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Abstract

This swudy examues the Granger causality from money L Guigul m Jordan fo1 the
sample period from 1969 10 1991 an the basis of implementatsn of o FPE appooac h The
critersa Lsed in this contexi far determining the Jag lenght are R2-adjusted, Akatkes
Information critenon (AIC) and schwarg's enteron (5€). The FPE Slanstics suggest thal
both M1 and M2 measures urm ol L Granger cause Buipul These resilts vontimm (he
impartance of monclary pobiey m wlfeching wdipt, The tesulls gl vontarne e 1
hypathesis that money docs fiol react passively to gutpot, Inerestingly. the fesidis wm

out 10 be msensitive Lo the money measures ysed m Uas studv

Introduction

During the last two decades, macroecunomists have renewed ther imerest in
secking an explanation for business cycles. Rencwed Interest m business cycles
research has resulied in @ substantial number of theories. Many of these theares are
equilibrium theories in Hayek's sense (Norrbin and Schlggenhant, 198X Pechups the
most publicized tieory of the business cycle is the Lacas (1972, 1079y, Surgeon and
Wallace (1975), and Barro {1976} raonal capecusuons generak cquilihriun mosdel
which stresses the role of nominal shocks in the presence of imperfect nformation

The purpose of this paper is 1o investigate empincally 1he Granger-cousalny lrom
money 10 cutput using Jordanian annual dats on the hasis of implementation of a
final prediction erroc - henceforh FPE - methodology. The mierrelanenship between
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money and output provides important information on 1wo main sets of competng
hypotheses. The (irst set emphasizes the active fole of changes s money in affecting
output, while the second set emphasizes a passive response of money (o ouput.

The first hypothesis is basically based on both equilibriurn and disequilibrium
models. The former assume full price {lexibility. Proponent of these models are
likely to see changes 1n money as autonomous and generally precede movenients in
Output. Rational expectations versions of these models tend o distinguish bejween
anucipated and unanticipated changes in money. 1t 1s hypothesized that anucipated
changes in moncy have no effects on real outpot, while unanticipated monetary
changes are assumed 10 have non-neutral ellects on output

On the other hand, disequilibrium models involve some type ol price stickiness,
and for market imperfections (Leiderman, 1984). These selups. generally yield
hypotheses similar to those above., except that the distinctson berween anticipared
and unanticipated monetary changes becomes less relevant. Changes in money are
mostly regarded as non-neutral m terms of their short-run effects on outpul. Some of
these non-neutralitics of maney may involve @ Lransmission mechanism very
different from the one of unanticipated moncy equiliboum models,

Propoaents of disequilibrium models generally emphasize the existence of capital
markel segmentation. production lags, and the implicd of Iiquidity constramts on the
economy's supply sector, Under these conditions, mcreases in money lead to an
outward shift of both aggregate demand ang supply schedules, Thus, these models
hypothesize stronger output effects of monctary changes than models in which
moncy docs not directly affect the economy’s supply.

The second hypothesis states that money reacts passively 10 output (Taylor,
1981). The passive role of money rests on several assumptions, First, the authorities
may want o smooth output fluctuations in an cconomy subject 1o dominang supply
shocks. If that is the case, and 10 1he extent that monetary poficy is effective, then a
rule of monetary accommodation of supply shocks will be observed. Second,
changes in output may alter the government's budget deficit and ths, in . may
lead ww changes in the monetary base and the moncy supply. Third. changes in
money may reflect induced halance of payments effects of outpur shocks, especially
under a fixed exchange rate regime (Leaderman, 1984), In this case, however, there
can still be an autonomous monetary policy instrument, namely through changes in
the domesuc credit composients of the monctiry hase.
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THE ORANGER-CAUSALITY FROM MONEY TO OUTPUT

The organization of the rest of the paper is as follows. The next SCCLON FEVIEWS
the most recent studies that are tightly linked 1o the nawre of money outpul
dynamics. Section three presents the empirical methodology used in the paper,
Section four discusses the empirical findings. Section five reports the conclusions.

Literature Review

Thete has been a substantial amount of rescarch regarding the nature of money-
output dynamics. Tt has been found {Genberg ot al., 1987) that the impact of
monetary forces on real magnitude depends on: (a) the structure of the economy, (b}
the formation of ¢xpectations, and (¢) the reacuons of policymakers to changing
economic ¢ircumstances. Consequently, the impact of monciary pelicy on output
can only be determined empirically.

Genberg et al. (1987), as an ¢xample. argue that the refative importance of
domestic and foreign shocks for domestic macroeconomic performance depends
critically on the prevailing exchange rate regime, Fixed rates make for a great deal of
interdependence and imply transmission of diswrbances from country 10 country.
Flexible rates, in contrast, minimize interdependence, pravide policy autonomy, and
insulate economies from disturbances ongmaung abroad, In 4 nut-shell form, the
response patiern of output 10 monctary shocks depends on the prevailing cachange
rate regime,

Huizinga and Leiderman (1987) examine empirically the link berween maney
supply announcements and interest faics. Announcements of unexpected changes in
monetary base arc shown (o have a staustcally sigmificant impact on inlerest rates
above and beyond the impact of announcements of unexpected changes in 1he moaey
supply. It is also shown that the response of interest rates to both money supply and
moneiary hase annpouncements diminishes as ume gocs on. Since many firms depend
on bank loans 1o finance working capital requirements of the production process,
then the arise in the intesest component of vanable costs will, in lurn, adversely
affect output. This channcl suggests that antiipated changes in moacy Lum o have
Jess impact on output than those of unanticipated

Christiano and Ljungqvist (1988) yield evidence showing that the relationship
between moncy and output reflects causation runming from money (© Ouipul when
data are measured in log levels, but not when they are measured in first difference of
the logs. They argue that the most likely explanation of this puzzle 1s that the small
F-statistic hased on the difference daw reflects not the data's lack of Granger-causality
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from moncy 10 cutput; but rather the test's lack of power to delect it They congluded
that the reason for the lack of power of the first difference |- statistic is Ut log first
differencing both time senes prioe o doing the Grangee-causality teslappearss 10 give
nsc 1o the specification error,

Leiderman (1984) ¢xamines the dynamic imterrelationship among money growth,
inflavon rate, and output growth for Columbia and Mexica on the basis of
implementation of a vector autoregression technigue. The resulis for Columbia
generally show autonomous output growth and money growth behavior, and an
important role money shocks in accounting for variation in inflauon, In contrast. the
results for Mexico provide clear support for two way leedhacks among growth and
nflation, and less autonomous output growth behavior than Columbia,

Burbidge and Harrison (1985) atempt to assess the relasive role of MoncLary
factors in the great depression using U.S. monthly data covermg 1919 10 1941 They
show that a significant proportion of the {all in prices and output after carly 1931
remains unexplained. By conirast, they find much firmes evidence of moncLary
impact on the recovery between 1938 and 1941,

MODELING MONEY-INCOME CAUSALITY

3.1 GRANGER CAUSALITY
This scction describes the FPE approach which |s used here 10 examine the
Granger-causality from money 1o vatput ysin & bivanate time senes dat, To vxamine

the nature of money-output dynamics, we consider the bivariate stationiry stochastic
process zg = (my, y,), where m, and ¥y denote money and outpot at Lime | measured

in loganthm levels, respectively. Suppose that, 41 tme -1, we try 1o predict next-
penod output, ¥ My is better predicted by adding the past money supply Lime

series to the past outpul Lime series than by using the past outpul ume serics slone,
then moncy 1s sind 10 Granger-cause oulput (Granger, 1969), Similarly_ output is
said w0 Grunger-cause money if next-penud money, my.1s beuer predicted by adding

the past autput time series 1o the past maoney series than by using the past money
series alone. More specifically, let ;IJ' my_q. and "_1-I represent the set of past
values of Yo My and 2., respeclively, so that

Y1 = ey Yoo

My g® (Mg My i
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Zpp = s Ypegee My Mg 2eed

let uz(y‘ lil_‘) denotes the error in predicting period-1 output based on the
information set that includes bath the past output and the past money supply Lme
series. By contrast, let az(y‘ | ;1-1 r-n‘ 1) denotes the error in predicting period-1
output based on the information set that excludes past money supply tme series,
m,. In the present case, money is said 1o Granger-cause output 1f 0:(,\'l|/‘,‘}<
02()“&2[_1 - my,y ), This inequality implies e money causes output it next period
output, ¥ is better predicted by the hivariale tme series than by the umvunae
output series alone, However, if the inequality in the defmition does nut hold, then
money 1s said not to Granger-cause outpul, Likewise, wecan deline olmnl | ;'_]; and
csz(ml | '_'l-l - ;t-l) to be the errors in predicting fulure money, where the predicuon
is based on the bivaniate mformagion set or the information set excluding past
output, respectively. Output is said to Granger cause motey if azqmlf\uu ,— h-ps
ozl‘mll-zl_l- Y. i otherwise, Output does BOL CAUSe MONey

Finally, if a?'[yl 1 Zl_|)< 02(_\"! ;‘ - mypdand (\Ju.mg 2y} Ifﬁdzlm‘ lzg ¢- ;-‘ i
then feedback 15 said to occur between money and owtput.
3.2 The Model 1o be Estimated

A more conventional way to investigate the Granger-causality from money (o
output is Lo estimate the auloregressive mude] based on the bivanule bme senes z, =

(ypmy) A regular (ull rank stationary stochastic process, 7, = (Y., ) can be

represented in the polynomial form

¥ =€ +F”(L)yl+Fl2(mel+c“..,......A EERCLUS PO RRLASEATS PNOT R R

my =<y + F2|(L}yl + Fzzlllm‘ B T s 12)

where ¢y and ¢y are constnts, FiJ(L‘l ts the lag polynomaal z Fukl,". where Lk
k=1

denotes the lag operator (l.km‘ =m and (eq,eq) are conventional 2ero-mean
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&ror terms with constant VArNCe-Covariance matrix. Equations (1) and (2) state that
the current utput, y,. and curreny money supply, m,, can be represented as a linear

function of the past Output and the past money,

Causal relationships would appear Lo enter in this model in the following way. If
Fia(l) = 0 (e, Fyax =0 for all k), then it is clear from equation (1) that past

money tums o have no effect on future output; that is money does not cause output,

Similarly. if F,,(L) = 0, outpul does not cause money. The causal relauonships
21

between moncy and Outpur could be determined by fiting equations {1) anyd {2) by

ordinary least squares yrelding estimates that are consistent and 4 Symplotcally

normally distributed and then tesling to see whether Fu[L} =0.foriey

Hsiao (1979, 1981) shows that the 1est of l-‘U(l‘) = 018 quite sensinve 10 (he
order of the lags orFij(L). I, for example, the Lag structure is prespecified, the test
results may be simply a result of the imposed lag specificanon rather than ol the data
showing causality. To overcome this potenual problem, we et the data determine
the lag stucture rather than imposing some arbitrary Iag structure on the model.

Hsiao's suggested procedure for obtaming the opumal order of the lags for each of
the F.}(L) in each of equations (1) and (2) 15 to employ the FPE criterion mntroduced

by Akaike (1969). Consider first the output vanuble ¥,: The FPE of ¥, is defined 10
be the mean squared prediction error

........ VrmperasssssrosedEI)

A
where ¥q 18 the predicred outputin peniod 1, and E() 18 the expeciations operator. The

A
predicied output value ¥ is determined by RETeSSiNg equation (1) usi ng ordinary least
squares for a given lag structure of order r and g on F] (L) and F] 2tLJ, respectively.

A
In other words, ¥ 15 the least-squares estimae-

A A A; Aq P
Nuopr Fpyilly, + F Ry -44)

A

A
where € 1S an estimated constant, TJ, (L) are the estimated parameters of Fl 1)

A
assurming a lag siructure of order r, amd Fqlz(L) are the estimated parameters of
Fo(L) assuming a lag steucture of order y. Akaike estimates the FPE by
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T
o _ (Trragel) 1 z M2 .
FPE}.(r.q)— Taqh) T ¥ i i e 5)
=1

1

where 2‘-"1';1)2 is the residual sum of squares, and T 1s the total number of
=1

observations after subtracting the presample values (Since the number of

observations 1n the oniginal sample is 23, then T = 23 - the maximum lag length),

Akaike’s FPE criterion is 10 choose the lag structure (r.q) that minimizes the FPE

given by equation {5). Similarly, we can estmate equation {2) by ordinary teast

squares 10 obtain an estmated value r;' for money. The esumated FPE for money

would then be

T

_(Trregel) L z A 5

FPE (rq) = arqh T l(ml L) R RO S RN R 6}
=

The FPE approach for determiming causality yiclds a number of distinct benefits
in terms of identifying the model (Bar-Yosel et al., 1987). First, as it has alecady
been poinied cul, the data are used Lo determine the Lag siructure of the model rather
than imposing some arbitrary lag order specafication. Sccond, the FPE cniterion does
not constrain the lag structure of each variable to be identical; ic, r is not
constrained o be necessanly equal 1o 4. Third, it can be shown that the FPE critenon
is equivalent to choosing the model specificauon on the basis of an F-test with
varying significant levels.

To ze the computational difficulizes. Hsiao (1979) has suggested the
following sequental procedure.
I An upper bound on the maximal lag order is specified, say n
2. The FPE criterion is used w deteermne (he optimal ordes of the one-

dimensional autoregressive process for output alone. Call this order r{<n), so
that the resulting FPE).(r.O\

3. Fix the lag structure tor output at r and use the FPE crterion W specily

equaton (1), Let g > O denote the potemial lag order for 1he money lag
operator Fy (L), so that the FPE 15 H'L‘).\‘r.q!. To select g, equation (1) is
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cstimated with money lfags of | through the maximum lag n. Thus, g
mnimizes FPE, (r.g) for money lags up to n

4. Holding the order of the lag operaior F, (L) at g, let the order of the lag
operanr F] y(L) vary from 1 1o n. Choose the order of Fy (L} that gaves ihe
smallest FPE, say s, thereby yiclding FPE (s.q)

I FPE(r,0) < H’Ey(s,q). then output is best predicied by a one-dimensional
autoregressive process, so that money does nol cause output. Conversely, 1f
FPE)(r.l)) > F'F'l'-y(s.q). then money causes ouiput. A similar appeoach can be
used on equation (2) 10 investigate whether output causes money.

3.3 The Data

The basic data cited throughout the wock consist of (a) moncy supply narrowaly
defined (M1), (b) money supply broadly defined (M2). and (¢) real GNP for the
sample penod from 1969 through 1991 using 1985 as the base year. Intormation
about these serics come from the Intemational Financial Statistics Cutput and
money series used in estimating causality models are measured in logarithin levels,
The use of different money measures will allow us 10 compare the robostness of the
results across different money measures, and to see which one of monelary
aggregates is more tightly linked (0 output.

4. Empirical Findings

There are two potenual problems in estimating equations (1) and (23 First, in
practice the lag length 1 is unknown. If the kag length r s replaced by some upper
bound n and 1> n, then the least squares esumators are inelficient since the
regression model 1s over fied (Gnffiths et al , 1993). If this is the case, then 1esis
of significance become invalid. Ry contrast, the least squares esimators are biased if
n<r. A second difficulty 1s that the regressors may ¢xhibit multicollineanty. It may
be worth noting that collinear variables do not provide enough informaton 10
esumaie their separate effects, even though cconomic theory, and their tosal cffect,
may indicate their importance in the relationship.

In order 10 choose the opumal lag length, three procedures are used. The first

procedure of choosing the lag lenigth r such that the adjusted RY(R ) is maximazed.
—y

The R~ measure for the present caseas delined as

=4 2
2 (T-1)a”
R =1- TEE esessiesm e e s S LN e: M




THE GRANGER CAUSALITY FROM MONEY TOOUTMIT

5

. = < ¥
where TSS is the tntal sum of squares. Of course. R - reaches is maximum when o

Assumcs a mimmum.

The nther two crteria used in this conext for determining the fag fength e
Akaike's (1981) information critcrion (AIC),

RSS, 2

AlC(r) = Ln T -r:]—., .................................... 5 s et 181

and Schwarz's {1978) cntenion (SC)

W)

here RSS, is the residual sum ol squares resulied from estimanng the regresson

model using a lag Jength ol r. For both criteeia the Lag length estmmate 1is Chosen se
as to minimaze the entenion used,

In this study, five was set 0 be the maximum number ol potential Lags for cach
uravaniate bine senecs, The ordinary least squares 1esults are repeaed in appendix A
As tble 1 shows, the lag fength of r =2 1s chosen for output. = 3 Ior money
supply M1, and r = 4 for money supply M2 Interestingly. the opuimal ag lengihs

selected on the basis of using different criteria tum out o be the same in all cases

Table 1
Estimation results for univariate ime serics”
Chatput v Money supply m1 Money supply m2
12 ;: AICin) Sy o = AICr) SCin R : NG ) N
Lenghe

1 o yat 270 4654 0993 5 HR SA%2  (mas 5200 521
2 0. .;55" 4931°  4K3zT 09es 3519 5450 Loy B LY LR L
3 0.946 4786 4817 0956° 542" AUt husw 6264 B12u
s DOk 46ss  ader bwse 36 Saan umw| mazs et
£ 0.918 4914 4666 DYUS $.557 £308  0WS & 04 ARCIN

2 R-square sdjusied, AIC, and SC wre computed on the hasis of the least squaes rosults
reported in appendix A,
b refers 10 the highest value of R-square adjusied

< refers 1w the lowest values of AIC and 8C
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Equations (1) and (2) were estimated as described abave. The univariate and
bivaniate tme series models were estimated wsing all four stleps of the Hsiao
sequential time series procedure. Table 2 lists the FPE statistics computed on the
basis of the univariate trme serics in which each dependent variable 1s predicied by
its past alone, In hight of the resulis oblained by estimating the univariale Lime
series, the FPE statistics show that real GNP is better predicted when the order of lag
operator Fy (L) is estimated at r = 2 (i¢.; l-‘PEy(E.()) = 0,00794). The same
procedure is used to cstimate the smallest FPE for each money measure. The results
show that money supply M1 is beter predicted at r = 3, while money supply M2 1s
betler predicted at r = 4,

Table 2
Results of the FPE 1est based on univariale ume serics model FPE sl_a_lﬂcs"
ch:sm\odc] r=| =2 =1 r=4 r=5
YIEX | = Yy 000993 0.00794° 000927 001059  O.U0K43

mlfeml, | -ml 0.00667 000429 000357 000264 000443
maemd, ;M. 0.00570  0.00247  0.00210  0D00182°  0.00222
d FPE statistics are computed on the basis of the least squares results reported in

appendix A

¢ refers to the smallest FPE statistics

We now tum to select . Equation (1) is estimated holding the order of lag
operator Fy (L} at r = 2 with money lags of 1 through the maximum lag 5 for M|

and M2. Likewise, equation (2) is estimated holding the order of fag operalor Fas(l)
atr=3 for M1 and r =4 for M2 with output lags of 1 through the masimum lag 5.
Table 3 lists the FPE statistics based on  bivariale time serics resulls listed in
appendix B. The smallest FPE is achicved at g = 1 in all cases,

Table 3
Results of the FPE based on bivariate lime senes
FPE statistics’

Regression model r gq=1 gq=2 g=3 q=4 g=3

W‘-h‘x'h.z’“‘..q 2 60721 000793 000930 0.0108% 01.01230
Yoy pypmdy g 2 0007858 (L0083 000867 0.0105) 001162
mlfemly -ml ayeg 30 0003805 0.0D411 000459 U.GDATI 100587
mfo.m ) -md 4o 4 0.00189F 000212 0.00240 000230 0.0D252

I FPE siatisucs are compuied on the basis of the least squares results reported in

appendix B.
g see footsote e at table 2,
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Holding the order of the lag operator Fy,(L) at g = I with the order lag operator
Fy (L) vary from 1 (0 5. As shown in 1able 4, the FPE statisucs suggest that the
smallest FPE is achieved at s = 2 and g = 1 {or output when past M1 or past M2 are
included to explain the behavior of output. On the other hand. the smailest FPE
statistics are found at s = 3 and g = 1 for M1, and s =4 and g = | for M2 when past
output is used 10 explam the behavior of M1 and M2, respectivly.

Tn more precise words, the bivariate time serics results show that outpul s belter
predicted at s = 2and q = 1 {i.e. FPE(2,1) for cach money measure. By contrast, the
smallest FPE for money supply M1 is found al s = 3 and ¢ = |, while the smallest
FPE for money supply M2 isfoundats=4andg=|.

Table 4
Results of the FPE based on bivanate tme serics
FPE statistics "

s=1 s=2 s=3 s=4 s=3

Regressionmodel g

viey oml 1 000968 000721' 00847 000902 000925
1
]

yleyy om2y 0.01054 0.007KE'  0.00926 0.01097 000947
mifeml oy 000628 0.00458  0.003B0' G.0039T LGOS
m2em2 ¥ 1 3 0.00592  0.00243  0.00204 0.00189'  1.00236

h FPE statistics are computed on the basis of the leasi squares resuils  reported

appendix C
i see foolnole e al table 2.

To determine whether mancy Granger-causes outpul, we compare the smallest
FPE's achicved in tables 2 and 4, The smallest FPE statistic based on the bivariate
time series in which past money supply M1 15 used 10 explain the behavior of
output is found at s =2, and g = | which is smaller than the smallest FPE when past
money supply M1 is excluded (ie., FPE,(Z.I) = 0.00721 whle FPI’:\(Z’..D\ =
0.00972). This implhes that output is better predicted when past money supply M1
is used to explain the behavior of output, suggesting that M1 Granger-causes output.

Likewise, moncy supply M2 twms to affect the behavior of output, because the
FPEV(E.I) 18 smaller than the FPEY(Z.Ul (e, FPE (2,1) = 0.00786, while

FPE;(2.0] = D.00794). This result suggests that moacy supply M2 Granger-causes
output.

Ky
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To examine whether money reacts passively 10 ulput, we compare the FPE
statistics based on the bivaniate time sceies i which past output 1s used 10 explam
the behavior of money supply M1 or M2 with the FPE stanistics hased only on the
past moncy measures. The FPE statistics suygest thar money supply M1 does not
react passively 10 output when past outpul is used 1o explain the behavior of money
supply ML, That is because the FPE_(3.1) = 0.0N3R while the FPE_(3.01 =
0.00357. The same result is achieved when past output i§ used (o explain the
behavior of money supply M2.

Table S reports the OLS estimates of the models represented inwable 4 Wath
respect 10 e impact of money on vutput, the results vield evulence showing that
only M1 wms out 10 have an impact which is positve and staustcally sipmficant
only at the 10% significance level. On the other hand, Vi1 oappears o have no
impact on moncy measures. This result suppors the previows resulis found un the
hasis of using FPE approach.  As was shawn above. it becomes dilficult 1o idennfy
the separate effects of the colhnear vanables involved procisely.

Imeeestingly, the results obtamed throughout s study appear 10 be consistent
with those obtained by Chnstiana and [junggvist (1988) using US. data. This does
not. however, mean that the relationship between money and outpul always exhibits
Causation running from money 10 oulput. 1L is ohvious that such relation may
change as a result of changes i the sincture ol the cconomy, the formaton of
expectations, and the reaction of policymakers 1o changing economic iccumstances,

Table 5
Osdinary least squares results based on bivasiate ime seeies models repurted
n table 4
L)
Y= 1910 + LI0Ty g - 0.508y,.5 + 0.160m1, | R2=0.968
(2.50) (5.40) 1-2.61) (1.91)
_y'l = 1743 4 L186y, | - 0516y, , +0.099m2, | Ro=0.965
(1.94) (5.83) (-2.38) (1.40)
A .
mi, = 0.689+1716m1 (-0.967m 1, yel266m1 130097y, | R7=0.996
{1.26) (7.85) (-2.49) (1.27) (L8 1)
A
m2 =0.763+1.349m2 -0.136m2 -1 10m2, . +0.124m2 (0 (89
i vl -2 1-3 14 ‘-l
(OLIR) (5.26) (-1.27) 1-0.64) M3y (<100

RE=0 999

Figures in parentheses arc 1-ratios
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5, Conclusions

This study examines the Granger-causality from money 10 cutput in Jordan for
the sample period from 1969 through 1991 on the basis of implementativn of & FPE
methodology. [n addition 1w the FPE criterion. several critera are also used 10
determine the lag structure that appears to be sufficient 1o reflect the mterdependence
between money and output. Interestingly, the lag structure s found to be the same

across dufferent criteria,

Money supply M1 and money supply M2 are used 10 compare the robustness of
the results across different monetary measures, The FPE sunistics reveal siong
cvidence supporting the hypothesis that money Granger causes output. while the
hypothesss that money reacts passively 10 output |5 rejected all cases.
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ALKIANE

Ordinary least squares results based on univanale time series

Regression model T T 4 RSS R 2
ylew, 2 i 0 018213 04471
YICY - Y 2] 2 ] 012507 0.9563
YY1 Yy 20 1 0 0.12362 1.9462
YY) Yo 19 a n 011742 019335
YY) - Yos 18 5 0 (.07586 0.9380
mlfcml, , n 1 ] 012224 09925
mlfcml | -ml 5 21 2 0 106752 0.9949
ml/c.mlt_I ~ml, 4 20 3 0 0.04754 1LY955
mijcml, y-ml _, 19 4 ( 0.04(129 1.9958
ml/c.mll_l ~mi ¢ 53 5 { D.03988 U940
mfem2, | 2 1 (] (10447 0.9961
mlfc.nn'.‘l s m21_3 21 2 O 003893 0.9982
mzrc.mll_, -m2, 5 20 3 0 0.02806 09984
m2jc,m2, y -m2,_, 19 4 b 002021 (L9985
m2fc,m2, . - m2 ¢ 18 5 1l 0.U1996 09979

RSS = sum of squared errors; R = the adjusted coefficient of determinaton:

T = tatal number of observatons after sublracung the presamble valpes: r and q

denote the lag lengths of F,; and Fij for 1# 5, respectively,
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THE GRANGER-CAUSALITY FROM MONEY TOD OUTPUT

APPENDIX B
Ordinary least squares results based on bivariate time senes: holding £ constant and
varying g

Regression model T r q RSS R'.’
yleYy.y - Yeamly 2N 2 1 01097 09619
Yy - Yaml g -ml o 21 2 2 010243 09398
Yoy - Yeamlg -mly 20 2 3 000173 09494
yleyyy - Yeamley - Mg 19 2 4 DO9SIT 09370
iy - Ypmiy g -mly s 18 2 S 008512 09166
Yoy, g - Ym2y 21 2 1 011221 DYSRS
yieyey - Ypm2y -m2; a1 2 2 0I0R4s 0.9574
ey, g - Yipm2yy - ™23 20 2 3 009338 09535
Yy g - Yipm2y ) -m2 9 2 4 D919 0939
VICYy. g - Y22y - m2 g g2 S 008044 (19212
mlfcml  -ml 3y 20 3 1 004557 19953
mijeml -mloay oY 20 3 2 004326 09951
mlfeml, y-ml ay - ¥er 20 3 3 004415 09947
mlfeml y-ml sy -Ya 19 3 4 003649 09938
mlfeml y-ml oy Yes 18 3 5 003519 (9910
m2/cm2, ;- M2 4.y 19 a 1 001871 D9985
m2fem2,  -m2 ¥y -V 19 4 2 001860 09983
m2fc,m2 ;-m2 gyl -y, 5 19 4 3 001860 0.9982
m2fcm2 -m2 by 19 4 4 00558 09983
m2fc.m2 ;- M2 431 - Yos 18 4 5 (0.01298 09979
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ALKHA T
APPENDIX ©
Orthinary least squares resulis based on bivariace wime series:

holding y constant and varyimg s,

Regression model T N q RSS k?‘.
Yoy pmt n | | 1H16181 0.9505
yley, | - Yepml 2 2 | (10297 DYaIY
YICX . Yeaml 20 3 1 0, 115K 1LY3528
YICY g =Ygl 19 4 | 0.10002 (19390
y/c,yl_] ¥.5-ml, 8 < 1 007322 TICES Y
yiey, I‘m?‘l-l 5y | 1 117626 {9361

22 bi | 2 [ 1511221 (19583
YIENy Y3m2 20 3 | 111113 09484
Yy - Y2y 19 4 | 110840 09339
yly g - yt-am2, 1% 5 | (07500 0).4332
mh’c,ml:_l‘y‘_] »n 1 | 0. 1M1 Hu932
mifcml j-ml ¥ 2] 2 1 0.06541 (LO948
ml."c.mll_] -mly Y 20 3 1 04557 19953
mlfeml, -mi gy, 19 K } (L3RG5 (1.9944
ml,‘u.n-ll_[ -mi e, 1% 5 i (L3752 1.9922
mfe.m2, .y, 2 1 | (HOuR90 0.9961
m2em2, | -m2, Ly, 21 2 1 0103372 0.9983
m2fc,m2, | -m2 3.y, 4 20 3 I 042453 Y985
m2fem2, | -m2 oy g 19 4 1 (LOIRTL 1) Y985
m2fem, , -m2 oy 15 5 1 DOISHT 119978
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