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ABSTRACT:

The Federal Reserve Board's error- correct i  on model of 142 dernand fai ls to
explain nuch of the recent weakness in noney growth, By sl igh y general izing
the Board^mode1 , however, i ts performance r i l t [  pr ior to and iuri i rg-the recent-
episode of "missing money" can be substantial ly '  improved. The reiults suggest
that weakness. in l , l2 growth has been primari ly due to a long-run trend towiid
more eff icient use of M2 balances tolether with a normal rEsponse to a growing
gap between long-tern interest rates-and l . l2 deposit rates.



0ver the period from 1964 through 1989, there is a very high comelation

between the income velocity of the M2 monetary aggregate and the opportunity

cost of holding M2 balances, where the 
' l  
atter js measured by the dif ference

between the 3-month Treasury bi l l  rate and the average rate of return on M2

deposits. Since 1990, however, this relat ionship appears to have broken down:

the velocity of 142 has been r ising even as M2,s opportunity cost has been

fa l l ing .  See F igure  1 .  S imi la r ly ,  the  Federa l  Reserve  Board ,s  mode l  o f  l , l2

demand,  wh ich  assumes a  s tab le  long- run  re la t ionsh ip  be tween ve loc i ty  and the

T-bi11-deposit-rate spread, has systematicalty overpredicted the growth rate

of l l2 in recent years. The apparent breakdown of the historical l inkages

between M2 and the economy has led the Federal 0pen l.larket committee (FOMC) to

downwardly revise i ts 1993 i lz target growth ranges and deemphasize l , |2 in the

po l icy  mak ing  process  (Greenspan 1993) .

Th is  paper  examines  the  s tab i l i t y ,  p red ic t i ve  per fo rmance,  and f i t  o f

two modif ied versions of the l . l2-demand model used by the Federal Reserve

Board- The modif ied models explain signif icani ly more of the movement in l , l2

than does the Board model .  This improvement is evident both before and during

the recent period of missing money. Indeed, the missing money problem largely

d isappears  us ing  the  mod i f ied  mode ls ,  Fur thermore ,  in  the  mod i f ied  mode ls ,

un l i ke  the  Board  mode l ,  there  is  l i t t le  ev idence o f  s t ruc tu ra i  ins tab i l i t y .

The modif ied models dif fer from the Board nodel in two key respects:

( l )  they  a l low fo r  a  quadra t ic  ra ther  than a  l inear  t rend in  the  re la t ionsh ip

between the velocity of H2 and l4Z,s opportunity cost and (2) they al low

substi tut ion between M2 and non-l i l2 assets to be driven not just by the

difference between Treasury-bi1l rates and l ' lz deposit rates but, also, by the

difference between long-term bond rates and l4z deposit rates, In addit ion,

one of the models uses househoid expenditures on non-durables and services,



ra ther  than GNP,  as  a  long- run  sca le  var iab le .  Impor tan t ly ,  bo th  the

coeff icient on the square of t ime and the weight attached to the long-tenn

bond ra te  a re  s ta t i s t i ca l l y  s ign i f i can t  even pr io r  to  the  per iod  o f  miss ing

money . I

The results reported here suggest that the recent weakness in lr l2 growth

has been primari ly due to a long-run trend toward more eff icient use of l i l2

balances together with a normal response to a growing gap bethreen long-term

interest rates and l , l2 deposit rates. Other factors--such as the activi t ies of

the  Reso lu t ion  Trus t  Corpora t ion  (RTC) ,  d is in te rmed ia t ion ,  and househo lds ,

evident aversion to debt--have played at most a secondary role in sluggish tr l2

growth. The bottom l ine is that i t  has not been the behavior of H2 that has

been unusual in recent years so much as i t  has been the behavior of long-term

interest rates relat ive to short-term and deposit interest rates.

Feinman and Porter (1992) take an approach similar to that adopted here,

modeling l t l2 's opportunity cost as the dif ference between a weighted average of

competing interest rates and a weighted average of own interest rates, where

both sets of weights are estimated along with the rest of the money-demand

equation.2 unfortunateiy, data I imitat ions force Feinman and porter to use a

money demand equation that has been str ipped of i ts short-run dynamics.

Furthermore, Feinman and Porter do not al low for any long-term trend in the

.  I  In  cont ras t ,  Mehra  (1992) - -us ing  a  mode l  tha t  d i f fe rs  f rom the  Board ,spr inc ipa l l y  in  tha t  i t  i s  f i rmu l -a ted  in - rea l  ra ther  than norn ina l  tenns- - f inds
tha t , the  l0  -year -  Treasu ry  bond ra te  has  a  s ta t i s t i ca l l y  s ign i f i can t  e f fec t  on
the demand for M2 oniy when the sample period extends jnto-the 1990s. l lore on
Mehra's model l  ater. 

-

) _ .- lhe competing. rates include the yields on S-year Treasury notes and
jf-rear lreasury bonds,. and the interest rate charged on 4g-month auto loans,
Ine own rates include the rates of return avai lab' le on other checkable
depos i ts ,  sav ings  accounts  and money marke t  depos i t  accounts ,  cer t i f i ca tes  o f
oepos l [ ,  and money marke t  mutua l  funds .



money-demand equation they estimate. As a result of these omissions, the

Feinman and Porter mode' l  exhibits clear synptoms of structural instabi l i ty.3

Sect ion  I  p rov ides  a  qu ick  overv iew o f  the  Board ,s  M2 mode l  and

demonstrates the model 's inabi l  i ty to account for the recent weakness in Ir lZ

growth. section 2 presents the modif ied models and compares their performance

to that of the Board model .  section 3 discusses the role of RTC activi ty, the

s lowdown in  consumer  bor rowing ,  and d is in te rmed ia t ion  in  exp la in ing  the

cuffent episode of missing money. section 4 examines whether there rnight not

have been a missing-money episode in the early 1960s. A summary of major

resu l ts ,  w i th  po1 icy  d iscuss ion ,  conc ludes  the  paper .

I .  THE CORPUS DELICTI

A detai led descript ion of the Federal Reserve Board,s M2 demand model

can be found in l4oore, Porter, and Small  (1990). Brief ly, the model assumes

that there is a stable long-run relat ionship between the income velocity of i l2

and M2's opportunity cost, where the latter is measured as the dif ference

between the yield on 3-month rreasury bi l ls and the average rate of return on

l l2 deposits. M2 growth tends to accelerate when velocity is above i ts long-

run  equ i l ib r ium va lue  and to  dece le ra te  when ve loc i ty  i s  be low i ts  long- run

equil  ibr ium value. Honey growth is also inf luenced by near-term movenents in

M2's opportunity cost and consumer spending, and by regulatory changes such as

the introduction of money market deposit accounts ( in December lgga) and

cred i t  con t ro l  s  (1980) .

3 Feinnan and Porter,s estimates of intercept and error- correct i  on
coefficients change.by nore than two standard errbrs when they extend ihe end
of .  the i r  sample per iod f rom 1989:Q4 to  1992:Q2.  Est imated va iues of  severa l
interest-rate welghts also change by more than two standard errors.



Formal ly, the Board model takes the form:

Azm. = 6r^993Ql + crrD83Q2 + c..DC0N + c4(vt_r

+ csAoct + c.(Ax. - Amt-l) + c*(Ax.- '

+ c., (Ax._, - Am._, ) + e.

-  V*  a- ,  )

-  Am.-1)

( l )

where A and A2 are

respec t ive ly ,  e .  i s

vl = co + ct t + ca DMl.,lDAt * c3 ocs , (2)

oc t= ln (R3Mot -RMzt ) (3)

f i  rst -di f ference and second -d i  f ference operators,

a random error term,

m = 1n(nominal l '12)

D83Ql = dummy equal to I in 1983:Ql to control for MMDAs

083Q2 = dunmy equal to I in 1983:Q2 to control for lrlMDAs

DCON = I in 1980:Q2 when credit controls imposed
- l  in  1980:Q3 a f te r  c red i t  con t ro ls  l i f ted

v  =  ln [h (GNP + GNp- ' ' ) / (nomina l  HZ) ]

R3140 = yield on 3-month Treasury bi l ls

Rl. l2 = average interest rate paid on MZ balances

x  =  1n(nomina l  persona l  consunpt ion  expend i tu res)

DMMDA:  durnmy equa l  to  I  beg inn ing  in  1982:Q4,

and where i t  is presumed that c. and co are both posit ive. In practice,

equations 2 and 3 are substi tuted direc y into equation l ,  and then the

combined equat ion  is  es t ina ted  us ing  ord inary  leas t  squares .



The second and third coiumns of Table I present est imates of the Board

nodel over the period from 1964:Ql through 1986:Q4 and the period from 1964:Ql

th rough 1989:Q4,  respec t ive ly .a  In  bo th  co lumns,  the  coef f i c ien t  on  v ._ , ,  i s

s ta t i s t i ca l l y  s ign i f i can t  and o f  the  expec ted  s ign ,  jnd ica t ing  tha t  money

growth does, indeed, tend to acclerate when velocity exceeds i ts long-run

equ i l  ib r ium va lue .  The negat ive  coef f i c ien t  on  oc t - l  ind ica tes  tha t ,  as

expected, long-run velocity is an increasing function of l lZ,s opportunity

cos t .  (The imp l ied  long- run  e las t i c i t y  o f  ve loc i ty  w i th  respec t  to  changes in

the  oppor tun i ty  cos t  i s  - ,0104, / .178 =  - .058 over  the  sample  per iod  end ing  in

1986 and - .0107/ .191 =  - .056 over  the  sample  per iod  end ing  in  1989. )  The

coeff icient attached to the t ime variable suggests that the velocity of Flz has

exhibited a small  upward trend after control ing for movements in l , l?,s

opportunity cost.

l lhen the sample period is extended through the end of 1992, problens

becone apparent. Thus the coeff icients of oc.-,  and v.- '  reported in the

fourth column of Table t dif fer from their counterparts in the second and

third columns by more than two standard eruors. The same is true of the

constant term. The f i t  of the equation markedly deteriorates. l lhen an

addit ive dummy variable is introduced into the noney denand equation over the

post-1989 sample, as ih the f i f th co' lumn of the table, the coeff icient

a t tached to  the  dummy is  h igh ly  s . ign i f i can t .  The magn i tude o f  th is

coeff icient indicates that money growth has been over three percentage points

per year lower in the post-1989 period than can be accounted for by the Board

. _-0.-.The starting date for the sample is that customarily used
staf f  ( l4oore,  e t .  a l ,  1990) .  Because I  use af ter - tax ra ther  than
interest  ra tes in  ca lcu la t ing the oppor tun i ty  cost  o f  ho ld ing M2
coefficient estimates reportid in Tible I arir tr ivial ly diff6rent
reported by, for example, Duca (1993, forthcoming). 

-

by the Board
pre-tax

bal ances, the
from those



model .

As a further test of the structural stabi l i ty of the Board model ,  the

model was re-estimated after including a dummy variable for each observation

s ince  the  beg inn ing  o f  1990.  I f  the  mode l  i s  s tab ' le ,  the  dummy var iab les

shou ld  fa i l  to  be  jo in t l y  s ign i f i can t  (Dufour  1980) .  l to re  genera l l y ,  by

exanining the pattern of coeff icients attached to the dunrmy variables, one can

get some idea whether the Eoard model has been consistently off  target, or has

fai led only in one or two quarters. Results are reported in Table Z.

The hypothesis that the coeff icients of the dummy variables are equal to

zero is rejected at the one-percent signif icance level .  The coeff icients are

cons is ten t ly  negat ive  in  s ign ,  Ind iv idua l  coe f f i c ien ts  a re  s ta t i s t i ca l  l y

s ign i f i can t  in  1990:Q4 and f rom 1991 :Q3 th rough the  end o f  1992.  The imp l ied

shortfal ' l  in M2 growth is fair ly small  in 1990 ( just under 2.0 percent,

annua l ized) ,  bu t  r i ses  to  over  7 .0  percent  in  1992.

Taken together, these results provide compell ing evidence that the

Federa] Reserve Board's ll2 demand model has broken down. The model has been

overpred ic t ing  M2 growth  s ince  the  beg inn ing  o f  1990- -s ign i f i can i l y  so  s ince

the middle of 1991. The predict ion errors have, i f  anything, gotten larger

th rough t ime.5

Resu1ts very similar to those reported in Tables I and Z for the Board
model are also obtained using Mehra,s mohel of real l l2 growth (l lehra 1992,
1993) .  l lhen a.post -1989 dummy var iab le  is  in t roduced i ; to  Mehia,s  model  ,  i t
is  .neg_at ive and s tat is t ica l ly  s ign i f icant  a t  wel l  under  the l -percent  leve l  .
Individual_Dufour dummy vari iblei are consisten y negative, ahd are
stat is t ica l ly  s ign i f icant  a t  the S-percent  leve l  i rom-1991:Q3 through 1992:Q4.
collectively, the_Dufour dummy varihbles are signif icantly ri i f ferenl from zero
at  the 5-percent  leve l  ,  Thus l lehra,s  (1992)  c l i im that  h is  model  does not
d isp lay s ign i f icant .  post -1989 lnstab i l  i ty  i3  qu i te  sens i t ive to  the sample
per iod.over  which the model  is  est imated.  ( l . le 'hra s tar ts  h is  sample in  igsg:Qt
l lg^e lqs. i t  in  1992:Q2.  l ' ty  sample per iod bdgins in  1964:Ql  and iuns through '
1992 :  Q4.  )



2. THE IIODIFTED I'IODELS

2.1 The General lzed Income-Vel oci ty l lodel

The recent unusually slow growth in 142 has been accompanied by a growing

gap between long-term interest rates and l i l2 deposit rates, and by large f lows

of cash into the stock and bond markets. (For a plot of the long-terrn bond

rate less the M2 deposit rate, see Figure Z,) These facts suggest that

households may view stocks and longer-tenn bonds as substi tutes for l l2

depos i ts .  To  a l low fo r  th is  poss ib i l i t y ,  I  in t roduced the  ra te  o f  re tu rn  on  a

long-term security into the formu'la for the opportunity cost of holding

N2.6'7 In the general ized model ,  equation 3 is replaced by:

oct = tnlpRloyRt + (l - F)R3Mot - Rl42sJ,

where RI0YR denotes the after-tax rate of return on lO-year

where B is a parameter to be estinated. Note that equation

Board 's  spec i f icat ion when p = 6.

Equations I and 2 were also generalized. To al low for

(3' ,  )

the  poss ib i l i t y

that the short-run dynamic impact of the new opportun i ty- cost variable might

differ from that of the old opportun i ty- cost variable, an addit ional lagged

change in the opportunity cost was introduced into equation l. Thus, equation

Treasury bonds and

3' reduces to the

6 An alternative approach is to expand the exist ing M2 aggregate to
include bond market mutual funds or stock and bond markei mutfai f-unds _
Interestingly, adjusting M2 for bond and stock funds does not, by i tself ,
el iminate very much of the recent H2-growth shortfal l  (Duca 19931
forthcoming). For further discussion-of the propert iei of an exfanded
aggregate, see Feinman and Porter (1992) and the Appendix.

.  
7  Hamburger  (1977,1983)  was an  ear ly  advocate  o f  inc lud ing  ra tes  o f

return on long-term securit ies as r ight-hand-side variables in m-oney demand
equat i  ons ,



I was replaced by

Azm. = 6*Pg3Ot *

+ crAoc. +

+ c6A (axt-l

c4 (vt-r -  v*t-r )

An. -1 )

-  Arn t - l  )  +  e t .  (1 ' )

czB 083Q2

claoc._',
-  Am. -1 )

+ czcDC0N +

+ cu (Ax. -

+ cr, (Ax.-,

A1so,  to  a l  low fo r  the  poss ib i l i t y  tha t  the  pace o f  f inanc ia l  innovat ion  (as

measured by trend growth in MZ's velocity) might be accelerat ing, the I inear

t ime trend incorporated into the Board model was replaced with a quadratic

t ine trend. Forma1ly, equation Z was replaced by

vl = co + c,t + cit2 + crDI'lMDAt + caoct (z',)

Table 3 presents estimates of the general ized M2 rnode' l  .  The fonnat of

the  tab le  i s  s im i la r  to  tha t  o f  Tab le  l ,  except  tha t  the  es t imated  va lues  o f

three addit ional coeff icients are reported.

In a1l respects, the perfornance of the general ized model appears

superior to that of the original Board model .  The R2,s of the general ized

equations are substantial ly higher than those of their counterparts in Table

l.  The weight attached to the lO-year bond rate in the opportunity cost term

and the  coef f i c ien t  o f  t ime squared are  s ign i f i can t - -bo th  s ta t i s t i ca l l y  and

economical ly--even in sample periods that end we' l l  before the emergence of the

missing l t l2. More general ly, parameter est imates appear to be quite stable

across sample periods: est inates are always within two standard errors of one

another and are usually within one standard error. l lhen a dummy variable is



in t roduced over  the post -1989 per iod (co lumn 5) ,  i ts  coef f ic ient  is

s ta t is t ica l ly  ins ign i f icant ,  The point  est imate of  th is  coef f ic ient  is  on ly

one third the size of that reported in Table l: the generalized model

underpredicts f. l2 growth by only about l-percent per year since 19g9, as

compared with an over 3 - percent - per-year shortfal l  using the Board model .

The improved performance of the generalized model is also reflected in

Tab'le 4, which reports results from an estimation that includes a sequence of

Dufour dummy variab'les. Note that the Dufour durmies are now both

ind iv idual ly  and jo in t ly  ins ign i f icant .  Thei r  est imated coef f ic lents  are,

however, consistently negative, and there is sti l l  sone tendency for their

magni.tudes to increase with t ime.

2.2 Using Consumptlon as the Long-Run Scale Variable

As noted earl ier, the Board,s l, l2 model a' l lows movements in consumption

to have a short-run impact on noney growth, but uses smoothed GNp as its long-

run scale variable. The fact that the recent slowdown in l l2 growth has been

accompanied by unusually weak consumption spending suggests that the

assumption that it is GNP rather than some measure of consumption that drives
'long-run 

money denand merits closer examinaffon.s Accordingly, I estinated a

variant of the generalized 1rl2 demand model in which nominal household

expenditure on non-durables and services was used as both the long-run and

For evidence of the slowdown in consumptlon, see
Per ry  and Schu l tze  (1993) .  For  a  n ice  d iscus j ion  o?  the
theoretical reasons for bel ieving consumption rnight be a
than GNP,  see Hank iw and Surnmers- (1996) , '

Blanchard (1993) and
practical and
better scale vari  abl e



shor t - run  sca le  var iab le .e  Resu l ts  a re  repor ted  in  Tab le  5 .

The frz's reported in Table 5 are only sl ighi ly below those reported in

Table 3' and remain well  above those obtained using the Board model .  Again,

the estimated coeff icients of the lO-year bond rate and of t ime squared are

economica l l y  and s ta t i s t l ca l l y  s ign i f i can t  even in  re la t i ve ly  ear ' l y  sample

periods. Parameter stabi l  i ty appears to be excel lent--better even than that

ob ta ined in  the  income-ve loc i ty  vers ion  o f  the  genera l l zed  mode l .  l . t i th

consumpt ion  as  the  long- run  sca le  var iab le ,  no  coef f i c ien t  es t i rna te  var ies  by

even as much as one standard error across samples. The estinated coeff icient

on  the  pos t -1989 dummy var iab le  i s  iden t ica l  in  Tab les  3  and 5 :  bo th  mode ls

.account for about two-thirds of the money growth left  unexplained by the Board

mode l  .  In  Tab le  5 ,  as  in  Tab le  3 ,  the  coef f i c ien t  on  the  dunrmy var iab le  i s

s ta t i s t i ca l1y  l  ns  i  gn  i  f i  can t .

The consumption-velocity version of the generarized model performs

part icularly wel l  in the Dufour dununy test. As shown in Table 6, not only are

the  dumny var iab les  bo th  ind iv idua l l y  and co l lec t i ve ly  ins ign i f i can t ,  they

exh ib i t  I i t t le  o r  no  tendency  to  g row in  magn i tude as  the  sample  is  ex tended,

The dumrny coeff icients are, however, consisten y negative in sign.

There are several notable dif ferences between the parameter est imates in

Table 5 and the conesponding estimates in Table 3. The error-correct i  on

coeff icient (co), for exampre, is sma er in the consumption-velocity version

of  the  genera l i zed  mode l  than in  the  income-ve loc i ty  vers ion .  0n  the  o ther

, . .t f lg val_idity of th.e error .correct i  on approach hinges upon thestat ionar i ty  o f  the term (y ._r  -  v . ._ , , )  in  equaf ion l .  Th6 res iduals  f rom aregression of the log of thi 'consuription veiocity or money on- vi i lautes rromthe risht-hand-side 6f equation z; i ie inieea-it i t ioniiv." i lationii i i i  cannotbe rejected even in the iase where the coirricieni oi-t ime;qu;;;;- i ;"
constrained to be zero.

10



hand, the long-run interest e1 astici ty of the demand for money is somewhat

larger in magnitude in the consumption-velocity model than in the income-

velocity model .10 The same is true of the weight, F, attached to the long-

run interest rate.

2.3 A l{ore Detalled Look at the l'lodel s, Recent performance

Table 7 compares the mean emors and root nean square errors generated

by the Board model over the post-1989 period with those of the general ized

income-velocity and consumption-velocity models. Two sets of results are

presented: one based upon model est imates over a sample period extending from

.1964:Ql through 1989:Q4, and the other upon model est imates extending from

1964:Ql  th rough 1992:Q4.  Accord ing  to  co lumn th ree  o f  the  tab1e,  when

estimated over the 1964:Ql-1989:Q4 sample period the Board model overpredicts

money growth frorn 1990 through 1992 by an average of over one percentage point

per quarter. 0ver the sane period, the general ized income-velocity model

overpredicts money grovrth by between four and five tenths of a percentage

point per quarter, and the general ized consumption-velocity model over

predicts money growth by only a third of a percentage point per quarter. l , lhen

the sample period over which the nodels are estimated is extended to the end

of 1992' the performance of the general ized models improves further relat ive

to that of the Board model: the Board model overpredicts money growth by an

average of about 1.5 percentage points per year, as compared to an average

-  
to  

fh . .  long- run .  in te res t  e las t i c i t y  i s  found by  d iv id ing  the  coef f i c ien t
o f .9 . , - . , |  by - the  coef f i c ien t  o f  v . - , .  (The ia t te r  coe?f ic ien t  i s ,  o f  course ,  an
estimate of cn--the^ error correction ioeff icient.) In the incorne-velocity
mode l '  es t imates  o f  the  long- run  in te res t  e las t i c i t y  range f rom - .0164/ .1 -99
= - .08? to  - .91 !9 l . lq3  =  - .092.  In  the  consumpt ion- -ve lo i i t y  mode l  ,  es i imates
range f rom - .013?/ .130 =  - .102 to  - . } tZB/ .120 =  - .107.

il



overpredict ion of less than .3 percentage points per year using the

general ized models. The general ized models account for over 80 percent of the

n iss ing  money.

The root mean square errors displayed in the second and f i f th columns of

Table 7 provide an alternative measure of the perfornance of the models over

recent quarters. In both columns, the root mean square enor of the

general ized income-velocity model is over 50 percent smaller than that of the

Board nodel .  The root mean square error of the general ized consumption-

velocity model is over 70 percent sma'l ler than that of the Board model .

Final ly, Table 8 presents results from encompassing tests based on the

recent performance of the money demand models, l lodel A is said to encompass

Model B i f  forecasts obtained from l ' lodel A contain useful information that is

not contained in the forecasts of Model B. I f  l lodel A encompasses l lodel B and

l ' lodel B fai ls to encompass Model A, then l . lodel A is clearly superior to l i lodel

B. As a practical nratter, to determine whether l4odel A encompasses l . lodel B

one can regress lrlodel B's forecast errors on the difference between the

forecast errors of lr lodel B and the forecast errors of Hodel A. I f  the

coef f i c ien t  on  the  d i f fe rence ln  e r ro rs  i s  s ta t i s t i ca l l y  s ign i f i can t ,  then

lt lodel A encompasses Model B. similar ' ly, i f  a regression of Model A,s forecast

errors on the dif ference between the forecast errors of odels A and B yields

a  s ta t i s t i ca l l y  s ign i f i can t  coe f f i c ien t ,  then l . lode l  B  encompasses  mode l  A .11

The f irst two rows of Table 8 show that the general ized income-velocity

nodel encompasses the Board model over the period of the missing money,

whereas the Eoard model fai ls to encompass the general ized income-velocity

For  a  de ta i led  descr ip t ion  o f  the  encompass ing  tes t  used here ,  see
Chong and Hendry (1986).
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model .  That is, the forecasts of the general ized income-velocity mode' l  are

unambiguously superior to those of the Board model over the three-year period

f rom 1990:Ql  th rough 1992:Q4.  S imi la r ly ,  the  resu l ts  d isp layed in  the  th i rd

and fourth rows of Table 8 show that the general ized consumption-velocity

model dominates the Board model .  Final ly, the fact that the dif ference in

errors between the incone-velocity and consumption-velocity models helps to

explain the errors of the incorne-velocity model but not the errors of the

consumption-velocity model shows that the forecasts of the consumption-

velocity model are unambiguously superior to those of the income-velocity

nodel .

In summary, judging between the models solely on the basis of their

recent performance, the general ized consumption-velocity model of 142 denand

signif icantly outperforms the general ized income-velocity model ,  Both the

general ized consumption-velocity model and the general ized income-velocity

model signif lcantly outperform the current Federal Reserve Board model .

3. OTHER EXPUI}IATIONS ()F THE IIISSING I{OT{EY

Duca (1993, forthcoming) has suggested that Resolut ion Trust Corporation

(RTC) activi ty may be responsible for much of the weakness in M2 growth since

1989, There are two reasons why RTC activi ty might have an adverse impact on

the  demand fo r  M2 depos i ts .  F i rs t ,  when a  th r i f t  i s  , , reso1ved, ' ,  i t s

depositors are forced to real locate their portfol ios sooner than would

otherwise have been the case. In an environment where interest rates on nevf

bank deposits have fal len, nany of those who have deposits at a resolved

thri f t  wi ' l l  choose to shif t  assets out of lr l2 and into the stock and bond

markets. Second, as more and more thri f ts are resolved, people becone aware

t3



tha t  there  is  a  ca l l  r i sk  assoc ia ted  w i th  bank  t ime depos i ts .  Th is  newly

perceived cal l  r isk reduces the attract iveness of bank t ime deposits for any

given spread between market interest rates and bank deposit rates,

During 1992, there was an addit ional special reason for weak M2 growth:

for a t ime, the f loor rate of return on 6-month savings bonds exceeded the

ra te  o f  re tu rn  ava i lab le  on  shor t - te rm Treasury  b i l l s .  Th is  y ie ld  gap may

have resu ' l ted  in  d is in te rmed ia t ion- -a lbe i t  d is in te r rned ia t ion  induced by  an

art i f ic ial f loor on the return from an asset competit ive with bank deposits

ra ther  than by  an  ar t i f i c ia l  ce i l ing  on  bank  depos i t  ra tes  themse lves ,

Duca f inds that of several possible alternative measures of RTC

activi ty '  the measure that best accounts for the missing M2 is the change in

the quarterly average cumulated stock of resolved deposits. He measures the

incent lve  fo r  d is in te rmed ia t ion  us ing  a  var iab le  tha t  equa ls  e i ther  zero  or

the f loor yield on 6-month savings bonds minus the yield on 6-month rreasury

bl l ls, whichever is greater. Table 9 reports est imates of the Board model ,

the general ized income-velocity model ,  and the general ized consumption-

velocity model ,  each expanded to include Duca's RTC and disintermediat ion

variables (denoted 0RTC and DISINTER, respectively).

Results displayed in the second column of rable 9 confirm that both the

RTC var iab le  and the  d is in te rmed ia t ion  var iab le  a re  h igh ly  s ign i f i can t ,  and o f

the expected sign, when added to the Board model .  However, when the same

var iab les  are  added to  the  genera l i zed  mode ls ,  the i r  es t imated  coef f i c ien ts

are  s ta t i s t i ca l l y  ins ign i f i can t  and cons iderab ly  reduced in  magn i tude (co lumns

three and f ive). In contrast, the coeff icient of t ime squared and the weight

placed upon the lO-year bond rate in the opportunity cost formula are both

s ta t i s t i ca l l y  and economica l l y  s ign i f i can t  in  every  regress ion  in  wh ich  they
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are i  ncl uded.

Qua l  i ta t i ve ly  s imi la r  resu l ts  a re  ob ta ined when the  RTC var iab le  i s

replaced by a variable designed to capture the incentive for households to

reduce debt by drawing down l l2 deposit balances. The spread between the

interest rates charged on consumer loans and the interest rates paid on i l2

depos i t  ba lances  has  been unusua l ly  w ide  in  recent  years . t .  The phase-out  o f

the tax deduction for interest on consumer instal lment loans has contr ibuted

to  the  w iden ing  o f  th is  gap,  as  have r i s ing  cos ts  o f  depos i to ry

in te rmed ia t ion .  I t  seems p laus ib le  tha t  househo lds  wou ld  respond to  th is

unusually wide gap by using some of the funds that they would normally have

placed in a bank account or cert i f icate of deposit to reduce their outstanding

credit-card balances, make larger-than-usual dovrn payments on new cars and

other consumer durables, and pay down their home-equity loans. In effect, a

low level of consumer debt night serve as a substi tute for a high 
' level 

of l . l2

balances. In an effort to incorporate this rnargin of substi tut ion into the

money demand mode ls ,  equat ion  3 'was  genera l i zed  to  a l ' l ow the  oppor tun i ty  cos t

of holding money to depend upon the average interest rate on consumer

instal lment debt, in addit ion to the yields on 3-rnonth rreasury bi l ls and l0-

year Treasury bonds. The estimated weight attached to the consumer loan rate

is  l i s ted  as  T  in  the  th i rd  and f i f th  co lumns o f  Tab le  9 . r3  The repor ted

resu l ts  ind ica te  tha t ,  l i ke  the  RTC and d is in te rmed ia t ion  var iab les ,  the

consumer  loan ra te  i s  s ta t i s t i ca l l y  ins ign i f i can t  when inc luded in  the

12 See Fe inman and por te r  (1992) ,  Char t  3 ,
t3 .  

. In . th "  regress ions  repor ted  in  Tab le  9 ,  the  consumer  loan ra te  i s
assuned to  have a  zero  we lgh t -p r io r  to  the  per iod  o f  miss ing  money ( i .e ,  p r io r
to  1990:Ql ) .  However ,  very  s i in i la r  resu l ts 'a re  ob ta ined wh6n the-cdnsumer
loan ra te  i s  a l lowed to  have a  non-zero  we igh t  beg inn ing  in  1972,  when
consumer  loan ra te  da ta  f i rs t  become ava i la6 le .
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general ized noney-denand model s.

Although the RTC, d i  s i  ntermed i at i  on, and debt-paydown variables are

s ta t i s t i ca l l y  ins ign i f i can t  in  the  genera l i zed  mode ls ,  the i r  coe f f i c ien ts  have

the  expec ted  s igns .  Inc lud ing  these var iab les  in  the  regress ions  somewhat

improves the nodels'  post-1989 f i t .  (Compare the mean errors and root mean

square errors reported at the bottom of columns three through six in Table g

to the corresponding errors reported in Table z.) Furthermore, the inclusion

of RTC' disintermediat ion, and debt paydown variables sometimes improves the

stabi l i ty of key parameters, Increased parameter stabi ' l  i ty is part icularly

noticable in the income-velocity version of the general ized money demand

mode l  . ra  Accord ing ly ,  one can no t  ru le  ou t  the  poss ib i  l i t y  tha t  RTC,

disintermediat ion, and debt paydown effects have contr ibuted to the recent

weakness in l i l2 growth. Any contr ibution from these sources has obviously been

dwarfed, however, by the cornbined effects of a long-run tendency towaro more

eff icient use of M2 balances and a growing gap between long-term interest

rates and M2 deposit rates,

4. tt0RE [Issl]tc ]i0NEY?

As noted above, the Board staff typical ly uses a 1964:Ql start ing date

for est imation of i ts [12 model .  However, consistent l . l2 data are avai lable al l

the way back to the beginning of 1959. lr lhen the sample period used to

estimate the Board model is extended to include the pre-1964 data, evidence of

, 
1a 

-For-examp]g! the error- correct i  on coefficient (the coefficient of
Yr-,t) f.Jl i  frop-_.-f9-2,to .163 in Tabte 3 as the end of ihe sample period is
extended f rom._1989:Q4- to 1992:Q4.  l l i th  RTC, d is in termediat ior i ,  a id  debtpaydown variables included in the regression, the same coefficient only drops
to ' l84.or_.186 (Table 9,  co lumns th iee and four) .  Increased s tab i l i t !  is '
also notabie in the estimates of the interest-raie weighting parameterl p, and
the coef f ic ient  o f  t ime squared.
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a pos t -1989 breakdown in  the  mode l  remains  s ta t i s t i ca l  l y  s ign i f i can t ,

l i loreover, tests indicate that the Board model seriously over-predicts H2

growth prior to 1964. Thus, using the Board model, there are two periods of

miss ing  noney- -one in  the  ear ly  1990s  and the  o ther  in  the  ear ly  1960s .  In

contrast, the l l2 growth predict ions of the general ized income-velocity and

general ized consumption-velocity model s are without signif icant bi as.

To tes t  the  sens i t i v i t y  o f  the  pos t -1989 miss ing  money to  a  change in

the start ing date used in estimating the Board model ,  two regressions were

run. One of these regressions included Dufour dummy variables extending from

1990:Ql through 1992:Q4, and the other included a single durnmy variable equal

to  one f rom 1990:Ql  th rough 1992:Q4.  Resu l ts  a re  d isp layed in  Tab le  10 .

l r lh i le  on ly  four  o f  the  Dufour  durnmy var iab les  are  ind iv idua l l y  s ign i f i can t ,

every Dufour coeff icient is negative, and the hypothesis that al l  the

coeff icients are equal to zero is reJected at the S-percent signif icance

level .  The single dummy variable has a coeff icient that is negative and

s ign i f i can t  a t  the  l -percent  leve l  .  Thus ,  our  ear l ie r  conc lus ion  tha t  the

Board model breaks down after 1990 is not sensit ive to an extension of the

sample  per iod  to  inc lude pre-1964 da ta .15

The second and third columns of Table 1l present evidence that the Board

15 I  conducted  s imi la r  exerc ises  (w i th  sample  per iods  beg inn ing  in
1959 :Q4).-for the general i  zed i  ncome-velbci ty and coisumpti on-vi l  oci t-y mode' l  s,
and for Mehra's model of real 142 growth. Dufour dummy variables thal run fr6m
1990:Ql  th rough 1992:_Q4_are  ne i ther  ind iv idua l l y  nor  io l lec t i ve ly  s ign i f i can t
in  the .genera l i zed  mode ls .  A  dummy var iab le  th i t  equa ls  one f ro i r  lg i0 :Q l
th rough 1992:Q4 is  a lso  s ta t i s t i ca l l v  i  ns  i  qn  i  f i  can t  

'when 
in t roduced in to  the

genera l i zed  mode ls .  A l l  four  1992 D i r four  dummies  are  s ta t i s t i ca l l y
s ign i f i can t  a t  the  S-percent  Ieve l  in  l , lehra ,s  mode l  ,  and the  F  s ta i i s t i c  fo r  ajo in t  tes t  o f  the  en t i re  se t  o f  Dufour  dummy var iab ies  is  s ign i f i can t  a t  the
10-percent level (but not the S-percent tev6l).  When a dumnr! variable that
equa ls  one over  the  en t i re  in te rva l  f rom 1990:Ql  th rough 1992:Q4 is  in t roduced
in to  l4ehra 's  mode l  ,  i t  i s  s ign i f i can t  a t  we l l  under  th i  l -percent  leve l  .
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model breaks down, not just after 1990, but also prior to 1964. Again, two

regressions were run, one with Dufour dummies in each quarter from 1959:Q4

through 1963:Q4, and the other with a single dunrny variable equal to one from

1959:Q4 through 1963:Q4. The coeff icients of the Dufour dunrmies are

cons is ten t ly  negat ive  in  s ign ,  and nany  are  s ta t i s t i ca l l y  s ign i f i can t .  The

hypothesis that the Dufour coeff icients are al1 equal to zero is reJected at

the S-percent signif icance level .  The coeff icient of the s. ingle dummy

var iab le  i s  negat ive  and s ta t i s t i ca l l y  s ign i f i can t  a t  the  l -percent  1eve l  .

I ts point est imate indicates that the Board model over-predicts money growth

by over 3 percent per year, on average, in the pre-1964 period. This

shortfal l  is a]rnost identica' l  to that generated by the Board model in the

pos t -1989 per iod  (Tab le  l ,  co1  .  5 ) .

As shown in columns four through seven of Table l l ,  when Dufour dummies

are introduced into the general ized income-velocity and consumpt i  on -vel oci ty

models, individual coeff icients are rarely signif icant. One cannot reject the

hypothesis that the Dufour coeff icients are, col lect ively, equal to zero.

l ' lhen a single dummy variable is introduced into the models, i t  too is

ins ign i f i can t .  Thus ,  the  genera l i zed  mode ls  succeed in  exp la in ing  the  pre-

1964 nissing money much as they succeed in explaining the post-19g9 missing

money,

The superior performance of the general ized nrodels in the pre-1964

period is confirned by encompassing tests. As shown in Table lZ, the

difference between the errors of the Board model and the errors of the

general ized income-velocity model helps to explain the errors of the Board

nodel but not the errors of the general ized income-velocity model .  That is,

the forecasts of the general ized income-velocity model are unambiguously
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superi0r to those of the Board model over the pre-1964 sanple period. The

forecasts of the general ized consumption-velocity model are also unambiguously

superior to those of the Board model ,  0n the other hand, the ranking of

general ized consumption-vel ocity and general ized incorne-velocity model s

re la t i ve  to  one another  i s  unc lear .

5. SU}II'IARY AIID I}IPLICATIO}IS

Growth in the l i lz monetary aggregate has been weaker than is consistent

with widely used models of the demand for money. The results presented here

suggest  tha t  near ly  a l l  o f  th is  recent  weakness  is  a t t r ibu tab le  to  a  long- run

trend toward more eff icient use of M2 balances combined with a normal response

to the growing gap between long-tenn interest rates and l '12 deposit rates,

Apart fron i ts impact on the wil l  ingness of banks and other savings

insti tut ions to narrow the interest rate gap, the thri f t  resolut ion process

has played at most a minor role in depressing growth in the dernand for M2

ba lances .  s im i la r ly ,  inso far  as  househo lds  regard  a  low leve l  o f  debt  as  a

substi tute for high l . l2 balances, the incentive to reduce debt by drawing down

M2 deposits appears to be adequate' ly captured by the spread between long-term

bond rates and M2 deposit rates.

Both the presence of a quadratic trend in l . lz velocity and the inf luence

of long-term interest rates on 142 demand are discernable in sample periods

that end well  before the "missing l , l2 ' ,  emerged as a problem. This fact

provides some reassurance that the roles played by the trend and the Iong-terrn

in te res t  ra te  in  exp ' la in ing  the  miss ing  money are  no t  spur ious .  Never the less ,

t ime trends inevitably carry with them an aura of ad hockery, In future

research, analysts may weli  wish to experiment with other, more direct proxies
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for the effects of f inancial innovation on the demand for noney.16

The fact that a rnonetary aggregate is explainable does not necessari ly

mean that i t  can be used successful ly as an intermediate target. To serve as

an intennediate target, i t  is desirable that a monetary aggregate be both

control lable and close' ly l inked to a measure of economic activi ty that is of

interest to pol icy makers. Insofar as the demand for M2 depends upon the

spread between long-term interest rates and deposit rates--as results obtained

here strongly suggest--and this spread is subject to unpredictable movements,

the  use fu lness  o f  M2 as  an  in te rmed ia te  ta rge t  i s  ca l led  in to  ques t ion .

Adding to doubts about the usefulness of MZ targeting are results suggesting

that the demand for l . l2 may be more rel iably l inked to a subcategory of

consumption spending than to total output.

The fact that a rnoney aggregate is explainable also does not necessari ly

mean that i t  can be used successful ly as a leading indicator. However,

Feldstein and stock (1993) f ind that forecasts of economic activi ty improve

when a noney-demand-enor-correcti  on term is included in the forecasting

equation. This result suggests that the better are our models of the demand

for money, the better wi l l  be our abi l i ty to predict the economy.

16. Siklos_ (1993) reports some success using the rat io of non-bank
trnanclal assets to total f inancial assets and fhe cuffency-money rat io to
capture long-term trends in velocity.



APPEI{0IX: l{0uLD ADDING BOilD FUNDS r0 ilz l,tAKE tit0vE}tEilTs IN t'ta EASIER To

EXPLAIII?

It  is sometimes easier to expand the definit ion of money than to model

the forces that are driving households away from tradit ional monetary assets.

For example, l i l2 largely replaced Ml as a guide to nonetary pol icy after the

introduction of i  nterest - beari ng checking accounts blurred what had hitherto

been a fair ' ly clear-cut dist inct ion between transactions balances and savings

balances (Hetzel and l i lehra l9B9), Ear' l  ier, the definit ion of l , l2 had i tself

been broadened to include money narket mutual funds (simpson l9g0). The

evident breakdown of the Federal Reserve Board,s M2 model ,  together with large

-recent inf lows into stock and bond nutual funds, has st imulated economists to

consider whether the current definit ion of M2 ought to be expanded to include

some subset of stock and bond mutual fund assets (Duca 1993, forthcoming;

Feinman and Porter 1992).

one issue addressed in this l i terature is whether an expanded l i l2

aggregate is more "explainaflg' ,  than M2 as curuen y defined.lT Ouca

(forthcoming) argues that an M2 aggregate expanded to include household bond

funds (exclusive of IM and Keogh accounts) is more explainable than cument

l l2. In his analysis, Duca uses the Federal Reserve Board,s standard money

demand model ,  adjusted to control for RTC and disintermediat ion effects. is

Results presented here suggest, however, that the Board,s money demand model

can be improved upon. I t  is natural to wonder whether bond-fund-adjusted i , l2

17 Related issues are whether monetary aggregates other than l. l2 aresuperior indicators of future movements in 
-out-p-ut -ano 

lnriai ion, and whetheralternative monetary aggregates are suffiCieniiy under the Fedeial Reserve,scontror to serve as intermediate targets. As yet, no consensus is apparent onthe answers to  these quest ions.
18 Duca a lso incrudes a y ie ld-curve var iab le  in  some of  h is  regress ions.
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remains more explainable than conventional I ' , |2 in the context of the improved

mode ls .  Br ie f l y ,  the  answer  i s  "n0 . "

Evidence that adding bond funds to H2 does not yield a more explainable

aggregate is shown in Table Al .  The top half of the table presents root-mean-

squared errors obtained from models that exclude Duca,s RTC and

d is in tenned ia t ion  var iab les .  The bo t tom ha l f  p resents  s imi la r  resu l ts  fo r

mode ls  tha t  inc iude these var iab les .  Mode ls  tha t  a re  es t imated  us ing  Duca,s

bond-fund-adjusted M2 have a , 'M28,'  designation. Root -mean - squared effors

calculated over the entire sample and calculated only over the period of

missing money are presented for each model .

As noted by Duca, the Board model does a somewhat better job of

exp la in ing  growth  in  MZB than i t  does  o f  exp la in ing  growth  in  M2.  Th is

superior performance is especial ly evident over the period from 1990:Q3

through 1992:Q4, and is obtained regardless of whether or not RTC and

d is ln te rmed ia t ion  var iab les  are  inc luded in  the  regress ions .

Results are rather dif ferent in the context of the general ized incone-

ve loc i ty  and genera l i zed  consurnpt ion-ve loc i ty  mode ls  deve loped in  th is  paper .

0ver the period of the missing money, both of the general ized models do a

subs tan t ia l l y  be t te r  job  o f  exp la in ing  growth  in  convent iona l  M2 than in

explaining growth in bond-fund-adjusted M2. Over the sample as a whole, the

general ized models do as well  explaining movements in conventional M2 as

explaining movements in bond-fund-adJusted l . lz. Even ln the bond - fund - adJusted

M2 regressions, the general ized income-velocity and general ized consumption-

velocity models yield root -mean - squared errors that are nuch lower than those

obtained using the Eoard mode' l  or the Board model supplemented with RTC and

22



d i  s in te rmed i  a t ion  var iab les  (a , la  Duca) . le

The f indings presented in Table Al do not establ ish that MZ should not

be expanded to include assets held in bond rnarket mutual funds. However, the

case for expanding l i12 to include bond funds cannot be based on an argunent

that l . l2B is more explainable than f i2. Instead, i t  must be based either on

evidence that l l2B is more controlable than l4z, or upon direct evidence that

It l2B is a better indicator of future movements in output or inf lat ion than is

M2.

.  _ le  .Po in t  es t ina tes  o f  the  coef f i c ien ts  change l i t t le  in  the  genera l i zed
nodels when conventional l , l2 is replaced by bond - f-und- adj usted HZ. 

-As 
before,

the coeff icient of t ime squared aird the wiight attacheO-io i tre iO-yeir-
Tfeafu^Ty bond in the opportunity cost formuia are highly stat ist ic; l ly
s ign i f i can t .  The coef f i c ien ts  b f  the  RTC and d is in tErmid ia t ion  var ia -b les  a re
ins ign i f i can t  in  those regress ions  in  wh ich  they  are  inc iuded.
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TABLE I .

Vari abl e

Constant

Timexl0-3

DMHDA

D83Q I

083Q2

DCON

oct-  t

V t - l

Aoc.

(Ax .  -  Am._1)

(Ax.-. ,  -  Am._1)

(Ax,-, - Arn._, )

Dunmy 90:Ql -92 :Q4

ssE

$$tr

l .  to7" 1.  t94. '
( .  182)  ( .  164)
-.108t' - .t22--
( .032)  ( .030)

.00400 .00409'
( .00208)  ( .00 les)

.o3os" .o3oz"
( .0046)  ( .0044)

- .00393 - .00309
( .00s32)  ( .00s05)

- .  01oo"  - .  o l04"
(  .0036)  (  .0034)

-.0104** - . OloT'*
( .001s)  ( .0014)

.179"  . l9 l * '
( .02e)  ( .026)

- .00763"  - .00783"
( .00144)  ( .00133)

.267-' .256'"
( .070)  ( .064)

. t98" .2t7"
( .072)  ( .065)

.0927 .0770
' : : : " ' : : : "

.00146 .00158

.00436 .00421

.653 .665

Estimates of the Federal Reserve Eoard,s M2 Demand l. lodel

Sample Peri od
64 :0 I -86 :04  64 :01-89 :04  64 :01-92 :04  64 :01-92  :04

.64?"
( .1s2)

- .0971**
( .0333)

.00206
(.00217)

.  0317"
(  .00s0)

-  .00979
(  .00s57)

-  .  o l16"
( .0038)

- .00521"
( .00u6)

, 102**
(  .024)

- ,00661* '
( .00r47)

.204"
( .068)

.106
(  .070)

.0608
( .060e)

.00233

.00481

.531

. g30"*
(  .  1s6)

-. lo3-*
( .031)

.00383
( .00204)

.  031 l "
(  .0046)

- .00830
( .00s1s)
-  .0109- '
(  .003s)

- .00763"
( .00121)

.148'-
( .024)

- .00720"
(  .00136)

.2?7-'
( .063)

.136 '
(  .05s)

.0702
( .0s62)

-.00806*'
(  .00187)

.00197

.00443

.600
*  S ign i f i can t  a t  5% leve l* *  S ign i f i can t  a t  I% leve l
Standard errors appear in parentheses.
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TABLE 2. Dufour Test of the Structural

Sample Per iod:  1964lQl -1992:Q4

Date Coefficient Stnd. Emor

1990:Ql  - .0017 .0044

1990:  Q2 - .0050 .0043

1990:Q3 - .0037 .0044

1990:Q4 - .0099-  .0044

l99 l :Ql  - .0042 .0045

1991:Q2 - .0041 .0044

l99 l :Q3 - .0135"  .0044

l99 l :Q4 - .Ol l8 .  .OO4O

1992:Ql  - .0130"  .0048

1992:  Q2 - .0211"  .0047

1992:Q3 - .0208. '  .0049

1992:Q4 - .0196"  .O0Sz

F Test Frz,ss = 3'521"

Signif icant at 5% I evel
Signif icant at l% I evel

Stabil  i ty of the Board's M2 l, lode' l

*
**
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TABLE 3.

Var i  ab l  e

Constant

Timexl0-5

DI'IMDA

D83Ql

D83Q2

DCON

oct- l

v t - i

Aoc.

(Ax. - Am.-,, )

(Ax,-, '  -  Am,_1)

(Ax._, - Am.- '  )

Dumrny 90:Ql-92:Q4

timezxl0-5

Aoc._.,

p

- .00550 - .00371
( .00510)  ( .00478)

- .00960"  - .00966. .
( .00344)  ( .00327)

- .0164"  - .0161. '
( .0037)  ( .0032)

.199--  .192. .
( .042)  ( .037)

- .0124 '*  - .01I8 ' .
( .0030)  ( .002s)

.250" .257'-
( .067)  ( .062)

.200'- .236..
( .068)  ( .062)

.0764 .0840':::"'::1"
- .365 '  -  .273--
( .154)  ( .104)

- .00398 - .00382
( .003s0)  ( .00306)

.zg7*" .z5o'-
( .0e6)  ( .074)

Estimates of the Generalized l ' l2 Demand l i lodel with Income as
Long-Run Scale Var i  ab le

Sample peri od
64:01-86:04 64:01 -89:04 64:01-92:04 64:01-92:04

l . lz5"  1 .146* '  .951. -  t .o lo*-
( .251)  ( .225)  ( .20s)  ( .20e)

.7tg' .s??- .rzg'* .603-'
( .333)  ( .231)  ( .18s)  ( .211)

.00974-' .oo8t7.. .00918** .00836".
( .00208)  ( .002s2)  ( .0027s)  ( .00282)

.0333'- .0322-. .0327'- .032?'*
( .0046)  ( .0042)  ( .0041)  ( .0041)

-  .00591
( .004s2)

- .00885-'
( .00314)

- . ol50--
( .0032)

. 163*'
(  .035)

- . 0120"
(  .0025)

.24s"
( .0s7)

. l g5*'
(  .0s7)

.0941
( .0s02)

- .360- -
( .084)

- .00723*
( .  003 18)

.326"
( .057)

- .00535
( .004s3)

- .00887'-
(  .00312 )

-  .0154"
( .0032)

. l7 l ' -
( .035)

-  .0118"
(  .0024)

.251- '
(  .056)

. 196"
(  .0s7)

.0946
(  .0s00)

-.0027?
(  .  0021e )
- .303- '
( .0e6)

- .00638'
( .0031r)

.307"
( .0s8)



TABLE 3.  Cont inued

ssE .00123 .00132 .00143 .00141
BtlsE .00408 .00392 .00383 .00382
R'  .697 .710 .702 .704
*  Sign i f icant  a t  5% leve l
**  S ign i f icant  a t  1% leve l
Standard errors appear in parentheses.
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TABLE 4. Dufour Test of the Structural Stabi l i ty
l lodel with Income as the Long-Run Scali

Sample  Per iod :  1964:Ql -1992:Q4

Date Coeff icient Stnd. Error

1990:Ql  - .0011 .0042

1990:Q2 - .0028 .0042

1990:Q3 - .0016 .0043

1990:Q4 - .0068 .0043

1991 :Q l  - .0012 .0044

1991:Q2 - .0009 .0045

1991 :  Q3 -  .0070 .0046

l99 l :Q4 - .0040 .0048

1992:Ql  - .0042 .0050

1992:Q2 - .0098 .0053

1992:Q3 - .0086 .0055

1992:Q4 - .0073 .0055

F Test Fp,r5 = .S9l

S ign i f i can t  a t  5% |eve l
Signif icant at l% I evel

of the Generai i  zed
Var i  ab le

H2 Demand

*
**
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TABLE 5.

Vari ab' le

Constant

Ti mexl0' l

DH]4DA

D83Ql

D83Q2

DCON

oct-t

vt- r

Aoc.

(Ax. - Amr-,, )

t imeaxl0'5

Aoc.-',

F

.839"
( .22?)

.  551
( .347)

.00661
( .00337)

.0284t-
( .0046)

- . 0129'
(  .00s2)
- .00688
( .00346)

-  .0137"
( .0038)

. l3 l ' -
( .034 )
- .00941"
( .00300)

.350**
( . l l t )

-  .354 '
( .  r64)

- .00649
(  .00376)

.356-'
(  .  118)

.829-'
(  .213)

.671*
(  .?67 )

.0066s '
( . 00296 )

.0284--
( .0043)

-  .0120 '
(  .004e)

- .0o7ol '
(  .00338)

- . o 132'"
( .0035)

.130**
(  .033)

- .00969'-
(.00?72)

.3?2-'
( .10s)

- .105
( .115)

.268'*
(  .08e)

-  .365"
( .126)

- .00809.
( . 00343 )

.358-'
( .086)

Estinates of the General ized M2 Denand Model with Consumption as the
Sca le  Var i  ab l  e

Sample peri od
64 :01-86 :04  64  :01-89 :  04  64 :  01  -92 :  04  64 :01  -92  :04

(Ax . - '  -  Am._1)  - ,130
( .  r23)

(Ax.-. - Am._,) .268'"
(  .0es)

Dumny 90:Ql-92:Q4

.787" .8lg*'
( . les) ( . lee)

.822" ,717"
( .225)  ( .242)

.00793"  .00712-
( .00265)  ( .00274)

.0293" .0286"
( .0041)  ( .0041)

- .0131"  - .0126- .
( .0046)  ( .0046)

- .oo54t '  - .00643'
( .003r3)  ( .00312)

- .0128"  - .0133- '
( .0033)  ( .0033)

. lzo* '  . lz9**
( .030)  ( .031)

- .00957"  - .00945**
(.00262) (.00256)

.346" .349'-
( .0e0)  ( .0e0)

- .137 - .131
(  .  r00)  ( .100)

.259- '  .261. '
( .078)  ( .078)

- .00272
(.00222)

- .430"  - .385"
( .10e)  ( .116)

-.00993-. -.00886.-
( .00327)  ( .00323)

.404." .383.t
( .068)  ( .06e)
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TABLE 5. Continued

ssE
RMS
R-,

.00125 .00141 .00146 .00143
E .00412 .00404 .00385 .00384

.691 .691 .698 .700
*  S ign i f i can t  a t  5% leve l* *  S ign i f i can t  a t  l% leve l
Standard errors appear in parantheses.
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TABLE 6. Dufour Test of the Structural
l4odel with Consumption as the

Sample  Per iod :  1964:Ql -199?:Q4

Date Coeff icient Stnd. Error

1990:Ql  - .0000 .0044

1990:Q2 - .0028 .0044

1990:Q3 - .0014 .0044

1990:Q4 - .0061 .0045

1991:Ql  - .0040 .0046

l99l :  Q2 - .0023 .0047

l99 l :Q3 - .0043 .0048

1991:Q4 - .0029 .0048

1992 :Q l  - .0026  .oo5 l

1992:Q2 - .0045 .0053

1992:Q3 - .0055 .0053

1992 :  Q4 -  .0032 .00s4

F Test Fp,s = .254

*  Sign i f icant  a t  5% leve l**  S ign i f icant  a t  l% leve l

Stab i l  i t y  o f  the  Genera l i zed
Scale Vari abl e

142 Demand
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TABLE 7. Comparing the Recent performance of the Alternative Models;
Root Mean Square Errors and Hean Errors from 1990:Q1-1992:Q4

Models  Est imated 64:Ql -89:Q4 l lodels  Est imated E4:Ql-92:Q4

i lode l  @@

Board .01247 .01053 .00540 .00378

Incorne
Velocity .00553 .00447 St.Sy, .OOZ37 .00069 gt.7%

Consunpti on
Velocity .00371 .00332 68.5% .00145 .00067 gZ.3%

* Percentage reduction in mean error relative to the Board model .

TABLE 8. Comparing the Recent performance of the Alternative Hodels:
Forecas t  Encompass ing  f rom 1990:Ql -1992:Q4

Sarnp ' le  Per iod :  1964:Ql -1992:Q4

Indenendent Variable Dependent Variab' le T Statist ic

€s - €r e8 7,glg. '

e r  1 .703

€e - oc eB 9.149"

ec  1 .149

€r - €c er 4.zgl"

ec  .105

Notes :
e, = residuals from Board model
er = residuals from general ized income-velocity model
ec = residuals from general ized consumption-velocity model*- Signif icant at S%- I evel* *  S ign i f i can t  a t  l% leve l
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TABLE 9. HoI,,

Sample  Per i  od :

Vari abl e

Constant

Timexl0-3

DMMDA

D83Ql

D83Q2

DCON

oct-i

Vt -'t

Aoc.

(Ax. - Am.-'' )

(Ax.-' - Am._, )

(Ax.-, - Am.-' )

DRTCxl0-5

DISINTER

T

Important are RTC, Di si ntermedi ati on,

1964:Ql - I992:Q4

and Debt-Paydown Effects?

Board Mode l

1 .074 '*
( .  rs7)
-  .  116"
( .030)

. o04ol-
(  .001e6)

.0310"
(  .0044)

-  .00519
( . 00s03 )
- .0106"
( .0034)

-.00922"
(  .00128)

.172-*
(  .02s)
- . oo7s8"
( .00r31)

.24t-'
(  .061)

.t75"
(  .063 )

.0909
(  .0s44)

-  .  315"
(  .07e)

- .0?07"
( .004s)

Income-Vel oci tv Consumpt i on -Ve l oci ty

.827*- .851--
( . ree) ( .201)

.696-' .715.-
( .242)  ( .?42)

.00694* .OO7r?'
( .00274)  ( .00273)

.0286'* .0287*
( .0041)  ( .0041)

- .0124"  - .012s ' .
( .0046)  ( .0046)

-.00663* -.00627'
( .00313)  ( .00314)

- .0133"  - .0136*-
( .0033)  ( .0033)

. t30* .133'-
( .031)  ( .031)

-.00976'- -.00936*.
(  .00256)  {  .002ss)

.349" .362'*
( .0e1) ( .oet)
- .123 - .146
( .101)  ( .100)

.289" .zlg"
( .07e)  ( .07e)

- .  132
(  .0e0)

-.00460 -.002?5
( .00436)  ( .00387)

.0396
( .030s)

1.093- '
( .21?)

.552**
( .204)

,00822"
( .00277 )

.o32?'.
( .0041)

-.00427
( .00454)

- ,0ogo7**
( .003r0)

- .0160--
(  .0031)

.184"
( .  o3s)
- .o120"
( .0024)

.258'.
( .057)

.2 l l "
(  .057)

.0993.
( .04e8)

- .148
(  .088)

- .00834
(  .004s4)

1 . 104-'
( .216)

.586*
( .2r7 )

.00855"
(  .  00281)

.0324"
(  .0041)

- .00438
( . 00460 )
- .00878- '
( .00312)

-  .0161"
( .0031)

.186"
(  .036)

- .o l t7"
(  .0024)

.265"
( .0s7)

. e04"
( . os8)

.lo2'
( .oso)

-  .00536
( .00404)

.0269
(  .02s4)
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TABLE 9.  Cont inued

t i mezxl0-5

Aoc.-,

p

.00180

.00426

.  631

l . lE 90: Ql -92 : Q4 .00047
Rl. lSE 90:Ql-92:Q4 .00390

- .283- .
( .0s2)
- .00510
( .002e8)

.279"'
(  .060)

.00137

.00378

.709

.00001

.00?02
*  S ign i f i can t  a t  5% leve l* *  S ign i f i can t  a t  l% ' leve l
Standard errors appear in parentheses.

ssE
RMS
F

- .300-*
( .0e8)

- .00493
( .00301 )

.246"
( .077 |

.00140

.00381

.704

.0001e

.00238

- .376-*
( .116)

-.00848*"
(.003221

.374"
( .072)

.00142

.00385

.699

.00007

.00122

- .386"
( .11s)

- .00812*
(.00322)

.3 28--
(  .0e0)

.00143

.00386

.697

.00002

.00127
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TABLE 10. Dufour Test of the structural Stabi l i ty of the Board's M2 l lodel

Sample  Per iod :  1959:Ql -1992:Q4

Date Coeff icient Stnd. Error

1990:Q1 - .0019 .OO4T

I990:Q2 - .0053 .0047

1990:Q3 - .00?7 .0047

1990:Q4 - .0080 .OO4t

l99 l :Q l  - .0024 .0049

1991 :Q2 - .0019  .0048

1991 :Q3 - .o l l 3 '  .0048

1991 :Q4 - .0085 .0049

1992:Ql  - .0079 .0050

1992:Q2 - .0164"  .0049

1992:Q3 - .0143"  .O0Sl

1992 :Q4 - .010 t  .0053

F Test

Single Dumqy
90:  Ql  -92:  Q4

Frz, roc = 1.961*

- .0065 ' -  .0019

I eve'l'| 
evel

at 5%
at l%

*
**

Sign i f i can t
S ign i  f i  can t
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TABLE ll. Testing the Pre-1964 Structural stabil i ty of Alternative l4ode'ls

Sample Per iod:  1959:Ql-1989:Q4

=--=.-9ryE..--=- = Gqrleralized Income General ized Consumption
coefficient Stnd. Er. Coefficient Stnd.En Geffint StnA. 

-$=

- .0168--  ( .0047)  - .0060

Date

59: Q4

60:  Q l

60 :  Q2

60:Q3

60:  Q4

6 l :Q l

6 l :Q2

6 l :Q3

6 l :Q4

62:  QI

62:.QZ

62:  Q3

62:Q4

63:  Q l

63 :Q2

63: Q3

63:Q4

- .  or02'  ( .0047) .0000
- .0160. .  ( .0049)  - .0078

- .0112*  ( .00s1)  - .0049

- .0158"  ( .0050)  - .0094

- .0080 ( .0048)  - .0007

- .0081 ( .0046)  - .0011

- .o l l2 '  ( .0046)  - .0044

- .0122' ( .0047) - .00s9
- .o l lo*  ( .0047)  - .0056

(  .00s1)

( .00s1)

( .00s1)

( .00s3)

- .0148"  ( .0051)

( .0051)

(  .00s0)

(  .00s0)

( .0050)

(  .004e)

( .0048)

(  .0046)

(  .0046)

(  .0047)

( .0047)

( .0048)

( .0044)

( .0043)

( .0042)

( .0042)

-  .0033
( .0023)

-  .0073

- . 0012

- .0085

- .0002

- .0035

-  .0067

- .0068

-  .0075

-  .0021

( .00st)

(  .00s0)

(  .004e)

( .0050)

( .004e)
- .0142* ( .0047)  - .0102 '  ( .0046)
- .0174"  ( .0048)  - .0143 '*  ( .0046)
- .0105 '  ( .0047)  - .0067

- .006s ( .0046)  - .0039

- .0048 ( .004s)  _ .0o l8

- .0036 ( .0044)  _ .0014

- .0008 ( .0044) .0018

- .0094 '  ( .0047)

- .0119 '  ( .0047)

F Test Fr,n = 2.071'

Single Dunnny -.0093-'
59:Q4-63:Q4 ( .o0Zl )

Ftr,r,  = I  .055 Ft7,ro = I .098

- .0043

-.00?2

- ,0026

- .0026

.0030

( .0048)

(  .0046)

( .004s)

( .0044)

(  .0044)

- .0037
(  .0024)

* Signif icant at 5% level* *  S ign i f i can t  a t  l% leve l
Standard errors appear in parentheses.
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TABLE 12. Companing the Past performance of the Alternative Models:
Forecast Encompassing from 1959: Q4 - 1963 : Q4

Sample  Per iod :  1959:Ql -1989:Q4

Indeoendent Variable Deoendent Variable T Statist ic

€o  -  € r  eB 2 .149*

er  - .889

€r - €c eB 2.395*

ec  - .703

€r  -  €c  e ,  1 .367

". 
- .805

Notes :
es = residua' ls fron Board model
er = residuals from general ized income-velocity rnodel
ec = residuals from general ized consumption-veiocity model*- Signif icant at S%- I evei

39



TABLE Al .  Does

Sample Per i  od:

Adding Bond Funds to MZ

1964:Q l -1992 :Q4

Yield a l t lore Explainable Aggregate?

l'lodel s Exc l udi ng RTC and
Di si ntermedi at i  on Effects

Board M2.'

Board ll2B"

General ized Income-Velocity l i l2

General ized Income-Velocity M2B

General ized Consumpti on-Vel oci ty

General ized Consumption-Vel oci ty

l,lodel s Incl udi ng RTC and
Di s i  ntermed i at ion Effects

Board M2'*

Board M2B"

General ized Income-Velocity M2

General ized Income-Velocity i lZB

General i  zed Consumption-Veloci ty

General ized Consumpti on-Vel ocity

Notes :

.0044

.0040

.002?

.0025

.0013

.0016

for degrees of freedom

M2

lt2B

.0047

.0045

.0036

.0035

.0035

.0036

.0057

.0056

.0026

.0029

.0015

.0018

M2

il28

.0041

.0040

.0035

.0035

.0035

.0035

Root -mean - squared errors are not corrected
lost  in  est imat ing the models .
As reported in Duca (forthcoming).
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