkia, Slovenia, Spain, Sweden &#. . In this analysis Croatia,
Cyprus,Latvia and Romania are the European Union countries that are not insinde the datdor
currency in circulation is not available for these countiié® index for this group starts from 2004 Jan.
The EU24 Divisia M1lindex aggregatesurrency in circuléion and @ernight depositsThe figure 1.4

shows theyearoveryear percentage chanfygg EU-24 M1 monetary aggregate.

11



Figure 1.4 he yearoveryear percentage change for 24 M1 monetary aggregate

w0
¥

EU 24 - M1 Monetary Aggregate

2004m1

2006m1 2008m1 2010m1 2012m1 2014m1

Divisia M1 = =mm-e Simple sum M1

EU-24 Divisia M2minus monetary aggregatensists oturrency in circlation, overnight deposits

and aposits with agreed maturitior the 24 European Uniorcountries unionThe figure 1.5 shows the

yearoveryear percentage change fold-24 M2 minusmonetary aggregate

Figure 1.5: The yeawveryear percentage change for 24 M2 minus monetary aggregate

o 4

EU 24 - M2 minus Monetary Aggregate

T
2004m1

T T T T T
2006m1 2008m1 2010m1 2012m1 2014m1

Divisia M2 minus =~ == === Simple sum M2 minus
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EU-18 consists of 18 couries Belgium, Bulgria, Czech Republic, Denmarkstonia, Finland,
France, Germany, Ireland, Italy, Lithuania, Luxembourg, Malta, Nethi=]&lovakia, Slovenia, Sweden
and UK. EU-18 Divisia M2 monetary aggregatmcludes currency in circulation, overhigdeposits,
deposits with agreed maturitgnd deposits redeemable at noticehe figure 1.6 shows theyearoveryear

percentage change f&tJ-18 M2 monetary aggregate.

Figure 1.6: The yeawveryear percentage change for #8 M2 monetary aggregate

EU 18 - M2 Monetary Aggregate

T T T
2008m1 2010m1 2012m1 2014m1

Divisia M2 === === Simple sum M2

Non-Financial Corporations In this analysisthe Euro area Divisimonetary aggregates for the

nortfinancial corporationsre also created’he Monetary Financidhstitutions have a different rate of
interest for the overnight deposits, deposits wifftead maturity and deposits redeemable at notice for Non
financial corporationsThe Divisia M1 and M2 minus indices are created for EMI_and EU24 countries

for Nonfinancial corporations.

13



Figure 1.7 The yeawveryear percentage change for Aomancial corporations M1 and M2

minus monetary aggregate for EMU 16 countries.

EMU 16 - NFC M1 Monetary Aggregate EMU 16 - NFC M2 minus Monetary Aggregate

15
15
|

10
|
10

o o

2004m1 2006m1 2008m1 2010m1 2012m1 2014m1  2004m1 2006m1 2008m1 2010m1 2012m1 2014m°

Figure 1.8 The yeawveryear percentage change for Aomancial corporations M1 and M2

minus monetary aggregate for EU @untries.

EU 24 - NFC M1 Monetary Aggregate EU 24 - NFC M2 minus Monetary Aggregate

15
5
1

10
0
L

w w4

T T T T T T T T T T T
2004m1 2006m1 2008m1 2010m1 2012m1 2014m*  2004m1 2006m1 2008m1 2010m1 2012m1 2014m*

Individual countriesIn the conguction of themultilateral Divisia monetary aggregatalices, the

i ndi vi du aionetagy aggtegaies asebuded weighted aggregatiorHence, the result of this
analysis is also the Divisia monetary aggregate indices for the individual coulstde®rgence between
growth rates of Divisia monetary aggregate and the simple sum monetary aggregate for the period of
recession is alsevident forindividual countries. The growth rates of the Divisia monetary aggregate and

thecorrespondingimple sunmonetary aggregate for the 24 Euro area countries is given in Appendix Al.

14



Theyearoveryear percentage change in the usest aggregate for the EMU and EU union of countries

is given in Appendix A3.

Conclusion

This paper examines the monetagrvicesin the 24 European Monetary Unioand European
Union countriesThis is an aggregatioover the monetary services @frrency in circulation, overnight
depositsanddeposits with agreed maturity and depogtdeemable at ioe. The resultsf this anaysis
are multilateralDivisia monetary aggregatder the union of Euro area countrjesith a minimum
restrictive assumptian This makes these indicesnsistent with index number theory and economic

aggregatiortheory.

These resultshowthat themultilateral Divisia monetary aggregate favBl and EU countrieare
a better indicatorthanthe simple sum aggregatandare agood signal of economic trendé/hen the
country Divisia monetary aggregatend the EMUand EUmultilateral Divisia monetary agggate diverge
from the simple sum aggregatéhe results signaletthe recent economic crisis, as obsemwdéth US data
by Barnett and Chauvet (201Barnett and Chauvet (2011) observe that from the 1960s to 2005, the U.S.
monetary aggregates and theiviBia counterparts diverge more during periods of high uncertainty than in
times of stability. They suggest that this divergence can provide a signal for impending financial instability.
For the U.K. Rayton and Pavlyk (2010) demonstrate that the Dividigimple sum monetary aggregates
did not correlate at the start of the recent crisis. During the Great Recession in Germany, Chan and Nautz
(2015) found that the information content of the two indices diverged for the recession period. The Divisia
monetay aggregate forlethe EMU and EU unions showdivergence and thesesultsare consistent with
the results from US, UK and Germarig.addition to the divergence of the growth rates of the Divisia
monetary aggregates from the corresponding simple sunetany aggregatethe Divisia monetary
aggregatesd growth rates were | ower than the si mp
start of the Great Recessidfionetary aggregates are of paramount importance to ECB, since they are part

15



of the wo-pillar strategy employed by ECB for maintaining price stability. The multilateral Divisia
monetary aggregates for the Euro area are theoretically consistent and an appropriate measure of monetary

services compared to the corresponding simple sum mgregggregates.

I intend to extend this analysistwo ways: firstly, a comprehensive multilateral Divisia index will
be constructed which will be an aggregate of the households and tfirararial corporations for the Euro
area. Secondly, an index forside money for the union of eleven countries of European Monetary Union

will be constructed and compare with the data forctireespondingnonetary base.
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Chapter 2

The Demand for Money for EMU: A Flexible Functional Form Approach

1. Intro duction

The European Central Bank (ECB) is among a few central banks that attribute a special role to
money under its two pillar strategy. The goal of ECB is to achieve and maintain price level stability in the
medium and longerm in the Ero area. ECB dieves this goaby economic analysis and monetary
analysis. Monetary analysis, which is one of its pillars, includes analyzing monetary aggregates. Money is
found to play a prominent role in Euro area, a long run correlation between money growth &nd infla
appears to be robust and different policy regimes (Benati 2008,2009). Many studies with European data
have confirmed the relationship betwaaonetary growth and inflation. See, Neumann and Greiber
(2004); Bruggeman Camidandez, Fischer and Saus®(@8); Gerlach and AssenmaciWesche

(2005).

The need for a measure of monetary aggregates, which are theoretically consistent for economic
unions, such as the EU and EMU, is highly relevant. The field of monetary aggregation and index number
theory wereifst rigorously connected with the literature on microeconomic aggregation and index
number theory by Barnett (1980). His initial paper is based on the assumption that the data were
produced by a single closed economy. Subsequent studies with thosendatetiated that Divisia
monetary aggregates are better measures than simple sum monetary aggregates in terms of policy criteria,
such as causality and information content of the aggregate and stability of money demand equations. See,
e.g., Barnett, Offdmacher and Spindt (1981, 1984), Belongia and Ireland (2006, 2014, 2015a,b,2016),

Serletis and Rahman (2013), and Serletis and Gogas (2014).
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In Barnett (2003, 2007), the theory for construction of Divisia monetary aggregates for the Euro
area was developedhe theory for a single country was extended to the roaitntry case, for an
economic union, both prior to and after the introduction of common currency. A few studies have used
Divisia monetary aggregates for the Euro area, such as Stracca (2004reasl (2015), but under
restrictive assumptions. In this paper, we develop multilateral Divisia monetary aggregates for a group of
eleven European Monetary Union (EMU) countries (Estonia, Finland, France, Germany, Ireland, Italy,
Luxembourg, Malta, Nethexhds, Slovakia, and Slovenia), following Barnett (2003, 2007). We find that
the resulting multilateral Divisia monetary aggregates are more informative than the corresponding simple
sum aggregateshe Divisia indices show a lower growth rates for theggioa periods which the simple
sum aggregates fail to indicate appendixB1, figure 2.1shows the Divisia and the corresponding
simple sum monetary aggregates for the eleven European Monetary Union countfigsrar®i2 in
appendix B2 shows the Divisand the corresponding simple sum aggef@tthe union of eleven

European Monetary Union countries.

A basic question that this analysisswers is: are the simple sum aggregates for the-EMU
justified? A necessary condition would be that the mopetssets within the EMU1 are perfectly
substitutable. In this paper, the substitutability of the monetary assets within thed EMlihvestigated
using minflex Laurent consumer demand model, a flexible functional form. In the United States, the
availabk results have shown that the monetary assets are not good substitutes. See, e.g., Serletis and Robb
(1986). With US data, Serletis and Shahmoradi (2007) have used various functional forms for consumer
demand modeling of money demand, including the gemedaleontief, the translog, and the almost
Ideal demand system. For the Euro Area, extensive literature exists on the demand for money. Much of
that work uses linear combinations of variables, including inflation, output gap, interest rate, and
monetary ggregates (e.g., Stracca 2004). A few studies have also included wealth (e.g., Beyer (2008)

and Boone et al (2004)).

18



The chapteproceeds to discuss the minflex Laurent model, our estimation procedure, our results,

and conclusions.

2. The ConsumertiosProMenx i mi z a

Our assumptions are sufficient for two stage budgeting, as introduced by Strotz (1957, 1959) and
Gorman (1959). Hence consumers behave as if they were using sequential expenditure allocation. In the
first stage, expenditure allocation is t@ad categories. In the second stage, the expenditure allocation is

within each broad category.

In the economy, individuals allocate over three types of goods and services: consumption goods,
leisure, and the monetary asset services. The services fraetitex the representative individual's

utility function,

u=u(c,I,m) (10

whereC is the vector ogervices of consumption goodsis leisure, andn is the vector of services of
monetary assets. The consumer maximizes utility subject to the budget congitaing p#m jz
where( is the vector of prices of the consumption gobddV is the wage ratd) is a vector of usecost

of the monetary servicas , andz is the quantity of expenditure allocated to the current period in the

prior stage intertemporal allocation.

The vector of monetary services is assumed to be wearable from consumption gooaisd

leisure? Hence equation (10) can heitten asu = u(c, I, f (m)) where f (m) is the aggregator function

over monetary services. That aggregator function is assumed to be continuous and twice differentiable.

u/
Weak separability inm requ'resu(u/—m)/ uxOforX £,l. The consumerés seconc
y

2 A substantial literature exists on testing the hypothesis of blockwise weak separability. See, e.g., Hjertstran
Swofford, and Whitney (2016) and Cherchye, Demuynck, Rock, and Hjerstrand (2015).
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maximization problem can be written@sb Q& subject topim ¥, whered a ha b s
the vector of moetary assets, with), = transaction balanceB}, = deposits with agreed maturity

(DAM), and M, = deposits redeemable at notice (DRI); 1 ) i) is the corresponding eeor of
usercosts, andy is the total expenditure on monetary assets allocated during the first stage allocation of

z over the three categories of goods and services.

2.1.Minflex Laurent Model
The minflex Lawen model, originated by Barnett (1983), is a special case of the Full Laurent
model. Barnett and Lee (1985) showed that among the three flexible functional forms, translog,
generalized Leontief, and minflex Laurent, the minflex Laurent model has tlestlaegular region, and
its regular region expas as real income growsh@& minflex Laurent mode$ usedo estimée the

demand for money for tHeuropean data. The full Laurent reciprocal indirect utility function is given by

V(v)=a, ﬂéa\?"z A BV 20 AVR - AbEC W @y

i2jE i 1= i 1lj=1 =
whered,, &, &j , Q , hj are unknown parameters, aiNd and Vj denote the income normalized

prices, / Y and P; / Y respectively.

By assuming thabI =0, hi =0forall i, aﬁq =0forall i, j , and forcing the off diagonal

elements of the symmetric matricés* [81]] and B? [bj] to be nonnegate, equation (11 ) reduces to

the minflex Laurent reciprocal indirect utility function

V(v)=a 234 a¥® Qav & &v’yv: -aba’nv- (12
i=1 iz =

i o1= i 14 1
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By applying Roy'sdentity to the equations of the indirect utility function of minflex Laurent, the share

equations are

Vl/2+ q y 'la %2\}/2\}/2 _|a”tfvll2v

§=5 " o ; (13)
a\/“2+ aaw 'y a&veye o+ a.,b?a”v

iEo1= i 15 1 =

Since the share equations are homogenous of degree zero in the parameters, a normalization is
required. Following Barnett and Lee (1985), we impose the following normalization in the estimation of

the share equations

aa.+2 aa + af é 1. (14)
j 1=
|] I

3. Estimation Procedure

The three monetary assets in the consumer utility function are transaction balances (computed as
a Divisia aggregate over gency in circulation and overnight deposits), deposits with agreed maturity,
and deposits redeemable at notice. The-tcgsts for these monetary assets are computed using equation

9. To estimate the share equation system, (13), a stochastic vergiedfied. We assume that the

observed share in th&' equation deviates from the true share by an additive tdym,

We assumex § 1t , whereU = (Uy,...,U. ) | 0 is anull matrix, andq_is the¢ &

symmetric positive definite error covariance matrix. The share equations, (13), can be written as

s=g(vd) +1, (19
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whered is the parameter vector to be estimated. The fact that the budget Shanes to 1, implies that

the disturbance covariance matrix is singular. &a(i969) has shown that full information maximum
likelihood estimates of the parameters can be obtained by arbitrarily deleting one equation from the
system. The parameters in this paper are estimated following Barten (1969). Estimation is performed

usingnonlinear fultinformation maximum likelihood estimation with the TSP (version 5.1) program.

3.1.Estimation Results
Tables 2.1 to 2.5 show the estimated parameters and the elasticity estimates. Table 2.1 shows the

parameter estimates of the minflex Laurentsio
Regularity Conditions:

Positivity Condition: The positivity condition is checked by computing the indirect utility

function, to confirmv (v) >0 forall t .

Monotonicity Condition: The monotonicity is chexd by computing the gradient vector, to

confirmVj(v) & forall t.

Curvature Condition: Curvature is checked by examining negative semidefiniteness of the Allen

elasticities of substitution matrix.

Table 2.1

Minflex Laurent model parameter estimates.

Variable Estimate
al 0.002406
(0.172985)
a2 -0.003857
(-1.03508)
a3 -0.006280
(-0.88275)
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all 0.28184

(2.42884)
a22 0.259754

(3.96397)
a33 0.473870

(3.72716)
a3l 0.00028649

(0.00000159944)

b21 0.00081911
(5.26623)

Loglikelihood 802.568

Positivity violations 0

Monotonicity violations 0

Curvature violations 59

Numbers in parentheses arealues. Sample period: 2003 to 201401

The elasticities can be calculated from the estimatddditshare equations, which can be written

_SY

as X =— where i =1,2 and & The budget share equation can also be written in the logarithmic

form as equation 16.

logx =logs #ogy logp (16)

The income elasticity is calculated by

h 4 L8 (17)
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for i =1, 2, 3. The elasticity values in TableZare evaluated at the mean values of the variables.

The values in the parenthesis akalues (estimate divided by standard error) of the estimates. T.able 2
shows that the income elasticities for the three monetary assets are positive, so that the monetary assets
are normal goods. The transaction balances (TB) and deposits with agreed maturity (DAM) are income
elastic, with income elasticities exceeding 1.0, wtiéposits redeemable at notice (DRN) are income
inelastic, with income elasticities less than 1.0. Income elasticity paths over time are shown i8.Bigure
The elasticity of TB with respect to income is high and does not display much variation, gttsinin

highest value of 1.182 and lowest value of 1.223. The elasticity of DAM with respect to income displayed
its highest value of 1.77 for period April 2009 and lowest value of 1.179 for January 2004. The elasticity
of DRN with respect to income is unifaly low, attaining its highest value of 0.64 for period January

2004 and lowest value, 0.285, for April 2009.

The Marshallian (uncompensated) price elasticities are calculated from
p.
hy T (18)
S HP

wherei =1, 2,3; and dij is the Kronecker delta, so that p EEE Eand TEEE E The

Marshallian price elasticity in egtion (18) is derived from the differentiation of equation (16) with

respect to prices. The Marshallian price elasticity values in Pablare evaluated at the mean values of

the variables. The values in the parenthesis-aatues (estimate divided ksyandard error) of the

estimates. All own price elasticities are negative, ruling out Giffen goods. Allgrizgselasticities are

negative, hence all of the assets are found to be gross complements. All price elasticities are less than 1.0
in absolutevalue, so all of the monetary assets are price inelastic. The income and price elasticities are

consistent with the results in Serletis and Robb (1986) in case of US.
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The Marshallian price elasticity of TB with respect to the «eests over time is shawin Figure2.4, top

left graph. The owaprice elasticity of TB is low, although it increased slightly in January 200248.

The elasticity of TB with respect to the usaist of DAM is comparatively high and does not show much
variation, although itdll slightly in January 2009 t®.18. The elasticity of TB with respect to the user
cost of DRN showed high variation, with highest valie28, in January 2014 and lowest vak@e57, in
January 2009. The Marshallian price elasticity of DAM with resfethe usercosts over time is shown

in Figure2 4, top right graph. The owprice elasticity of DAM is low, with its highest valu®,.37 in
January 2009 and lowest valu@,58 in May 2009. The elasticity of DAM with respect to the wsests

of TB is comparatively high, with its lowest valu®,34, in July 2003 and its highest vale@095, in

April 2009. The elasticity of DAM with respect to the usests of DRN displays high variation,
increasing t60.07 in May 2009 and decreasing @46 in Juy 2003. The Marshallian price elasticity of
DRN with respect to the usepsts over time is shown in Figuzel, bottom left. The owsprice elasticity

of DRN is low but very volatile, with a sharp increase@6 in January 2009 and a decreas@b n
October 2013. The elasticity of DRN with respect to the-uest of TB is less volatile, with its highest
value,-0.33 in October 2003 and its lowest vali®248 in April 2009. The elasticity of DRN with respect
to the usercost of the DAM is comparately high and less volatile, with its highest valt@® 105 in May
2009 and its lowest value).25 in November 2008. The income and Marshallian price elasticities over

time can be instruments for the European Central Bank and the Monetary and Finatititibhms for

regulation of the interest rates to achieve price stability.

The Allen elasticity of substitution is given in Taldld, the elasticity values are evaluated at the
mean values of the variables. The values in #remthesis arevalues (estimate divided by standard
error) of the estimates. The owillen elasticities of substitution are negative, as is consistent with theory.
The Allen cross elasticities are positive and less than 1.0 indicating that monetarpessetak
substitutes, but far from perfect substitutes. Allen elasticities of substitution over time are shown in Figure

2.5. The cross elasticities of substitution are positive and less than 1.0, indicating that the monetary assets
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are weak substitutdmut far from perfect substitutes. Substitutability shows sharp decrease in 2009 and

2013.

Blackorby and Russell (1989) have shown that cross Allen elasticity of substitution may provide
ambiguous information and suggest that Morishima elasticity of sutititmay be a better measure of

substitutability. Blackorby and Russell (1989) and Serletis and Shahmoradi (2005) advocate computing

Morishima elasticities using the equation BfU § BRO , B , B ,where, BRU

and, BEXU are Allen elasticity of substitution. The Morishima elasticity measures the net change in the
compensated demand for go@vhen the price of goo@changes. Goods will be Morishima

complements (substitute$)an increase in the price §icausesvj w to decrease (increase). The

Morishima elasticity of substitution is shown in TaBI6. The Morishima elasticity of substitution for all

the three monetary services being less than 1.0 showdlttiiea monetary services are weak substitutes
and far from perfect substitutes. Morishima elasticity of substitution of the monetary assets over time is
shown in Figure 6a, Figure2.6b and Figur@.6¢. The Morishima elasticity of substitution of the

monetary assets over time is less than unity and it shows steep variation in 2008.

Both Allen elasticity of substitution and Morishima elasticity of substitution show that the
monetary services for a union of eleven countries of European Monetary Unitot gexfect substitutes.
This does not satisfy the necessary condition for the simple sum aggregates that components should be
perfect substitutes. Hence the simple sum monetary aggregates for this union will be theoretically

inconsistent.
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Table 22

Estimated Income elasticities

Monetary Asset

Income Elasticity

Transaction balances

Deposits with agreed maturity

Deposits redeemable at notice

1.21652
(26.8955)
1.34478

(9.08806)
0.536689

(11.0111)

Numbers in parentheses arealues. Samplperiod: 200301 to 201401

Figure2.3

Estimated Income elasticity
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Table 2.3

Estimated price elasticities for the monetary assets

Monetary Assets hil hiz hi3
Transaction balares -0.511041 -0.142338 -0.346621
(-24.0263) (-3.83083) (-15.5284)
Deposits with agreed maturity  -0.245840 -0.461104 -0.293057
(-3.94550) (-4.20578) (-5.75193)
Deposits redeemable at notice  -0.376363 -0.196048 -0.427589
(-16.4524) (-6.21254) (-22.7411)

Numbers in parentheses areatues. Sample period: 2003 to 201401
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Figure 2.4

Marshallian price lasticity of monetary assets with respect to the-uests

Elasticity of TB with respect to the user-costs
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Table 2.4

Estimated Allen elasticity of substitution foretimonetary assets

Monetary Assets i Sia1 Sia2 Sia3
Transaction balances -0.063959 0.617414 0.262455
(-1.10478) (3.24950) (7.48267)
Deposits with agreed maturity -0.596014 0.538153
(-1.02958) (6.54606)
Deposits redeemable at notice -0.640232
(-12.9860)

Numbers in parentheses areatues. Sample period: 2003 to 201401
Figure 2.5

Allen elasticity of substitution
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Table 2.5

Estimated Morishima elasticity of substitutifor the monetary assets
Monetary Assets i

m m m
Sil SiZ Si3

Transaction balances 0.271938 0.130272

(3.34982) (5.40248)

Deposits with agreed maturity ~ 0.288293 0.269461

(1.58051)

(1.89831)
Deposits redeemable at notice  0.327957

0.428121
(13.3180) (9.603®)

Numbers in parentheses arealues. Sample period: 203 to 201401

Figure2.6a

Morishima Elasticity of Substitution for (i) TB and DAM when the usest price of DAM changes; (2)
TB and DRN when the usepst of DRN changes
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Figure2.6b

Morishima Elasticity of Substitution for (i) DAM and TB when the usest price of TB changes; (2)
DAM and DRN when the usearost of DRN changes
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Figure2.6¢

Morishima Elasticity of Substitution for (i) DRN and TB when the w=®st price of TB change&)
DRN and DAM when the userost of DAM changes
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4. Conclusion

This paper examines the monetary services in the European Monetary Union (EMU) of 11
countries. We aggregated over the monetary services of currency in circulation, overnight deposits, and
deposits with agreed maturity and deposits redeemable at notice. The demand of these monetary services

is analyzed to study the degree of substitutability of these monetary assets.

The monetary assets are analyzed within the framework of a representatseener's utility
function, using Barnettés (1983) l ocally flexibl
function. The monetary assets are analyzed for their degree of substitutability using Allen elasticity of
substitution and Morishimalasticity of substitution. The results show that the monetary assets are weak
substitutes, far from perfect substitutes. As a result, the theoretically correct monetary aggregate cannot be

linear, and certainly cannot be simple sum.

The analysis of elastii t i es wi t h r e s jastopticestsiowstthate (i) thassscidn 6 s  u s
balances and deposits redeemable at notice are income elasticijiieehmonetary services are usest
price inelasticand (iii) Both Allen elasticity of substitutiomd Morishima elasticity of substitution show
that the monetary services for a union of eleven countries of European Monetary Union are not perfect
substitutes. This does not satisfy the necessary condition for the simple sum aggregates that components
shoud be perfect substitutes. Hence the simple sum monetary aggregates for this union will be theoretically

inconsistent and will distorts measurement of the monetary aggregate.
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Chapter 3

Nominal GDP and Divisia M2 Monetary aggregate: In Makov Redbswitching
Approach

Introduction

The recent financial crisis has resulted in reduction in employment and incomes. This has led to a number
of economists have argue the monetary policies of the central banks. Many economists, prominent of them
are Crook(2011), Romer (2011) Woodford (2013) have suggested that the US Federal Reserve and the
European Central Bank can adopt strategies to smooth out the fluctuations in nominal output. Bean (1983,
2013) suggested that nominal income targeting would be morugiree compared to the inflation
targeting. It also shows that policy of targeting nominal income produces an optimal response to demand
shocks and to productivity shocks if labor supply is inelastic. Sumner (1995, 2014) argues that stable
nominal GDP grath stabilizes employment and limits asset market instability. Nominal income targeting
can be expected to help limit asset price bubbles, by cutting the source of funds and availability of credit

created the bubbles.

Another argument relates to public déibEuro area, the sustainability of public debt or nominal debt to
nominal GDP ratio. Turner (2013) argues that targeting the nominal GDP would help predict the future

debt to GDP ratio; and in turn help better coordinate the monetary and fiscal policy.

Hallet (2015) argues that the measurement of real incomes and output gaps are difficult, this is especially
more challenging in case of economic union. This limitation is not only to the nominal income targeting
but also to Taylor rules. The nominal incetargeting is less effective if the distribution of income is more
unequal (or the share of capital in national income increases). The nominal income targeting approach is
seen to have both merits and drawbacks. In this analysis, the relationship &®veeminal GDP and

Divisia M2 monetaryaggregate is studied in the case of Markov regime switching model initially proposed
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by Hamilton (1989). In Hamilton (1989) the US real income was studied for the changes in the regime

using Markov chain process.

Feldstein and Stock (1993) studied the possibility of using M2 monetary aggregate as a target the quarterly
growth of nominal GDP, they found the relationship between M2 aggregate and nominal GDP to be strong
and the use of M2 aggregate in estimating nom@iaP is seen to reduce the annual GDP variance.
Belongia and Ireland (2015) have derived an approach to target the nominal GDP -s&ngnedel,
originally outlined by Working (1923). Barnett, Chauvet and Leigan (2015) have developed a dynamic
factor model approach to nowcast nominal GDP growth using Divisia M3 monetary aggregate into the

mode.

In this analysis, the focus is to analyze the contribution of the Divisia M2 monetary aggregate in prediction
of the change in the regime of the nominal GDRlie eleven European Monetary Union countiieshis

we proceed with discussing the model, the data and variables followed by results and conclusion.

Model

Let w denote stationary time series which is described by the firet ardoregression
=0 ¥y, ¥ (19

with-x § mh, which is assumed to describe the observed datb¥ds 2, ..... to Further assumed that

at time to there was a significant change in the average level of the series, the data now is described

according to

Y =6 Y, ¥ 20)
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for { =t 1g o1-+e- . Let § is a random variable that is a result of an institutional change, that is,

unobserved state of the system.
=6 Y. ¥ (21)

s=1t 2.1

§72 t i bgom

The probabilistic model that would describe the behavior afgh from$§ =1t S= 2, can be

specified by tow state Markov chain
Pre=j/s, 9.8, &k..¥i,¥.) B jEs,. 1) =p (22)

Assuming thatS is not directly observable, but can only be inferred fr§m The parameters necessary
to fully describe the probability law governiny, are, the variance of Gasian innovations?, the
autoregressive coefficiert, the two interceptd>;, and C, and two state transition probabilitiBs and

Po,. Lindgren (1978) and Baum et al (1980) estimated the model (3) and (4) with no autoregressive

element (F =0).
The conditional regime probability distribution given all observations up totime

X, =Prig =/ W) (23

for j =1, 2 The inference about the value §f based on akervations ofY, , this inference take the

form of probabilitiesXj, W SV, Y- Yo Yo} are observations of; andd is a vector of population
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parametes 0= (S, £C,C,, Py, Py)'. The inference is performed iteratively for= 1, 2,..T with stept

accepting as input values

X =P, A7 Wd) (24)
X; can be expressed as
2 2
_GaPXaf (25)
b W)

To perform this iteratiorﬁ]-t and f (yt /Wt_l;d) is required. The densities under two regimes is given by

_ _. _1 é,' (y < ﬁy-l)z
he=t(v /s =i Wd Tos expg t 5o (26)
And the conditional density of th&" observation is given by
F(y /Wd) =8 &.0X 40 (27

For the specified values df, the iterationX;; would allow to evaluate the conditional log likelihood of

the observed data
S
log f (V1 ¥z ¥ I Yod)=a log f(y / W, ;9 (28)
t=1

An estimate of the values dfcan tlen be obtained by maximizing (28n the estimation we have used
one, two, three and four autoregression process ansi®M3 monetary aggregate in the estimation of

the nominal GDP for eleven European Monetary Union countries.
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Data and Variables:

This paper has used quarterly data from first quarter 2003 to first quarter 2014. Our data for the monetary
services, thegpulations and consumer prices of the eleven EMU countries are acquired from the Statistical
Data Warehouse, which is the source provided on
banks of the member countries are also sources of some oftauiTHa household data on deposits and
interest rates are from the ECB for deposits at Monetary and Financial Institutions (MFI). The currency
data are from the central banks of member countries. The Divisia M2 aggregate index is constructed for the
11 Euopean Monetary Union (EMU) countries which include: Estonia, Finland, France, Germany, Ireland,
Italy, Luxembourg, Malta, Netherlands, Slovakia, and Slovenia. The Divisia M2 aggregate for these eleven
EMU countries will be referred to as EML1 in the papr. The construction of the Divisia index for the
EMU-11 is discussed in detail in Chapter 1. The quarterly nominal GDP data is acquired from the Database
of the EurostatThe nominal GDP and the Divisia monetary aggregate for BMUs logarithmically
differenced to attain stationarifihefigure 3.1 shows the nominal gdp for the EMUW countries and figure

3.2shows the yeanveryear percentage change of nominal GDP for the EMdountries.

38



Figure 3.1: Nominal GDP fahe union oEMU-11 counties.
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Results:

The Maximum likelihood estimates of the model are in Table 3.1 and 3.2. Table 3.1 represents the present

the maximum likelihood estimates of thesults of a model without Divisia M2 monetary aggregate. The

parameter estimate of thetoregressive variab¥ is small indicating that it does not explain the GDP to

a large extent. The probabilistic paramedstimater; has alarge standard error. Table 3.2 shows the

maximum likelihood estimain results of the model with Bisia M2 monetary aggregate. In this model

the parametr for the 10% change in the monetary aggreggiainssignificantly 2.2%change in nominal

GDP.

The table 3.3 and 3.4 present the results for the transition probabilities for thewithdekt andwith

Divisia M2 monetary aggregate. The model without the monetary aggregate show a very low probability

of persistence of the s&a®, that is, 3.4680. Whereas the model with the monetary aggregate shows a

higher probability of persistence of the state 2, that is, 0.46. The estimated regime probabilitie® with t

models is shown in figure 3.3 and 3.4. The figureshdws a longepersistencen state 2 compared to

figure 3.3

Table 3.1 Parameter estimates for model without the Divisia M2 monetary aggregate

Parameter Estimate SE t-values p-values
C 0.257250 0.093959 2.737897 0.0062
c, -0.617434 0.191849 -3.218338 0.0013
Py 3.671071 1.151669 3.187609 0.0014
Py 21.78538 54180.14 0.000402 0.9997
S -1.813087 0.127770 -14.19028  0.0000
f1 0.720645 0.198951 3.622228 0.0003
f2 0.210658 0.245904 0.856669 0.3916
f3 -0.071936 0.210395 -0.341910 0.7324
f -0.173536 0.182219 -0.952353  0.3409

N
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Table 3.2:Parameter estiates for model thatsed the Divisia M2 monetary aggregate

Parameter Estimate SE t-values p-values
C1 0.264407 0.136965 1.930464 0.0535
C, -0.607012 0.202218 -3.001763 0.0027
b, 3.675581 1.169619  3.142547  0.0017
P,, 0.125111 1.541155 0.081180 0.9353
dn 0.224539 0.096323 2.331103 0.0197
S -1.882354  0.129874  -14.49366 0.0000
f1 0.4374Q4 0.191806 2.280427 0.0226
f2 0.176637 0.187085 0.944152 0.3451
f3 0.365132 0.193249 1.889442 0.0588
f4 -0.184735 0.185125 -0.997893 0.3183

Table 3.3: Constant transition probélas for the estimation without the Divisia M2 monetary aggregate,

P(i,k)=P(s =k/ 8, ¥ row=i, column 5
1 2
1 0.975182 0.024818
2 1.000000 3.46E10

Table 3.4: Constant transition probabilities for the estimation with the Divisimdi2tary aggregate,

P(i,k) = P($ =k/ S; ¥ row =i, column =
1 2
1 0.975291 0.024709
2 0.531237 0.468763
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Figure 3.3 Markov switching regime probabilities for nominal GDP for model without the Divisia M2
monetary aggregate
Markov Switching Filtered Regime Probabilities
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Figure 3.4 Markov switching regime probabilities for nominal GDP for model with the Divisia M2
monetary aggregate
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Conclusion

Euro area is an economic union where it offerscthentries of Euro zongne possilility of targetingtheir

nominal incomes and also allowing the national policy makers to target their own national incomes. The
member countries of Euro zone are sovereign and they control nearly all the policy instruments outside
monetary policy. Bindr and Gross (2013) have estimated regime switching models for real income for a

few Euro area countries.

In this analysis for thanion ofeleven European Monetary Union countribg, inclusion oDivisia M2
monetary aggregatato the model along witthe nominal GDP autoregressive variables shows an
increase in performance of the model, this is indicated by an increase in the probability of persistence of
nominal GDP in state 2 (up to 2 quartem)is result igndicative and may need further substatidin. |
intend to perform the similar analysis for the eleven individual countries of the European Monetary Union

and also extend the period of analysis.
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Appendices
Appendix Al

Yearoveryear percentage change of the Divisia and simple sunetaagraggregates for Euro Area

countries.
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Appendix A2

Definitions:

Monetary and financial institutions (MFI) from the ECB Glossary: MFIs are Central Bank, resident
credit institutions as defined bymonunity law, and other resident financial institutions whose business is
to receive deposits and /or close substitutes for deposits from entities other than MFIs and for their own

account to grant credits and/or make investments in securities.

Overnight deosits from the ECB Glossary, deposits with rgay maturity: This instrument
category comprises mainly those sight/demand deposits that are fully transferable by check or similar
instrument. It also includes ndransferable deposits that are convertdsielemand or by close of business

the following day. Overnight deposits are included in M1 and hence in M2 and M3.

Deposits redeemable at notice (DRN) from the ECB Glossary: These deposits are savings deposits
for which the holder must respect a fixedipdrof notice before withdrawing the funds. In some cases
there is the possibility of withdrawing on demand a certain fixed amount in a specified period or of early

withdrawal subject to the payment of a penalty. Deposits redeemable at a period ofriatiteee months
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are included in M2 and hence in M3, while those with a longer period of notice are part of-themetary

longer term financial liabilities of the MFI sector.

Deposits with an agreed maturity (DAM) from the ECB Glossary: These depmsitisainly time
deposits with a given maturity that, depending on national practices, may be subject to the payment of a
penalty in the event of early withdrawal. Some maarketable debt instruments, such as-tmansferable
retail certificates of deposiare also included. Deposits with an agreed maturity of up to two years are
included in M2 and hence in M3, while those with an agreed maturity of over two years are included in the

norrmonetary long term financial liabilities of the MFI sector.

Non-profit institutions serving households (NPISH) from the Eurostat Glossary: These institutions
make up an institutional sector in the context of national accounts consistingmfafibmstitutions which
are not mainly financed and controlled by governmedtvaiich provide goods or services to households
for free or at prices that are not economically significant. Examples include churches and religious societies,
sports and other clubs, trade unions, and political parties. NPISH are privateariat prodaers which
are separate legal entities. Their main resources, apart from those derived from occasional sales, are derived
from voluntary contributions in cash or in kind from households in their capacity as consumers, from

payments made by general governtseand from property income.

Nonfinancial corporation (NFC) from the ECB Glossary: These firms are corporation of quasi
corporation that is not engaged in financial intermediation but is active primarily in the production of market

goods and ncfinandal services.
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Appendix A3

The yearoveryear percentage change for usest aggregate for EMU and EU unions.
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EMU 11 - P2 User-Cost Aggregate
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Appendix B
Appendix B1

Figure 2.1

Yearoveryear percentage change of the Divisia and simple sum monetary aggréay EMU11

countries.
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Appendix B2
Figure 2.2

Yearoveryear percentage change in Divisia and simple sum monetary aggregate for the unidd EMU
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