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ABSTRACT

The velocity of income\(1) is considered for the United States over the pestury, and
more thoroughly examined within the current conteiéhe financial crisis. With all inference
based on 1 percent significance testing, a Gra@gasality relationship from velocity growth
to real income growth formalizes velocity’s imparte. Its long- and short-run behavior is
estimated reserving a role for previous empiridérature and current extraordinary
stimulating packages. Fiscal policy in terms of lpuldebt accumulation appears to be
substantially negatively influencing velocity bef@av A negative Granger Causality linkage
from public debt growth to velocity growth makexase for a gradual run-down in public
debt.
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I INTRODUCTION

For a large part of the twentieth century there dabate in the field of macroeconomics
concerning the effectiveness of stimulating policgiween on the one side Keynes with his
followers, and on the other monetarists conducte&redman. As from the 1980s on, most
western governments took a Keynesian stance & iitiflation and pursuing stimulating

policy whenever needed. As a result of the formliglétack record of stable economic growth
ever since, it seems the dispute has been setledncingly in favor of the Keynesians.

However it's equally possible to reason the othaywaround by stating there hasn’'t been
much challenge during a recent considerable pesfotime — with substantial economic

growth resulting from inventions mainly in inform@t technology, there might haven’t been
much space for economic crises. Which version f&r@nce is right, may well become clear
after dealing with the aftermath of the economievdiurn that currently is still hitting our

western economies. In combating the economic dgyesiestern countries respect their
common view of intervening immediately and massiviel order to bring their economies

back on track. Recently the Federal Reserve dedmégect another $600bn high-powered
money into the world’s largest economy, while theiteld States’ public debt is noting the
highest level since WWII. Both fiscal and monetg@glicy are reaching upper limits: the

fiscal policy part is currently played out, as eveare of it would only raise further doubts on
the credibility of the United States being ablerépay their debts; and with respect to the
monetary policy part, the Fed is pushing its lifoit a long time now, since interest rates had
already reached lower bound levels of zero. Degpgitoric stimulating packages, economic
prosperity remains forthcoming. For economists amirse it's now interesting to investigate
why this happens, as it doesn’t seem to be causlety 9y lagged responses of stimulating
policy. The effectiveness of government’s singlmaeing credible instrument — monetary
policy — is being obstructed because of a staggationey multiplier on the one side, and a
weakening velocity on the other. Uncertainty antklaf confidence in the economy leading
agents rather to sit on their money than spendingy ikewise situation in the United States

during the Great Depression was later charactebyderiedman (1971) as:

“The holders of money are in metastable equilibrjuike a tumbler on its side on a flat
surface; they will be satisfied with whatever tlmeoaint of money happens to be” — Milton
Friedman, 1971

The velocity of income — as determined using thandgjty equation — can be regarded as an

approximation of economic activity, and its low i@nt value appears to be partly causing the
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disappointing results of the stimulating package$as. The concept has got a long history in
economic thinking, with William Petty (1664) beitige first to touch upon it in his “Verbum
Sapienti.” During this extended period of scrutigyite varying views on velocity passed by:
once it was just interpreted as being a constanta within the quantity of money
framework, whereas vis-a-vis it also served aslhsis for Fed’s monetary policy for a
certain period until the 1980s. The reason whyRbd abandoned velocity based monetary
targeting at that time, was the apparent breaksigenerally assumed upward trending path.
This unexpected and unexplained break in the wugloof income on the one hand
significantly reduced its usefulness for econonotigymaking, whereas on the other hand it
has attracted many researchers to the subjechgtrie explain the breakdown. In this
empirical literature, velocity is most conventidgalefined using the quantity equation with
M1 as the relevant money stock. Simdg is generally being held for transactional purpates
seems like the most appropriate money stock tomeefelocity upon in this study as well, as
velocity is about to be interpreted as a measurecohomic activity. This study aims at
contributing the body of research in order to gettdy insight in the behavior of velocity,
hopefully leading to a better understanding ofcdisrent low values. For that matter, the
starting point will be a basic money demand funtgtmonventionally rewritten into a velocity
function. With broad attention to the field’s emepal literature, this velocity function will
subsequently be extended by implementing in it,nmenpirical findings of past decades.
Together with policy related variables as put fawvay this study, the specification will be
used to estimate long- and short-run velocity badravith a sample covering economic data
of nearly a century. The estimation results finagrve as a foundation for velocity-based
recommendations regarding the policymaker’s chbetereen monetary or fiscal policy.

With the economic crisis hitting severely intoatstern world economies, a lot of interesting
cases for studying velocity are provided. Noneswle@pposed to the differentiated
stabilization packages within the European Unibe, relevant policy in the United States is
characterized by a more uniform approach due tgpteeence of one Federal Government
next to the Fed. Together with a long-standing Giad contrary to only a short-lived euro, it
seems that there have been fewer major interfdaciprs affecting United States’ data. On

behalf of these circumstances, the United Statkdeithe focus of work.

The study will take off quite basically in sectitin with general remarks about stimulating
policy and US Government stimulating behavior dgirhe current economic downturn. The

velocity concept will be introduced in section Mhere its importance within the previously
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sketched context will be explained. Section IV aesgteely discusses the main results of
previous empirical literature, whereas section ¥spnts the methodology accompanied by
the final velocity estimation. All data related gtiens are properly documented in the
appendix, to ease potential further research ontdpi. The final section concludes with

policy implications and furthermore provides oppoities and recommendations for further

research.



SECTION Il ECONOMIC POLICYMAKING

M. US GROWTH PERFORMANCE 1901-2009

A noble ambition for macroeconomic policymaking Wwbbe optimizing economic growth.

Slight differences in growth performance over cdagible time periods, show off vigorous
influences on standards of living, since sustaigealvth operates like compound interest.
Figure 2.1 shows the growth performance of the éshBtates during the past century — with

economic growth most conventionally defined asqgagita real output growth.

Figure 2.1:  Per Capita Real GNP Growth 1901-2009

% Annual Growth

Source: own computations based on NBER US histodiatdl & US Department of Commerce:
Bureau of Economic Analysis (real GNP); and US @erBureau (population statistics)

Frankly, the impact of economic growth can be llksttrated through periods with negative
growth. As can be told from the graph, the mosnpumced period of negative growth last
century was the Great Depression, with growth rafeabout minus ten percentage points
during a couple of years. These days of extremesnpp\are sure to be remembered and
illustrate the impact of growth differences on @aciety. Only after the WWiII-related

productivity boom, the US economy could be consdatefinitely back on track. The post
WWII period appears a lot more tranquil in growghns, with sustained periods of moderate

positive growth, and recessions paling into ingigance when compared to the Great



Depression. Once again the impact of growth ratabuistrated here, as post-war recessions
were everything but easygoing, with as most appgakample the actual economic severity.
Graphically the current economic downturn coul@adty pass for the most intense one since
WWII — thus letting aside the question whether we aready on top of things. The final
interpretation of the current crisis will entirelyepend on the amount of traction the

unprecedented stimulating packages are about ¢éoveec

.1 GENERALS ABOUT ECONOMIC POLICYMAKING

Concerning stimulative economic policy, there labé distinguished between expansionary
fiscal policy on the one hand, and expansionary etayy policy on the other. In case of
expansionary fiscal policy government is essentiedising public debt by either lowering

taxes, or increasing expenses. Monetary policyalee@d expansionary, when the monetary

authorities are basically expanding the capitalkeiar

With respect to the effectiveness of pursuing eitkied of policy, quite differing views
dominated the field of economics during the pastws. First there was Keynes proposing
an active role for the government in achieving @etoic prosperity, through eliminating
output gaps. In times of inadequate spending govem need to be expansionary, and when
the economy is about to get overheated a contratjopolicy serves best. In the view of
Keynes, fiscal policy was one of the most effectigels for short-run stabilization with
governments directly able to address inadequatadspg by simply raising government’s
purchases. The income-expenditure multiplier imtguaranteed efficiency, as spending
changes would be exceeded by output changes. ésult of Keynes’ focus on the short-run,
monetary policy could be pursued equally well ighfing recessions. With sticky prices, a
change in the quantity of money affects interegsavhich in turn would generate changes in
investment spending. Eventually, these changeaviestiment spending are to be magnified
into aggregate spending through the Keynesian pieiti

Contrary to Keynes, Friedman supported a governieinig reserved with economic policy.
Underscored by experience with the Great Depressienegarded government intervention
as rather being a reason for instability or aggiagaunstable economic conditions. Based
upon a more rigid distinction between real and mahvalues, his theory went particularly

into long-run economic behavior. Friedman was skapto pursuing fiscal policy, as there



wasn’'t much evidence for its effectiveness; althoung believed Keynes’ analysis to be
possible, he did not consider the way of reasoamgnquestionable. Especially Friedman’s
theories regarding monetary policy made noise onemic thinking, as he advocated a fixed
money growth rule to be optimal monetary policyingsmonetary policy as a short-term fine
tuning instrument ought to be everything but recanded, since the unpredictability in the
short-run relationship between money and nominabnme implies long and variable lags of
policy effects. In addition — contrary to Keynegredman believed the dichotomy between
nominal and real variables to hold to a larger mixte the short-run. As a consequence, much
of the short-run variation in the quantity of moneill be transformed into price changes
rather than real income changes. With a completbottomy in the long-run, long-term
monetary policy effects are to be strictly inflatgoy. Friedman’s view upon the effectiveness
of monetary policy made him conclude public’s iedris best served instead with a fixed
money growth rule. By consequence, both absendeflation and government intervention

would favorably lead to economies being less digdip

. 1 US GOVERNMENT POLICY TARGETS AND TOOLS

“Macroeconomic policymaking is a difficult and iract science. Policymakers do not
know the precise state of the economy, the futata pf the economy if no policy changes
are implemented, or the precise level of potemtiaput. They also have imperfect control
over policy instruments and imprecise knowledgethef effects of any policy changes.
Consequently, macroeconomic policymaking is an amtwell as a science” — Ben
Bernanke, 2007

Economic policy in the United States is nowadaysiaisly pursued from a Keynesian
perspective, with government intervening whenewsded in order to retain stable economic
growth. Formally the United States Congress cartsstthe authority uniquely entrusted with
fiscal policy powers. Borrowing or lending, raisimy cutting federal taxes are namely
determined to be acts that require continuous deamtiocaccountability. Among political
pressures, the extent of fiscal policy proclaimgd Gongress is determined with close
attention to macroeconomic indicators like the atitgap, the unemployment level, the
annual government deficit, and — not unimportatite-level of public debt.

The monetary policy powers have — once also dertioallg — been entrusted with the
Federal Reserve. With the Fed being unilaterallgharge of the money stock within the US



economy, it can be held primarily responsible igstained inflation. Keeping inflation within

bounds is crucial for a properly functioning ecorpmas both too high and too low inflation
disturb agents considerably in their natural proféximizing behavior. In this regard the Fed
doesn’t publicly announce an explicit numericallatibn target, but instead just got the
reputation of favoring low inflation. This reputati is extremely important to the Fed’s
capability of controlling inflation, since actualifiation is largely dependent upon public’'s

inflationary expectations.

In striving for mid-term price stability, Fed’s paipal tool is the open-market operation as
directed by the Federal Open Market Committee (FQMKhis essentially concerns the
buying or selling of Treasury securities from thgblic in exchange for money balances.
Formally the open-market operation can be exectitezligh both the money supply or the
interest rate — with de facto the one implying titleer as simply two sides of the same coin.
Most conventionally Fed sets its policy in termsttué federal funds rate, that represents the
rate that commercial banks charge each other fernight loans. The federal funds rate is
closely watched in financial markets, it being acteor for all sorts of interest rates across the
term structure. As a guide to Fed’s short-termragerate policy, the Taylor-rule can build

intuition by relating the federal funds rate toearflation and the output gap.

Over the past decades the Federal Reserve hasathgheen praised for its monetary policy.
With stable inflation and relatively mild infrequenecessions, this extended period has
already been characterized strikingly as “the &Maderation”. Goodfriend (2007) among
others, relates this decreased volatility to impbvommunication, as the Fed gradually
shifted from secrecy into transparency. As a resatkets would have become better able to
predict monetary policy, and thus are confrontetth\wéss uncertainty. Conversely, Stock and
Watson (2003) attribute Fed’s impressive track rég@redominantly to good luck in the form
of unusually quiescent macroeconomic shocks. Adagrdo their econometric modeling,
improved monetary policy can only be credited fenaall fraction of the decline in volatility.
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.1 US STIMULATING POLICY DURING THE CURRENT ANANCIAL
CRISIS

“Why was | invited to this party? Because you’hetone with the deep pockets” — derived

from James Hamilton, 2009

With respect to both fiscal and monetary policye&mment has been acting quite remarkable
during the current crisis. Not only the absoluteesiof stimulating measures are
unprecedented, but also the way they are execiMexkt to Congress, the Federal Reserve
namely performed some fiscal policy actions tooo@oend (2009) illustrates in this respect,
that contrary to pure monetary actions when theamniexchange of high-powered money for
Fed’'s Treasury securities, the Fed pursued pumditqguelicy by issuing private sector loans
with funds raised by the sale of its Treasury séesr Commonly Treasury securities on the
Fed’'s balance sheet are called “retired”, since Fed directly returns the Treasury most of
the received interest. However when the Fed inssedld these securities while holding the
economy’s stock of money constant, the Fed is ¢isdlgrraising public debt. Besides this, a
combination of monetary and credit policy is exeduvhen the Fed issued large amounts of
high-powered money in exchange for risky privateficial assets. Although these Fed credit
policy initiatives are definitely caused by themwil in credit markets and the particular
urgency for quick action, central bank’s indepermdem the monetary system has been
eroded partly as well. According this independetiee Fed should not be involved in fiscal
policy matters where to allocate public funds, dynp keep politicians at safe distance from
money-printing powers. Government’s extensive figdicy measures created an awful lot
of public debt last years. Figure 2.2 shows theligm of public debt over the past fifty
years, together with the amount of high-powered eyooutstanding in the economy — both

expressed in billions of US dollars.
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Figure 2.2:  Policy Evaluation 1960-2009
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Figure 2.2 clearlyshows the immense magnitude overnment’s stimulating packag—
with public debt increasing at a rapid pace andeba®ney reaching time heights.
Although the federal funds rate is hitting the loweund of zero for quite an extended pe!
now, the Fed has still been capable to pour money intoettmnomy as a result of
“interest-on+eserves regime”. By paying interest on excessries the Fed got better al
to control the fedal funds rate, that normally would have been egdd® unmanageable
downward pressure due to the ongr quantitative easing. Furthermore because of thig
regime financial institutions are no longer contexhwith the so called “te-on-reserves” —
so it has become less burdens for these institutionsot hold that amount of reserves
which they can safely make loans to the publicragsliost importantly, this unconventior
regime opened the possibility for the Fed to purgsiemonetary policy independently
interest rate policy. On that account Fed can continue its quantitative easing prac in
order to spur US recovery, aiming at a higher tidla level that is particularly favorab

since high debt loads are being redu
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.V STIMULATING POLICY RESULTS

“Simply stated, the brightew financial system for all its talented participants, for all |
rich rewards -has failed the test of the market place. To meetctrallenge, the Fedel
Reserve judged it necessary to take actions thahdxo the very edge of its lawful a
implied powers, transcending certain long embedded atebtinking principles an

practices” —Paul Volcker, 200

As Volcker put it aptly, the extreme circumstanat the beginning of this crisis with a lot
events threatening the stability of the globinancial system have pushed the Fed

creative policymaking, away from its long embeddedtral bankingractices. Obviously th
Fed hastaken away market's biggest fears and for the mpast succeeded in returnil
consumer confidence in the finan system. But in spite of ik achievement, the results
government’s stimulating policy (theUS economy are only to be called moderate so fa
Figure 2.3 shows, unemployment is still balancibhg @& 0% level while economic grow
effects already amgar to be over the hil

Figure 2.3  Economic Conditions 2000-2010
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Source: US Department of Commerce: Bureau of Ecimé&melysis (quarterl real gnp date; and US
Department of Labor: Bureau of Labor Statis (quarterly data on unemployment r:

To keep the US economy goinovernment still feels a need for further stimulgtpackage
with a predominant focus on monetary policy, as dhelling public debt made it drop t
exorbitant fiscal policy. Notwithstanding t considerable expansion of base money the
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years, Fed will keep travelling the same path least for the coming monttisDespite an
impressive tripling of the pre-crisis monetary haBed’s intentions to expand the capital
markets are of limited effect so far. In Figure thi is illustrated by the development of the

core inflation rate, that remains well below Fe@sporarily higher-than-normal target.

Figure 2.4.  Inflation Rafe& Money Multiplier® 2000-2010
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Notes: (a) rate of change CPI, all items less foogh&rgy (b) defined as M1/MO
Source: US Department of Labor: Bureau of LabotiSies (quarterly CPI data); and IMF international
financial statistics (quarterly data on monetargragates)

As already pointed out by many economists, Fedsonwentional and untested policy of

flooding the market with cash involves the riskwfcontrollable inflation. In this respect

Hamilton (2009) emphasizes the need for a credikiestrategy of Fed’s policy, noting that

every hyper-inflation in history had the two ingiats of an enormous amount of public debt
and a central bank that has acquired the tasteeafiog money. However currently the Fed is
still dealing with a lack of traction of its recosdimulus. The economy’s effective money
supply is only being loosely affected, due to aystéded money multiplier and a low-valued
velocity; both related to uncertainty and rootear$éeremaining from the credit crunch. Figure
2.4 shows the current low money multiplier valugglicating commercial banks are just
stockpiling reserves instead of making new loanshm marketplace. Low values for the
velocity of income are furthermore implying that mey that has actually made it to the
public, circulates only slowly thereby demonstrgtpublic’'s ongoing preference for saving

over spending.

! As of November 3, 2010, the Fed announced to ekfiamstock of high-powered money by another $600
billion.
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In Keynesian thinking a rather extreme economiaasion is described where monetary
policy is ought to be ineffective. According to Kes, monetary policy primarily worked
through the interest rate as an increase in theegnetock would lower interest rates, hence
affecting output positively. Though a strictly thetical case is distinguished by Keynes,
where monetary policy would be of no effect to aggite spending. In this casealfsolute
liquidity preferencea change in the economy’s money stock will néiluance the interest
rate because of ultrasensitive money demand; aheidhipwering of the interest rate through
central bank’s purchase of treasury securitiegjdeaoney holders to absorb all the extra
money balances as they hold firm expectations wapect to the interest rate level. The
highly elastic demand for money makes sure foirthesase in the money supply to be of no
effect on both the interest rate and aggregate dspgnsince the increase is only being
passively transformed into low velocity values. Withstanding Keynes was only pointing at
a strictly theoretical situation, there are sommaxkable parallels with the current US
economic situation. Monetary policy initiatives lat appeared to be really output
enhancing so far and could equally well have beamstormed into low velocity values, all
the more since the interest rate mechanism is léidadi the zero lower bound. To improve
insight into the velocity of income as one of thestacles to Fed’s monetary policy, the next
section will specify this variable more formallypviestigate its behavior during the past

century and illustrate its importance to our ecopom
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SECTION Il MAIN CHARACTERISTICS OF THE VELOCITY & INCOME

.1 DETERMINATION OF INCOME VELOCITY

Essentially income velocity embodies the speedhathvmoney changes hands, which may
clarify its other customary name being “velocitiyarculation”. It is not only a measure for
economic activity intuitively, but also by defimti. Conventionally velocity of income is
defined by means of the quantity equation, throtlgh division of nominal output by a

specific monetary aggregate.
V=PY/M (3.1)

Hence the monetary aggregate of interest determvhas kind of velocity values will exactly
turn up. In this respect, Lucas (2000) makes a fradd1 by arguing this money aggregate is
basically being held to execute final good transast and so would incorporate most
accurately money’s role as a medium of exchanges Ehvelocity measure based i —
henceforth denoted a1 — would make sense in approximating economic iygtias it
indicates the speed at which this “transaction eysnactually is being used in performing
final good transactions. However usiNil entails the rub of the aggregate being disturbed
ever since 1994, when the Federal Reserve agreaul the use of so-called “retail sweep
programs” by depository institutions. Anderson aRdsche (2001) describe this type of
computer software as creating the opportunity fommercial banks to sweep money
balances from consumer’s transaction balances + #&ha subject to Fed’'s reserve
requirements — into money market deposit fundsat ¢mtail a zero reserve requirement. In
effect this computer software on the one hand rediube “tax-on-reserves” largely, but on
the other implied downward-biasddl estimates. Nevertheless, in order to producehielia
velocity estimates, in this studyl values are corrected with Fed’s estimations ornirttpact

of sweep programs.

A major result in long-run velocity analysis hasowin to be the institutional approach
pioneered by Wicksell (1935), and further developed series of papers by Bordo and
Jonung during the 1980s. This approach providesaeagion for the U-shape in long-run

velocity behavior which is generally being obseraedoss countries through history. For the

-16 -



US, the downward trend already commenced prio©tland persisted until the post-WWII
increase in velocity took off, that finally expir@dthe 1980s.

Figure 3.1:  Long-run behavior &f12 1915-2009
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The institutional approach related velocity’s dovamd/trend to monetization because of both,
increased importance of money in settling transastand the spread of commercial banking.
With more and more money being offered, the netesdicirculation declined. The post-
WWII increase in turn, is supposedly related to th&oduction of alternative financial
instruments that together with increased econotaigilgy made agents economize upon their

cash balances.

As a measure of economic activity, velocity gergnases during expansions and falls during
downturns. This pro-cyclical behavior of velocitgncclearly be observed in Figure 3.2 by the
co-movement of velocity growth and real GNP periteagrowth:
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Figure 3.2:  Procyclicality o¥/1: 1916-2009
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.1 VELOCITY’'S RELEVANCE

“The importance of the concept [of monetary vetpkctan scarcely be denied. A given change in
the quantity of money will have widely varying effe on the level of prices and incomes,

depending on the behavior of monetary velocityRiehard Selden, 1956

Within the original quantity theory of money framenk, effectiveness of expansionary
monetary policy was unquestioned. With velocityateel as a constant — simply reflecting
payment technologies — increases in monetary agtgegcertainly would affect nominal
output levels. Variability in velocity values pravehis theory to be erroneous and by
consequence reduced the economic basis for mastethmking. A little later Friedman

(1956) restated the quantity theory and retrievedimportance of money to nhominal output
by pointing at the relevance of velocity behaviSuccessful estimation of velocity again

would imply monetary changes to be generating ptaldie changes in aggregate spending.
“You can lead a horse to water, but you can’t maka drink” — Paul Samuelson, 1948
In my opinion velocity is not only important in @emnining to which extent monetary policy

is about to be effective, but rather is crucialdetermining whether short term monetary
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policy is effective at all. When an increase Nhis matched by an equal decreaseVin
monetary policy is ineffective as nominal outputllwemain unaffected; velocity’'s pro-
cyclical nature in turn, assures we are not juséssing a strictly theoretical case here. Diving
velocity values historically have been related toded confidence about the state of the
economy, like Selden (1956) attributed the sharpline in velocity during the Great
Depression to the threat of reduced incomes anthployment. With agents rather building
contingency reserves than letting their money fltve, effectiveness of short-term monetary
policy comes at danger. Thus instead of simplyn@gkielocity behavior for granted, monetary
authorities should strive for high velocity values order to safeguard monetary policy

effects.

When turned to long-run economic behavior, thevietee of high velocity values just seems
to be intensified. Straightforward interpretatiointiee quantity equation suggests a long-run
change in the economy’s money stock to be entiralysformed into price changes, which
consequently implies long-run velocity changes & fblly affecting real output growth.

However — in fact — this way of reasoning wouldyomake sense when velocity growth
would actually cause output growth, instead of egyojust being one of the results of output

growth.

1. 1l WHAT CAUSES WHAT: A FORMAL ANALYSIS

To evaluate this theoretical reasoning more forynétle concept oGranger Causalitycan be

applied to investigate the direction of causalgmeen real income and velocity growth. This
concept of causality originates from Granger (196@)d identifies a one-way causal
relationship as soon as a lagged value of variabatistically improves an estimated
relationship fory based on its own history, whereas the lagged Valug hasn’t got similar

predictive value in a likewise estimation farWith respect to the econometric investigation
of Granger Causality this study complies with W&0Q7), who has applied this causality

concept to evaluate causal linkages among consampmutput and investment growth.

To start with an indication of the causal relatitips between the variables, first the
simplified Granger Causality test can be appliedthWjuarterly real GNP an&¥1 data

covering the period 1915-2010, equations (3.2) @8) are set up to estimate both growth
rates on their own history and the lagged otherabéa. Growth rates are conventionally
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defined as the first derivative of the variablelagarithmic terms, withAy, denoting the
growth rate of real output, ankb, denoting velocity’s growth rate:values are reported in
parentheses with the 1% significance level (dentitezlighout by an asterisk) being + 2.58:

Ay, = 0.003 + 0.63Ay;_; — 0.15Ay,_, + 0.26Ay,_5 — 0.12Ay,_, — 0.22Av,_, (3.2)
(2.79)* (9.21)* (-2.83) (4.86)* (-2.45) (-4.19)*

Av, = 0.0004 + 0.29Av,_; — 0.18Av,_, + 0.18Av,_5 — 0.05Av,_, + 0.10Ay,_, (3.3)
(0.24) (4.01)* (-3.36)* (3.31)* (-1.02) (1.12)

The estimation of real output growth is clearly megted by including past velocity growth,
whereas past output growth doesn’t seem to haviameqory power with respect to velocity
growth. These results imply a one-way causal wlahip of velocity growth onto real

income growth.

Further econometric evaluation however is requit@ddeal with potential non-invertible
moving average components within one of the grovetes. Invertible moving average
processes contain the property to be reformulateda stationary autoregressive model with
converging parameters. Non-invertible moving averagpdels on the other hand, cannot be
rewritten into a finite autoregressive represeatatas its coefficients will not converge —
implying the variable’s finite history won't be digient for adequate estimation of its current
value. When in this case of a non-invertible movengerage model, subsequently other
variables are added to the estimation of the comckvariable on its own finite history, these
added other variables may render erroneously stgnif results leading to biased conclusions
with respect to Granger Causality. To eliminates ghotential biased inference, Wen (2007)
used a two-stage regression procedure of primasiiiynating an optimal ARMAxq) model,
after which the residuals of this model are deéidaio be the dependent variable in the
second step of the procedure. This second stefyfie@aluates — like an extended form of
Granger Causality — the significance of anothepéavariable in predicting the estimated
residual series. The ARMA(g) model has been set up in accordance witog-Jenkins
procedure that first requires a stationarity cRexfkooth variables, after which the number of
autoregressive terny and moving average termscan be determined with the help of the
autocorrelation function (ACF) and the partial aaiwelation function (PACF). Lastly,

misspecification has to be ruled out by verifyidgg@nce of residual autocorrelation.

2 Stationarity issues are discussed in section Mane detail.
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After a satisfactory stationarity check for bothmieg, an ARMA(3,2) model turned out to be
optimal for modeling real output growth, whereash#(1) model has shown up being the
best fit for velocity growth. Both models are spieci below:

A:Yt == 0.007 - 0-28Ayt—1 - O.39Ayt_2 + O.39Ayt_3 + (":t + 0.7281\:_1 + O.Sggt_z (34)

410 (210§ (-4.36)* (7.13)* (528  (4.79)*
Avt = 0.001 + T]t + O.37T’t_1 (35)
(0.80) (7.79)*

Note: (a)t-value is significant at 5% with critical valuesifig+ 1.96

With a minimized number of significant terms andetice of residual autocorrelation, both
models show up satisfactory. The estimated ressdagd now to be used as the dependent
variables in both second-stage regressions. EquéBi®) examines the predictive value of
the lagged growth rate of velocity on the estimatsiduals of real output growth, whereas
equation (3.7) considers the predictive value efldgged growth rate of real output growth

on the estimated residuals of velocity growth:

g = 0.0001 — 0.10Av,_, (3.6)
(0.13) (-2.85)
1, = —0.000002 + 0.004Ay,_, (3.7)
(0.00) (0.06)

Again highly significant values for velocity growth equation (3.6) are pointing at Granger
Causality from velocity growth to real output gréwvivhile equation (3.7) confirms earlier
results of a merely one-way linkage as the laggedvilp rate of real GNP doesn’t contain
explanatory power for velocity growth.

After applying the two-stage regression procedbte ts able to cope with bias from non-
invertible moving average components, the conchssare still pointing in the same direction
with a one-way Granger Causality linkage betwednoiy growth and real output growth.
By means of this formal testing, velocity growtlsleppeared to cause output growth, thereby
making a strong case for investigating velocitycsigEations in more detail.
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SECTION IV LITERATURE REVIEW

“In the developed quantity theory of money (.hgte has always been a weak spot, namely, the
velocity of circulation. The Quantity of Money is @bservable phenomenon, and the proximate
causes, at least, which govern it, may be specffiefiVelocity is also observable, but the causes

which govern it are less easy to distinguish” -yRtarrod, 1936

AV SPECIFICATION REMARKS

To approximate velocity econometrically, the gehexpproach has been to combine a
conventional money demand function with the qugngtjuation. Formally the money

demand function is then stated as:

== L Re) (4.1)
t

where the quantity of real money demanded is depgngbsitively upon real transactions
volume y; and negatively upon the interest rdtg a measure of opportunity costs. After
subsequently approximatiigy;, R;) in the following forme?o y!* e~*2R¢ (thereby assuming
the parameters;; andy,, to have positive values), a logarithmic transfation yields the

conventional money demand function:

log (M/P;) = yo + v1logy: — v2R: 4.2)

By means of the quantity equation this can be téswriinto a velocity functiof,:

logVe = (1 —y1)logy: — vo + v2R: (4.3)
Because this last rewriting into the velocity fuantjust uses the quantity equation — which
holds by definition — the link between money demand velocity becomes clear as it shows
up that estimation augmentations concerning thecityl of income are apparently to be made

in the context of the money demand specificatio(dd®).

After this formal derivation of our velocity funot, below mentioned velocity function (4.4)

will be used as a base for further econometricyeinsl

logVy = By + B1logy: + B2R; (4.4)
where economic theory suggests the elastfgitio be positive, since higher opportunity costs
would imply money to switch hands at a faster p#oe;elasticitys; theoretically can be both
positive or negative, however intuitively we wowddpect a positive value with a heating

economy calling for higher money circulation.
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Because of the close linkage between money demaddvalocity, both concepts are
interchangeably used in economic literature. Edtimgain velocity terms entails an
interpretational advantage since it can be effettivelated to the economy’s nominal output
level by means of the quantity equation. Until fi880s there was considerable stability in

money demand, as can be told from the clear uptwand in velocity in Figure 4.1:

Figure 4.1:  BreakdowN1trend (1970Q1-2010Q2)
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Source: own computations based on NBER US histadimi@ & IMF international financial statistics

The apparent stability in short-run money demaresé¢hdays, gave the Federal Reserve the
ability to pursue monetary targeting accuratelytiithe Fed relying on the upward velocity
trend, the subsequent break initially caused allocsdion of the economy’s stock of money.
Velocity was being overestimated, leading to unstareation of money demand and so a
temporary shortage of money. After this break, BPod988) among others considered it
unwise just to rely on a thirty year old velociterd, instead of carefully examining the
underlying determinants. With respect to a monefaolcy rule in general, Feldstein and
Stock (1996) quite strikingly observe a trade-offtviieen controllability of monetary
aggregates and the corresponding strength of thede to nominal output. The initial
accurateness of Fed’s respective well controllabtnetary policy rule was outstanding,
however got eclipsed by the break and ended firealyhe most pronounced confirmation of
Goodhart’'s Law(1975). This Law predicts any observed statistregjularity to collapse
sooner or later, pre-eminently when pressure isgolaipon it as a result of it being used for
control purposes. Closely related to thecas Critique the Law is founded on the recurrent

inadequacy in econometric modeling not to propadgount for estimation deviations that
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stem from different policy making behavior — so fact, the estimated model is solely
applicable in an unchanged policy environment. Aplication of the Law for central banks
now is, to resist the temptation of using a singtlgistical regularity instead of dealing with
the total complex of macroeconomic factors andrtiméernal relationships. Compatible with
Goodhart’s Law, this study aims at improving celnbrank’s information provision rather

than deriving an indisputable monetary policy rule.

AV | RELATED LITERATURE

The break and subsequent substantial and unprieldicshifts in money demand are to a
considerable extent related to innovations in tharcial system. Nonetheless an interesting
body of research emerged ever since with varyiragess, trying to explain the break more
specifically in order to restore stability in theelecity function. The most important

contributions of past decades with respect to #lecity function are summarized below.

As already touched upon in section Ill, Bordo anduhg (1981) made an attempt to explain
and model velocity’s long-run behavior in an infitial series of papers during the 1980s,
where they gave the Wicksellian institutional vhlea approach a personal interpretation.
Although the U-shape is generally observable \faras well asV2, they explicitly chose
throughout to work withM2; not only on account of it being the sole monetaggregate
available for their extensive time-span, but alsoduse they reason®t® to be less disturbed
by financial innovation and hence better comparadbeoss countries. Founded upon
institutional factors that would bring about suhgions between monetary assets, they
attributed velocity’s downward trend to the procesmonetization whereas the upward trend
was related to agents economizing upon their cadthintgs. To model these aspects, they
distinguished four institutional variables. Witlspect to the downward trend they considered
both the spread of commercial banking — approxichbiethe currency money ratio — and the
gradual decline of barter, that was ought to basteded into the share of the labor force
active in the non-agricultural sector. They expedtee currency money ratio to be negatively
correlated with the spread of commercial banking trus positively related with velocity,
whereas the share of non-agricultural labor inl fataor ought to be correlated positively with
the spread of the money economy, and hence nelyatwté velocity. Regarding the upward

trend of economizing upon cash holdings, they nligished between both financial
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sophistication — approximated by the share of namkbfinancial assets in total financial
assets — and economic stability, as indicated bix gear moving standard deviation of the
annual percentage change in real per capita incohmeformer variable was expected to be
positively correlated with financial sophisticatiamd hence ought to be positively related
with velocity, whereas the latter is considerethéonegatively related with economic stability

and hence should enter the velocity function witlegative sign.

Since Bordo and Jonung’s initial paper didn’t acdquroperly for possible unit root behavior
in time series data — as correctly noted by Raj Siktbs (1988) — a revised version with an
extended sample was published in 1989. This rewseslon investigates ann2 behavior

in the United States, United Kingdom, Canada, Swexted Norway for the period 1880 to
1986. Together with the four mentioned institutionariables, the benchmark velocity
equation (4.4) was further modified by enteringhbgal per capita permanent income as a
proxy for transaction balances, and another vagiatycle” that was about to incorporate the
effect of transitory income on velocity behavian. drder to deal with unit root behavior a
rates-of-change specification was used, with ailades in logarithms except the interest rate
— henceforth a “semi-log specification”. In thesstimation ofV2 behavior, they only found
two out of the four institutional variables sigedint at the 5% level, in addition to the more
basic determinants as the interest rate and reml cppita permanent income. With
significance of the currency money ratio and tinaricial sophistication variable, the U-shape
appears to be modeled successfully as the formme&abla represented the downward trend
whereas the latter concerned the upward. Finam@edgulation in the 1980s has been put
forward as to be causing both a renewed spreadmimercial banking, and an increasing
share of non-bank financial assets. The importasfcthe labor share in non-agricultural
pursuits in the estimation is logically weakenitgough time, as the transition away from
barter doesn’t play a part anymore. Finally Bordd donung interpreted the significance of
their variable “cycle” across countries, as confingVV2's pro-cyclical nature.
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A remarkable aspect of an extended internationat-@dNIl velocity study by Bordo and
Jonung (1987a), are the considerable absolute teffetences irvV1 as well as irvV2 across
the 84 countries investigated. Primarily they httte these differences to countries being at
different stages of financial development; with soaiready being on the upward velocity
trend, while others are still hitting downwards. Métheless when considering solely high-
income OECD countries, there still are substaMibatifferences to be found. For Australia,
Japan, Switzerland and the United States thitustilited in Figure 4.2, where these countries

exhibit absoluté/1 differences up to a factor 5 during the past desad

Figure 4.2: V1in Australia, Japan, Switzerlah&l the US: 1975-2009
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Among the many factors influencing velocity valussross countries, at first definitional
disturbances might arise due to measurement ingtensies with respect td1 aggregates.
Standards for compiling monetary aggregates ardighgal by the IMF only for a decade
now? Nonetheless, countries still can be faced with sneament issues like the already in
section Il mentioned sweep accounts for the USarAfrom this, the striking differences in
absoluteV1 levels for Australia and the US vis-a-vis Japad 8witzerland might be related
to historical differences in interest and inflaticates; with higher opportunity costs in the
former countries causing higher money circulati@wverall stagnation of the Japanese

economy during the past decades might have cau$edhar Japanese drop Wil values,

3 As of 2000 the IMF has published its “Monetarydafinancial Statistics Manual” with guidelines fibre
computation of monetary aggregates.
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whereas Swiss floor values in turn are indisputablgted to its nature of being a banking

country with relatively higiM1 composites.

Research by Stock and Watson (1993) pointed aintpertance of extensive data samples
when studying long-run money demand. With a sinsplai-log specification for monei()
demand using annual data, they found a stable mdamand relationship over the period
1900-1989 with an income elasticity near one andirderest semi-elasticity near -0.1.
However when their sample was divided into a pre-aad a post-war sample, the latter
turned out to generate an unstaldie demand function in the sense of the income aretast
rate elasticities being both highly dependent @nekact estimation specification and greatly
varying across their different proposed estimat@d/een instead monthly post-war data are
used at first there appeared to be less disagréeameong the different estimators of the
income elasticity and interest semi-elasticity, koer these results had shown to be
misleading with estimates being highly sensitivéhi® sampling termination date. Stock and
Watson relate unstable money demand after WWlh¢oabsence of growth in real balances
until 1982, by which the post-war data wouldn’tl teluch about the parameters of the
cointegrating relationship and merely generatesnd kf ratio between the elasticities of
income and the interest rate. Nonetheless whelasiigears of their sample were included as
well, multicollinearity between income and the net& rate declined leading to considerable

changes in point estimates that gradually becanre netiable

In a Ramsey-Cass-Koopmans model Gorebal. (1997) investigat®0 trends with quarterly
data covering the period 1960-1997. Although thia@ns recognized their choice 0 to

be quite unconventional, they made an attempt stfyuit by pointing at comparable time
patterns oM1 andMO. However in my opinio’V0 values contain considerably less valuable
information for monetary authorities, with the gahtbank essentially being perfectly in
charge ofVO through its full command of the monetary base.d8oret al. convert in their
general equilibrium model effects of monetary amscdl policy expectations into the
expected returns of nominal vis-a-vis real assdtsus the policy expectations would finally
influence agents’ portfolio decisions. These pdidfdecisions regarding substitution between
nominal and real assets in turn would produce viglanovements. They argued expansive
fiscal policy in the sense of nominal liability ateon to pull agents into real assets that are to
become relatively less taxed, whereas contractyopaticy would increase real taxes and

consequently induce agents to shift into nominaktss including money. In this respect a
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shift into real assets generates lower short-teromay demand, and hence would imply
higher velocity values. Expansive monetary polioytloe other side produces increases in real
money balances, thereby heightening the opportwasys of holding money, leading agents
to substitute out of money into real assets thalliy got the effect of higher short-term
velocity values as well. Applying various simulaisofor the conversion of past economic
information into agents’ expectations, they founxpextations simulated by means of
Bayesian updatingo produce reasonable results in estimating vigldoends — which made
them emphasize the importance of policy expectatiom VO behavior. With portfolio
decisions based on the valuation of money as at,aSerdoret al. gave a rather Keynesian
touch to the interpretation of velocity, whereastl® underlying study on the contrary
velocity is interpreted as a measure of activitingedependent upon agents’ assessment of
the current general economic situation with metieé/nominal interest rate showing money’s

relative value as an asset.

In order to measure opportunity costs for holdihh adequately in studying money demand,
Ball (2002) pointed at the importance of lookingitat closest substitutes. As the closest
substitute forM1 he defined “near-monies”, essentially consistiofyzero maturity bank-
accounts not included iM1. More specifically this concerned money market a$&p
accounts, retail money market mutual funds, andngavaccounts — all representing liquid
parts ofM2. The interest rate on these individual parts m @re weighted by their shares in
M2, in order to construct the final interest rater@ar-monies. With 1960 as the first year
with data on the interest rate on near monies &88 hs the termination date — related to
measurement complications arising from sweep adsounthe investigated sample of
guarterly data is rather short. Nonetheless a estialolg-run money demand function showed
up, with an income elasticity of 0.47 and an indérate semi-elasticity of -0.082. In order to
estimate the short-run dynamics of money demand, Bad a Partial Adjustment Model.
Estimation results pointed at faster adjustmentnvbging the interest rate on near monies
instead of the Treasury Bill rate. In addition stkhort-run specification again implied stable
parameter values. Ball attributed the apparentilgjato the circumstance that his interest

rate on near monies is being comparably — likeaisle- influenced by financial innovation.

An alternative explanation for velocity’s pro-cyeadi behavior is provided by a study of Le&o
(2005) where he proposed the pro-cyclicality tachesed by the varying compilation of total
expenditures during crises and business expansianshis respect, Ledo distinguished
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between expenditures related to durable consumpgmort, and investment goods on the
one hand (DGEI), and expenditures related to naidergoods and services (NDGS) on the
other. Money involved in expenditures of DGEI gextigrdisplays higher velocity values than
expenditures related to NDGS, as agents usuallghggnize their expenditures of the former
category with the moment that liquid capital hasdme available. With the share of DGEI in
total expenditures increasing during expansions @gegateasing during downturns, the pro-
cyclical movement of velocity is hence being al&gively interpreted. In this regard Leé&o
used in his quarterly/1 specification over the period 1982-2003 the exgiary variable
“Weight”, representing the share of DGEI in aggate expenditures. Furthermore he
specified the volatility ofM1 — as indicated by the standard deviationMf — as an
explanatory variable with an expected negative,digised on reasoning by Friedman (1984)
that volatility inM1 would imply uncertainty that pushes agents intmeyobalances thereby
lowering velocity values. To include the impact radn-real GDP transactions on velocity
behavior! Ledo used the ratio of the money stddB and M1 as one of the explanatory
variables. An increase in non-GDP transactions déed agents out df13 into demand for
M1, implying lower values of this ratio that are cegsently accompanied by low&1
values. In order to investigate the influencepddfied variables on velocity behavior, Ledo
used a long-run semi-log specification accompahied short-run Error Correction Model. In
the long-run cointegrating relationship all justrtiened variables turned out to be significant
with expected signs, whereas in the short run §pation only theM1 volatility variable

dropped out being insignificant.

In order to determine whether a basic log-log anideg specification fits best long-run
demand foM1, Ireland (2008) used merely the interest ratexapsaeatory variable since he
imposed the restriction of a unitary income elatsticie illustrated the relevance of his study
by pointing at the differences between the onethadther specification in terms of the costs
of inflation as indicated by a percentage of reBIRGthese inflation costs are subsequently
compared to optimal monetary policy as proposedrtigdman (1969a) based upon a zero
nominal interest rate. Following Lucas (2000) oe tletermination of inflation costs implied
by the money demand distortion of a positive nomingerest rate, the costs of inflation
appear to be significantly higher when money denfédad log-log specification. Related to
financial deregulation of the 1980s, Ireland disarsva log-log specification to better fit his

pre-1980 annual data, whereas the semi-log spatific outstands on the 1980-2006 period

* E.g. the purchase of real estate.
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with quarterly data. According Ireland’s analysibkis functional shift in money demand
reduces the welfare costs of inflation, makingrargier case for Fed’s current policy of low
but positive inflation rates instead of Friedmareso nominal interest rate rule.

A recent study by Rao and Kumar (2009) investigatedual long-rurM1 demand over the
period 1960-2008. A semi-log specification with tumcome elasticity was augmented by
including variables for the inflation rate and &l exchange rate next to a trend variable.
The inflation and real exchange rate variablesiackided to better proxy the opportunity
costs of holding money and were expected to emternioney demand equation with a
negative sign, whereas the trend variable shouldcéeturing advances in payment
technologies, and hence would also be expectednter enegatively. In the subsequent
estimated long-run model all introduced variablesveed up significantly and correctly
signed. Using single structural break tests, thabildty of this long-run cointegrating
relationship was largely confirmed, with only weakidence for a break in 1998. Yet the
break was accounted for in their short-run moneynated model, that yielded rather
unsatisfactory results in terms of a lo-®lue together with problematic misspecification

test results.
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SECTION V EMPIRICAL RESEARCH

“Velocity and its determinants lie at the centétang-running debates about the effects of

macroeconomic policies” — David Gordon, 1997

With derivation of the Granger Causality linkage $ection Ill, the importance o¥1
(henceforth “velocity”) to output growth was forly established. In the current economic
context with high public debts and extensive maryetalicy, velocity should be brought
even more to the fore. As an indication for conficke and a solution to ineffective monetary
policy, high velocity values are currently desigablo this matter, a proper insight in velocity
and hence a good estimation of its behavior coadvaluable. As already shown in the
previous section, several attempts have been nmaglgtimating velocity behavior adequately
— whether in the context of money demand or nogé piirpose of this study is to contribute to
this literature, making an attempt to incorpordie ¢€xtraordinary economic circumstances in

terms of stimulating policy.

V.| METHODOLOGY

To provide adequate insight into velocity behavioe Engle-Grangertwo step procedure
(1987, EG-procedure) will be applied. This procedprovides the opportunity of specifying
both long-run and short-run behavior for varialtlest may contain unit root properties. In
order to derive a non-misspecified long-run relagidp between variables that behave like
random walks, the first step obliges to verify\atiables to be integrated of equal order. The
order of integration can be determined by mearsnofAugmented Dickey-Fuller test (ADF-
test); unit root behavior in levels, and subsequeationarity in first differences imply a
variable to be integrated of order one, I(1). ARatisfactory test results regarding the order of
integration, a cointegrating relationship betwdagse variables might be present. In general,
cointegration can be assumed if residuals of thetegrating relationship are stationary in
levels. Critical values reported in statisticalta@ire are generally unreliable for performing
an ADF-test on residuals, because these valuedeaireed conditional on the actual existence
of the cointegrating relationship. With these cati values functioning merely as an
indication, existence of cointegration will be Vexd at the second step of the EG-procedure

according thdengle Representation Theorem
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The static long-run equation will take the formtbe benchmark velocity equation (4.4),

extended with variables of interes){

U = BI + EZYt + B;Rt + Ext + & (5.1)
where lower case letters indicate logarithmic valuehe second step of the EG-procedure
considers estimation of an Error Correction Mod®l, investigate velocity’s short-run
dynamics. The model is built upon the dynamicsvgfas depending on the dynamics of
specified explanatory variables in addition to arorecorrection term &_;) and lagged
dependent variables. A significaivalue on the coefficient of the error-correcti@m in
turn can verify existence of a cointegrating relaship; thereby relying upon Ericsson &
Mackinnon (2002) critical values. Modeling from geal to specific subsequently should

yield an optimal Error Correction model resemblihg following form:

A/l;t = BB + Volxe + XV, Axe_; + X C/f] Ave_j + V&1 (5.2)

where €;_;) represents the lagged value of the estimateduals of equation (5.1). The
short-run dynamics of velocity are now being expdai assuming the estimated cointegrating
relationship (5.1) to be representing long-run Eopuwm; the error correction term in turn
indicates the speed of dynamic adjustment towamsed long-run equilibrium values. In
estimating short-run dynamics, all OLS assumptiaith respect to the behavior of the

residuals will be met and will be documented in Apgix I11.

Vol VARIABLE DESCRIPTION

While a considerable part of quoted empirical étare is merely fixated upon own

contributions in estimating velocity behavior —at@ertain extent overlooking previous major
findings — this study aims at including previougaide contributions as much as possible. In
order to answer the call of Stock and Watson (129&jther long sample of annual data will

be investigated concerning the period 1917-200@. fdlsus will be on annual data, because
of both availability and reliability matters. Wittespect to the latter, Romer (1988) noted
quarterly pre-WWII observations of especially GNPbe suffering from inaccurateness. To
gualify for insertion in the long-run estimatioranables need to be I(1), whereas the short-
run specification requires variables to be in fd$terences form. Elaboration on data sources

and specification of unit root tests on variabkepastponed respectively to Appendix | and II.
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The variableR; 1(1) denotes the interest rate in percentage poiht capture opportunity
costs properly, the interest rate on near monidswiincluded as of the year 1959 — the first
year of availability. In fact, the interest rate m@ar monies as proposed by Ball (2002) will be
proxied by means of theM2-minus” rate — representing the interest rate oweaghted
average oM2 components less small time deposits. Other that tihe corporate bond yield
will be included. Expectedly, this variable entdrs velocity function with a positive sign, as

higher opportunity costs should imply faster mooggulation.

The variabley, 1(1) represents the logarithm of real GNP. Withfdeto the interest rate
already including inflationary expectations, realNs appeared purest in measuring
transactions volume. We would expect a heating @ognto require higher money

circulation, and so this variable should enter {pasly.

Variablesbank, 1(1) andsoph; (1) are derived from Bordo and Jonung (1990) geheir
most prominent variables to address the U-shapdomg-run velocity behavior. The
downward trend is captured lbynk, denoting the spread of commercial banking as pobxi
by the currency money ratio — this ratio will baedenined as the logarithm of the percentage
of currency and notes iM2. Assumed thabank, is negatively related to the spread of
commercial banking, we would expect it to be pwslij related to velocity. The upward trend
in long-run velocity behavior is related to finaamlcsophistication and has been captured by
the variablesoph,. This variable proxies financial sophistication tme ratio of total non-
bank financial assets over total financial assatish respect to the pre 1960s period, | used
data available in Bordo and Jonung’s study. Ashef 1960s | proxied this variable by the
ratio of credit market assets over currency andldige deposits — all in amounts held by
non-financial institutions. In order to match Bordlod Jonung’s original variable adequately,
the constructed variable has been transformed aotoparable magnitudes and is finally
turned into a logarithm of percentage points. Ruilhg Bordo and Jonung, the variable
should be positively related to financial sophiticn and hence is expected to enter the

velocity function with a positive sign.

The variableshase; (1) and debt; 1(1) are newly constructed and included to examine
monetary and fiscal policy effects on the behawbwvelocity. With respect to monetary
policy, this will be the stock of high-powered mgrautstanding as a logarithmic percentage

of nominal GNP. The intensity of fiscal policy wile captured by the logarithm of the
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amount of public debt per capita. Intuitively — a@oda certain extent underscored by Gordon
et al. (1997) — we would expect both variables to enker velocity function negatively
signed, with agents’ interpretation of the econormsituation negatively influenced by

government’s apparent need to apply stimulatingcpol

As a measure of confidengggld, (1) will be included in the long-run estimatiohwelocity

behavior — denoted as the logarithm of the annuedlage real per ounce price in US $. With
agents generally taking refuge into gold duringesnof economic instability, an increasing
price per ounce would in this sense point at econdunbulence. Hence the expectation for

this variable is to enter the velocity function atgely signed.

In order to model velocity's short-run dynamicsinmarily the significant long-run variables
will be included, after which the following two $tanary variables will be added — both

based on previous empirical research by Ledo (2005)

The variableAWEIGHT; is included to capture Le&o’s alternative explemator the pro-
cyclicality in velocity behavior. This variable ngsents the difference in the share of high
velocity expenditures in total expenditures anexpected to be positively related to velocity.
In order to construct the variable of interest édighe following conventional notation for
GDP:

Y=C+I+G+X—-Z (5.3)

whereY represents aggregate expenditures on productmated in the United States. To
derive aggregate expenditures in the way Ledo meghahe value of imports should first be
added to this GDP figure. Subsequently the valugg@mfernment expenditures and the
consumption of nondurable goods and services abtrasmiied, resulting in the part of
expenditures for which velocity is likely to be higrhe relative share of this part in aggregate
expenditures finally represents the variali€/GHT, that is constructed for the period 1929-
2009.

The short-run variablAM1VOL; denotes annual differences in the volatilityhdf. In this
regard, volatility has been calculated as the stahdeviation of the logrelative returns in
M1. According Friedman (1984 M1VOL, should be negatively related to velocity, since

increased volatility ifM1 would point at uncertainty that pushes agents imbmey balances
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thereby lowering velocity values. However, becaakenixed results upon this variable in

previous literature, the variable will be regar@esdexerting ambiguous influence on velogity.

V. I ESTIMATION RESULTS

The composition of variables yielded a satisfactong-run relationship with an adjusted R
of 0.97, and all included variables being significavith the expected sign — the logarithm of
the real gold pricedold;) excepted. The measure for financial sophisticafsoph;) turned
out to be redundant by means of a standratedst with a probability of 0.85. The estimated

long-run static relationship took below specifiedn:

vy = —0.011 + 0.018R; + 0.40y, + 0.12bank, — 0.36base, — 0.20debt,
(-0.08) (4.00)*  (12.21)*  (2.39) (-8.81)* (-6.95)*

+ 0.062gold; + &; (5.4)
(2.71)*

Note: (a)t-value is significant at 5% with critical valuesifig+ 1.96

wheret-values are reported in parentheses with the 1%f&ignce level (denoted throughout
by an asterisk) being = 2.58. With respect to titerest rateR, it has to be mentioned that
this rate is solely based on the corporate bonld,ysence the rate on near monies turned out
to be insignificant. The interest rate semi-elatstiof 0.018 is roughly conform more recent
findings in empirical literature, however is subgtally lower than the 1900-1989 semi-
elasticity of 0.1 as reported by Stock and Watski#98). This discrepancy might be due to
the generally higher absolute values of the cotpotzond yield, as compared to the
commercial paper rate used by Stock and Watson.nVébasidering the income elasticity,
the value of 0.4 is somewhat high compared to SamckWatson’s income elasticity near one
in the context of money demand. This inconsistanght be related to sampling differences
as Stock and Watson internalized the early 190@®gevith declining velocity values and
rising real income, whereas this study insteadrmatiéezed recent period with rising real
income and stabilized velocity values. Consisteitith Bordo and Jonung’s view upon effects
of the spread of commercial banking on velocity &aetr, a positive relationship between
bank, andv; can be reported. Since Bordo and Jonung investig& behavior, our point

estimates aren’t one to one comparable. Howeveretis some consistency in the sense that

® E.g. Pollin and Schaberg (1998) put forwarcadrhocargument where velocity may be positively related
AM1VOL,, reasoning that uncertainty might instead leachtsgato other monetary aggregates.
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their point estimates are slightly less, which wade expected sincé2 generally denotes
lower values. With respect to the included poli@riables, the results are as expected with
long-run velocity behavior negatively influenced bgth expansionary monetary and fiscal
policy. Especially the negative coefficient fbase, was to be expected, since normally an
increase in the base indirectly leads — via an aatety functioning money multiplier — to a
rise in M1, that in turn generates lower velocity values. ldeer, because of the large
elasticity with respect to monetary policy as irdéx bybase;, you would expect the
immense increase in the base to be reflected g slecline inv;. In this respect the effects
on v, have only been moderate so far — an observatian ith certainly related to a
disfunctioning money multiplier. Fiscal policy ohet other side is also accompanied by a
rather large elasticity, showing off the impactrafing public debt on velocity behavior.
Realizing the United States per capita public dhetstincreased by roughly 30% in the period
2007-2009, the effects on velocity are about tosbbstantial. The results regarding the
coefficient of gold, are surprising in the sense that this variabl& socompanied by an
expected sign. However, the value of the elastigiticates the effects of real gold price

fluctuations on long-run velocity behavior onlylie relatively modest.

The short-run dynamics are satisfactorily represgbity equation (5.5) yielding an adjusted
R? of 0.85 with all included variables significant &% and moreover signed conform

expectations:

Av, = —0.009 + 0.011AR, + 0.52Ay, + 0.18Abank, — 0.16Abase, + 0.23Abase,_,
(-257)  (3.28)* (6.04)* (3.14)* (-5.20)* (5.94)*

—0.21Adebt, + 0.60AWEIGHT, + 0.32AM1VOL, + 0.50Av,_, — 0.40¢,_,  (5.5F
(-4.76)* (3.19)* (3.78)* (5.94)* (-5.82)*

Note: (a) the 1% and 5% asymptotic critical valtesthet-Ecm test equal -5.17 and -4.56

respectively (see Ericsson & Mackinnon, 2002)
When compared to the critical values reported iedSon and Mackinnon (2002) thealue
associated with the error correction tergp; convincingly confirms existence of a
cointegrating relationship in equation (5.4). Witte coefficient of the error correction term
smaller than one and negatively signed, there appgede adjustment towards implied long-
run equilibrium values. The coefficient on the ladgdependent variablév,_, indicates
some degree of persistence in velocity movemerts.riewly included variablARWEIGHT;

is expectedly signed and hence strengthens Led0G5] alternative explanation for the pro-
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cyclicality in velocity behavior, whereas the othwew variableAM1VOL, appears to be
positively signed contradicting Friedman’'s (1984)ptthesis in this respect. The policy
variablesAbase, andAdebt; are again negatively signed conform expectatibngjever the
one period lagged value dfbase;, appears to be positive, which may be related tt bo
spurring growth effects of monetary policy and eaged prices. To investigate policy effects
on velocity behavior more thoroughly, henceforte tbcus will be exclusively on the two

policy related variables.

V. IV IMPLICATIONS OF MONETARY POLICY

As can be derived from a Wald-test on the coeffitseof Abase; in equation (5.5), the
downward effect of expansionary monetary policystiort-run velocity doesn’t necessarily
differ from the lagged upward effect, in the setis& both absolute point estimates do not
statistically differ from each other. This resufidicates that changes in monetary policy
roughly show off ambiguous effects on short-ruroegy behavior.

With long-run velocity negatively affected by exg@mmary monetary policy, and an
insignificant directional effect of monetary polioy short-run velocity behavior, it would be
informative to investigate whether there existaasal linkage leading from monetary policy
to velocity, or — alternatively — that both varieblare just correlating. In this respect, the
Granger Causality test — as already applied in@edli — may well be used. In order to deal
with possible non-invertible moving average compusgethe test will be applied in the form
of a two-stage regression procedure of primaritynmesgting an optimal ARMAQ,q) model,
after which the residuals of this model are deéidaio be the dependent variable in the
second step of the procedure. Based on annuabdatahe period 1915-2009, it appears

fits best an MA(1) model, wheredsase; is best fitted through an AR(1) model — these

models are specified below:

Avt = 0.006 + St + 0'31£t—1 (56)
(0.76) (3.09)*
Abase; = 0.009 + 0.34Abase;_1 + U (5.7)
(0.59) (3.41)*

The estimated residuals are subsequently useaiseitond step of the procedure, where the
predictive value of a lagged variable of interesh de evaluated. In this respect, equation
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(5.8) examines the predictive value of the laggemvth rate in the base on the estimated
residuals of velocity growth, whereas equation )(&8nsiders the predictive value of the
lagged growth rate of velocity on the estimateddwess of monetary base growth:

g, = 0.000004 — 0.040Abase,_, (5.8)
(0.00) (-0.71)

u, = —0.0003 + 0.038Av,_, (5.9)
(-0.02) (0.21)

These results indicate neither causal relationsbipveemAv, andAbase; and suggest there is

merely a simple negative correlation between batiables.

V.V IMPLICATIONS OF FISCAL POLICY

When considering equation (5.4) and the dynamiatagp of (5.5) in terms of expansionary
fiscal policy, it shows up fiscal stimulation unsadly has negative effects on short- as well as
long-run behavior of velocity. Reconsidering theportance of velocity behavior to our
economy, it would be rather interesting to investiggwhether there exists a causal linkage

from growth in per capita public debt to velocitpgth.

Whereas the optimal specification faw, over the period 1915-2009 has already been
determined as MA(1), it turned out that an MA(1ggfication fits bestAdebt, as well:

Adebtt = 0.045 + T]t + 0.95nt_1 (510)
(2.13) (27.52)*

The residual series are specified below in equaftohl) and (5.12), wherg refers to the
residuals from the MA(1) model fdv,, andn, to the estimated residuals of growth in public

debt per capita:

& = 0.004 — 0.15Adebt,_, (5.11)
(0.74) (-2.88)*
n, = —0.001 + 0.14Av,_, (5.12)

(-0.09)  (0.75)
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According the Granger Causality concept, thereas&way negative causal linkage detected
from growth in public debt per capita to velocityogth? This result implies a serious
drawback for pursuing fiscal policy, as it negalyvaffects our economy in a direct and an
indirect sense. Expansionary fiscal policy appdardower velocity growth, and lower
velocity growth in turn Granger causes lower raapat growth — this is the direct negative
effect. The indirect effect is to be found in tHestiuction that low velocity values entail for
pursuing effective monetary policy. In this sensepansionary fiscal policy appears to be

gradually undermining the effectiveness of monefaiycy.

® To ascertain there is no disturbing causal linkaefeveen expansionary fiscal and monetary poltoy, t
Granger Causality concept has been applied to thieahbehavior of these variables and is readilyudeented
in Appendix IV.
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SECTION VI CONCLUSIONS AND POLICY IMPLICATIONS

US Government has been acting determinedly by hepursuing fiscal and monetary policy
in order to sustain economic growth during theraftgh of the financial crisis. Except for the
biggest fears that appear to have left the markegplthe results so far aren’t to be called
satisfactory with unemployment still balancing at@% level and economic growth effects
already being over the hill. Although governmenpegred to have changed its focus in
fighting the crisis exclusively to monetary poliagcent remarks by the Fed are pointing at
the need to accompany their efforts with additidiedal policy. In the heyday of economic
stimulation by US Government, this study makeslafeathe velocity of income\(1). The
pro-cyclicality of velocity together with straigltfvard reasoning within the context of the
guantity equation, made a case for the pursuitgi kielocity values. With a Granger causal
linkage from velocity to real output growth, thegartance of velocity behavior has been
formally derived; whereas additional relevance dan extracted from its part in the
effectiveness of monetary policy. A satisfactorynge and short-run equation estimated
velocity behavior during the past century, yieldirgn important role for previous
contributions in empirical literature. Most remaok@however is the apparent negative effect
of public debt creation on the behavior of veloc#gpecially since public debt turned out to
form a negative one-way causal relationship witlosigy. Within the context of velocity
behavior, this result implies a serious drawbackpiasuing fiscal policy. Expansionary fiscal
policy should be discouraged not only because wtets velocity values that in turn are
Granger causing real output losses, but also beaaugluences output growth indirectly in a
negative sense by obstructing the effectivenessmohetary policy. Hence a policy
implication now would be to gradually reverse fispalicy in terms of public debt creation,
since it negatively affects velocity behavior whigh turn limits real output growth and
hinders the effectiveness of government’s lateshfr of monetary policy.

Realizing inference merely based on velocity wolbéd myopic, | propose velocity as an
economic indicator in the sense of the informatianiable approach. Fed could consider it as
one of the clues in assessing intermediate ta@et&ell as long-run objectives, given its
importance to both the effectiveness of short-teranetary policy as well as its implications

for real output growth. Nonetheless statisticaliltssbased on a 1 percent significance level
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combined with the apparent implications of thisdgtshould encourage further research on
the topic in order to examine robustnesg, in considering the relationship between public
debt and velocity more carefully to determine whketthe negative relationship is more
outspoken in the case of excessive debt creatiomanother interesting study would be to

extend the scope to other countries.
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Vil APPENDICES

VIl .| APPENDIX | — SOURCE OF VARIABLES

Vg The logarithm ofV1. V1 is calculated for the period 1915-1958 using ahnua
nominal GNP andV1 data as provided by Balke, N.S., and Gordon, R.J.
(1986), "Appendix B: Historical Data,” InThe American Business Cycle:
Continuity and Change, NBER Studies in Businesse§yed. Gordon, R.J.,
Chicago: University of Chicago Press (hencefortNBER US historical
data”). For the period 1959-2009 both nominal GMRd M1 data are
originated from IMF international financial staics, whereagvi1 data are
adjusted for sweep accounts as of 1994 by using flaim the Division of
Monetary Affairs of the Board of Governors of thedeéral Reserve System
(online available).

R; M2 Minus Own Rate data — to proxy the interest ratenear monies — are
online available at the Federal Reserve Bank of&itis. Corporate bond yield
annual data over 1915-1983 are derived from NBER hitSorical data,
supplemented by Moody's Seasoned Baa Corporate Beiuifrom the Board

of Governors of the Federal Reserve System fopdhied 1984-20009.

Vi The logarithm of real GNP. Real GNP is deriveohfrNBER US historical
annual data for the period 1915-1958. Concerniegpiériod 1959-2009, data
are originated from the US Department of CommeBeau of Economic
Analysis.

bank, The logarithm of the annual percentage of cuyear notes itM2. Currency
in circulation is originated from the Board of Gowers of the Federal Reserve
System.M2 over the period 1915-1958 is derived from NBER hiStorical
data, whereas the period 1959-2009 is covered tayfdan IMF international

financial statistics.

soph; The logarithm of the percentage of total non-b&nkncial assets over total

financial assets. Annual data on this variable dagethe period 1915-1960
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base;

debt,

gold,

WEIGHT,

M1VOL,

are available via Bordo and Jonung (1990), whetk@svariable is proxied
over the period 1961-2009 by the logarithmic petage of credit market
assets in currency and checkable deposits — adimiounts held by non-
financial institutions. Annual data regarding thenstructed variable are

originated from the Board of Governors of the FatiBeserve System.

The logarithm of the percentage of base monayminal GNP. Base money
over the period 1915-1958 is derived from NBER USidnical annual data,
whereas the period 1959-2009 is covered by annwad drom IMF

international financial statistics.

The logarithm of per capita public debt. Grosgefal debt annual data for the
period 1915-1945 are online available at the USaJuey, whereas the annual
1946-2009 data are originated from The White Ho@suncil of Economic
Advisors. Annual population data over the period3-9952 are derived from
the US Department of Commerce: Census Bureau, aber@53-2009 annual
data are originated from the Federal Reserve Ba&k. d.ouis.

The logarithm of the real per ounce gold pricdJi®@ $. Annual data for the

London PM fix are online available at The World &&ouncil.

This variable concerns the annual share of hidgpcity expenditures in total
expenditures and is constructed over the perio@-22®9. Nominal GDP is
derived from BEA, National Economic Accounts. Fedi€overnment current
expenditures, the value of imports of goods andices, personal consumption
expenditures on nondurable goods, and personaliogion expenditures on
services are all originated from the US Departnoéi@ommerce: Bureau of

Economic Analysis.

This variable represents annual differences in vbkatility of M1. In this
regard, volatility has been calculated as the stahddeviation of the
logrelative returns iM1. M1 over the period 1915-1958 is derived from NBER
US historical data, whereas the period 1959-20@®vered by data from IMF

international financial statistics.
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VIl . I APPENDIX Il — STATIONARITY TESTS ON VARIABLES

Variable P-value unit root test in level®-value unit root test in first differences

(ADF test statistic in parentheses) (ADF test statistic in parentheses)

v, 0.76 0.00
(-0.99) (-7.16)

R, 0.31 0.00
(-1.95) (-7.32)

Vs 0.90 0.00
(-0.43) (-5.37)

bank, 0.40 0.00
(-1.76) (-6.53)

soph; 0.67 0.00
(-1.20) (-7.49)

base; 0.56 0.00
(-1.45) (-6.51)

debt, 0.30 0.00
(-1.97) (-5.75)

gold, 0.34 0.00
(-1.88) (-6.84)

WEIGHT, 0.00 0.00
(-3.98) (-7.14)

M1VOL, 0.00 0.00
(-7.09) (-10.52)

- 44 -



VIl . APPENDIX [l — STATISTICAL TESTS ON REGRISSIONS

Test Results Regarding Stochastic Assumptions @Disturbances of Equation (5.5):

Null Hypothesis Test P-value

Normality Jarque-Bera 0.71

No autocorrelation| B-G Serial Correlation LM test0.08

Constant variances White test 0.11

No misspecification Ramsey RESET test 0.29

Av, = —0.009 + 0.011AR; + 0.52Ay, + 0.18Abank, — 0.16Abase, + 0.23Abase;_,
(2.57)  (3.28) (6.04)* (3.14)* (-5.20)* (5.94)*

—0.21Adebt, + 0.60AWEIGHT, + 0.32AM1VOL, + 0.50Av,_, — 0.405,_,  (5.5)
(-4.76)* (3,19)* (3.78)* (5.94)* (-5.82)*
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VIl . IV APPENDIX IV — GRANGER CAUSALITY BETWEEN Adebt; AND Abase,

As already specified in the main text, the AR(1)delofor Abase;, and the MA(1) model for

Adebt, are respectively:

Abase; = 0.009 + 0.34Abase;_1 + U; (7.1)
(0.59) (3.41)*
Adebtt = 0.045 + T]t + 0.95nt_1 (72)
(2.13) (27.52)*

The corrected residuals andn; can subsequently be used to investigate Grangesaley
linkages between these variables. The Granger Qgussst results are specified in below

mentioned equations (7.3) and (7.4):

p; = —0.002 + 0.045Adebt,_, (7.3)
(-0.18) (0.62)

n, = 0.0001 — 0.043Abase,_, (7.4)
(0.01) (-0.40)

As indicated by highly insignificartvalues, lagged values of either variable don’ttebate
in predicting the other. These Granger Causalgy iesults clearly indicate there is no causal
relationship detectable betwe&base, andAdebt, over the period 1915-2009.
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