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111... IIInnnttt rrroooddduuucccttt iiiooonnn

I t has been near ly 20 year s s ince Chr i s topher S i ms publ i shed hi s inc i s ive

cr i t ique of the manner in whi ch bui lder s of l a rge–sca l e econome t r i c mode l s

c l a i med to connec t the i r mode l s to rea l i ty . S i ms ra i sed power fu l obj ec t ions

to the casua l , even haphazard way in whi ch some appl i ed econome t r i c i ans were

i mpl i c i t ly res t r i c t ing the dynam i c in t e rac t ions be t ween var i ab l es in order to

come up w i th s t ruc tura l l abe l s for es t i ma t ed hi s tor i ca l cor re l a t ions . The

cr i t ique was par t i cu l a r ly compe l l ing because Si ms had a cons t ruc t ive

a l t e rna t ive to propose–– l eave the dynam i cs compl e t e ly unres t r i c t ed and s i mply

es t i ma t e the reduced form of the sys t em of s t ruc tura l equa t ions through a

vec tor au toregress ion .

Unfor tuna t e ly , as cogent ly observed by Cool ey and LeRoy (1985) , many of

those who fo l lowed Si ms ' s l ead ended up i mpl i c i t ly put t ing s t ruc tura l l abe l s

on the reduced–form equa t ions , for exampl e , by equa t ing the er ror the VAR

makes in forecas t ing the money supply w i th a "shock" or " innova t ion" to

mone t a ry pol i cy .

I t has been over a decade s ince Ben Bernanke (1986) , a t th i s conference ,

and B l anchard and Wa t son (1986) and Si ms (1986) h i mse l f in re l a t ed work ,

proposed a l eg i t i ma t e bas i s for put t ing such l abe l s on VAR innova t ions and

thereby under s t anding wha t the dynam i c cor re l a t ions captured by a VAR m ight

mean . Thi s approach ca l l s for an expl i c i t acknow l edgement tha t some sor t of

exc lus ion res t r i c t ions are necessary in order to know whi ch l inear combina t ion

of the VAR innova t ions could pl aus ib ly be ca l l ed a pol i cy shock . Bernanke

shared Si ms ' s d i s t rus t of the de t a i l ed , ad hoc res t r i c t ions on dynam i cs

cava l i e r ly adopt ed by an ear l i e r genera t ion , and fo l lowed Si ms in l eav ing the

dynam i cs compl e t e ly unres t r i c t ed . Th i s "s t ruc tura l VAR" approach ca l l s for

us ing the absolu t e m in i mum of so l e ly cont emporaneous exc lus ion res t r i c t ions ,



–3–

i mpl ement ed w i th grea t cau t ion and expl i c i t acknow l edgement of pot en t i a l

l i m i t a t ions , in order to achi eve ident i f i ca t ion , or , in S i ms ' s words , in order

to connec t the s t a t i s t i ca l mode l s w i th rea l i ty .

As one surveys empi r i ca l macroeconom i c research today , and the paper s of

th i s conference in par t i cu l a r , i t appear s tha t the Bernanke–Si ms approach has

now become the accept ed s t andard for repor t ing and in t e rpre t ing macroeconom i c

cor re l a t ions . Such unani m i ty i s a remarkabl e t es t i mony to the vi s ion of these

ear ly schol a r s . However , a l though there i s w idespread agreement as to the

appropr i a t eness of the me thod , no one seems to f ind the resu l t s a l l tha t

per suas ive , or a t l eas t , they are not in agreement as to wha t the resu l t s in

fac t per suade us of . For exampl e , Chr i s t i ano , E i chenbaum , and Evans (1996 , p .

33) conc lude tha t " these responses accord to a s t r ik ing degree w i th

convent iona l v i ews about how mone t a ry pol i cy shocks af fec t the economy . "

Leeper , S i ms and Zha (1996 , p . 2) a re equa l ly adamant tha t "only a modes t

por t ion ( in some cases , essen t i a l ly none) of the var i ance in output or pr i ces

in the Uni t ed St a t es s ince 1960 can be a t t r ibu t ed to sh i f t s in mone t a ry

pol i cy . " By cont ras t , Pagan and Rober t son (1995 , p . 52) are unsure about wha t

the resu l t s prove , and proud of i t : "The mode l s do not seem to be very robus t

to da t a com ing f rom the 1980s ; The i mpl i ed s t ruc tura l mode l s can some t i mes be

i mpl aus ib l e ; The es t i ma t ion procedures of t en re ly on weak informa t ion and . . .

the long–run mul t ip l i e r s can be cont ra ry to a pr ior i be l i e f s . "

I would argue tha t the reason th i s me thodology has fa i l ed to produce more

compe l l ing resu l t s i s prec i se ly the concern ra i sed by the or ig ina l advoca t es

of VARs–– convinc ing ident i fy ing assumpt ions are hard to come by . In saying

th i s , I am going beyond the cur ren t consensus vi ew tha t ident i fy ing

assumpt ions mus t be made w i th grea t care . Ins t ead , I regard the s t andard

exerc i se–– f i t t ing a vec tor au toregress ion to a group of key macro var i ab l es
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and hoping to come up w i th ident i fy ing assumpt ions on the bas i s of whi ch to

in t e rpre t the res idua l s–– as inheren t ly hope l ess . The reason i s tha t va l id

exc lus ion res t r i c t ions are much too rare a commodi ty for us to expec t to be

abl e to come up w i th n(n – 1) /2 of them in an arb i t ra ry se t of n macroeconom i c

aggrega t es .

I ins t ead propose the fo l low ing as a cons t ruc t ive guide to empi r i ca l

research in macroeconom i cs .

(1) In order to be abl e to g ive hi s tor i ca l cor re l a t ions a causa l

in t e rpre t a t ion , one mus t s t a r t f rom the c l a i m tha t an observabl e component of

the var i a t ion in the causa l var i ab l es i s the out come of a na tura l exper i ment ,

in whi ch the causa l var i ab l e was random ly sh i f t ed through a process

independent of the sys t em be ing s tudi ed . The var i ab l es one chooses to s tudy

and the ques t ions one asks about them are pred i ca t ed on f i r s t recogni z ing and

es t ab l i sh ing the va l id i ty of th i s na tura l exper i ment .

(2) The econom i c meaning of the s t ruc tura l equa t ions be ing inves t iga t ed

should be expl i c i t ly s t a t ed by the researcher a t the out se t–– exac t ly whose

behavior or wha t marke t out come i s be ing descr ibed by th i s equa t ion? The fu l l

range of ins t i tu t iona l de t a i l s and econom i c under s t anding of wha t such a

re l a t ion should look l ike should then be drawn on for purposes of eva lua t ing

the pl aus ib i l i ty of the empi r i ca l es t i ma t es of the parame t e r s tha t a re

supposed to capture tha t re l a t ion .

(3) The mode l should be subj ec t ed to fu l l s t a t i s t i ca l cor robora t ion .

Coef f i c i en t s should be t es t ed for s t abi l i ty , mode l s should be eva lua t ed

pos t–sampl e , over ident i fy ing assumpt ions should be t es t ed , and refu t ab l e

pred i c t ions of the f ramework should be avid ly sought and inves t iga t ed .

Thi s i s a more di f f i cu l t rec ipe for empi r i ca l research than f i t t ing a VAR

to an arb i t ra ry se t of var i ab l es , bu t I be l i eve tha t we w i l l u l t i ma t e ly l earn
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much more f rom i t .

Th i s paper i s a cons t ruc t ive exampl e of how such research m ight proceed

in prac t i ce . The pr i mary ins t rument of mone t a ry pol i cy i s manipul a t ion of the

supply of Federa l Reserve depos i t s through open marke t opera t ions . The

i mmedi a t e i mpac t of these open marke t opera t ions i s de t e rm ined by the

adjus t ment of the federa l funds ra t e , wh i ch measures the overn ight oppor tun i ty

cos t of Federa l Reserve depos i t s . The magni tude of th i s ad jus t ment i s

governed by how much the funds ra t e mus t move in order to equa t e the demand

for depos i t s w i th the new l eve l of supply . The ques t ion s tudi ed in th i s paper

i s there fore , wha t fac tor s de t e rm ine the supply and demand for federa l reserve

depos i t s?

A cons iderab l e par t of th i s exerc i se cons i s t s of descr ib ing the dynam i c

in t e rac t ions be t ween var ious magni tudes f rom the da i ly ba l ance shee t of the

Federa l Reserve sys t em . On one l eve l , the s tudy m ight be descr ibed as s i mp ly

a VAR f i t to these var i ab l es w i th s t ruc tura l l abe l s p l aced on the var ious

innova t ions . However , the exerc i se d i f fe r s f rom mos t o ther es t i ma t ed VAR

mode l s in severa l respec t s . F i r s t , l i t e ra l ly hundreds of exc lus ion

res t r i c t ions are i mposed , and a l l a re expl i c i t ly t es t ed . Some of these

exc lus ion res t r i c t ions ar i se f rom the idea tha t cer t a in ca l endar event s–– for

exampl e , the d i f fe rence be t ween a Wednesday tha t i s the l as t day of a t wo–week

reserve ma in t enance per iod and a Wednesday tha t i s in the m iddl e of a t wo–week

reserve ma in t enance per iod–– ma t t e r for some econom i c dec i s ions and not

o ther s . De t a i l ed mode l ing of de t e rm in i s t i c per iod i c i t i es i s accord ingly given

a lo t of a t t en t ion in th i s s tudy . O ther exc lus ion res t r i c t ions ar i se f rom the

c l a i m of s t r i c t econome t r i c exogene i ty , tha t cer t a in dec i s ions are compl e t e ly

unaf fec t ed by other var i ab l es , and tha t some var i ab l es are beyond the cont ro l

of par t i cu l a r econom i c agent s .
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The f ru i t of th i s inqui ry i s es t i ma t es for a par t i cu l a r s t ruc tura l mode l

of how the banking sys t em reac t s to a t emporary shock to the supply of Federa l

Reserve depos i t s . We f ind tha t , un l ess the shock occur s on a se t t l ement

Wednesday or the l as t day of a quar t e r , banks do not go to the di scount w indow

to rep l ace t emporary di s rupt ions in the supply of Federa l Reserve depos i t s .

Ins t ead , they s i mply make do w i th fewer reserves on tha t day . Even though a

reserve requi rement does not b ind on tha t day , banks are only per suaded to

hold fewer reserves on tha t day i f there i s an increase in the federa l funds

ra t e . We es t i ma t e tha t a t emporary $1 bi l l ion reduc t ion in the supply of

reserves on such days w i l l resu l t in an increase in the federa l funds ra t e of

2 .6 bas i s poin t s . By cont ras t , on se t t l ement Wednesdays or the l as t day of

the quar t e r , banks do repl ace some of the los t reserves through the di scount

w indow , so tha t the ne t e f fec t on the supply of reserves i s sma l l e r . Even so ,

the consequence of the di s rupt ion for the federa l funds ra t e i s much bigger ,

w i th a a $1 bi l l ion reduc t ion in the supply of reserves on such days typi ca l ly

resu l t ing in a 6 .6–bas i s–poin t increase in the federa l funds ra t e . The paper

proposes a number of na tura l exper i ment s in whi ch the supply of reserves has

been exogenous ly reduced and in whi ch one f inds s t a t i s t i ca l ly s ign i f i can t

cor robora t ion of th i s l iqu id i ty ef fec t ( lower reserves ra i se the federa l funds

ra t e ) . The observed out come of these exper i ment s i s cons i s t en t w i th the

pred i c t ion f rom the s t ruc tura l es t i ma t es .

We begin in Sec t ion 2 w i th a descr ip t ion of the da t a used in th i s s tudy .

222... AAA cccooonnnsssooolll iiidddaaattteeeddd bbbaaalllaaannnccceee ssshhheeeeeettt fffooorrr ttthhheee FFFeeedddeeerrraaalll RRReeessseeerrrvvveee

The ba l ance shee t of the Federa l Reserve sys t em i s repor t ed for se l ec t ed

days in publ i c ly ava i l ab l e sources such as Tabl e 1 .18 in the Federa l Reserve

Bul l e t in of June 1992 . We were abl e to obt a in for th i s pro j ec t cor responding
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va lues for the ba l ance shee t for every bus iness day dur ing 1992 to 1994 , or a

sampl e of 756 observa t ions .!

Mos t of the indiv idua l en t r i es in the Fed ' s ba l ance shee t a re of l i m i t ed

in t e res t , and for our purposes i t suf f i ces to work w i th a consol ida t ed ver s ion

of the ba l ance shee t . Tab l e 1 groups indiv idua l i t ems in to s ix ma in

ca t egor i es , descr ibed in de t a i l be low .

Secur i t i es and other ne t asse t s (S )t

By far the mos t i mpor t an t asse t of the Federa l Reserve i s secur i t i es

acqui red through open marke t purchases . For purposes of th i s s tudy we make no

di s t inc t ion w i th respec t to ma tur i ty or whe ther the debt was or ig ina l ly i ssued

by the U . S . Treasury or by a federa l agency . We a l so do not d i s t ingui sh

be t ween secur i t i es he ld out r igh t and those acqui red through repurchase

agreement s . Even though the l a t t e r w i l l be t rans fer red out of the Fed ' s

asse t s w i th in a few days , i f the secur i t i es are he ld by the Fed on day t , then

they are inc luded in our measure S for tha t day .t

Another i mpor t an t asse t ca t egory for the Fed i s asse t s denom ina t ed in

fore ign cur renc i es . A l though th i s ca t egory responds to qui t e d i f fe ren t

fac tor s than do typi ca l open marke t opera t ions , we never the l ess inc lude i t in

our measure of S . The reason i s tha t we are not in t e res t ed in open marke tt

opera t ions tha t s i mp ly s t e r i l i ze fore ign cur rency in t e rvent ion . Not e tha t i f

the Fed acqui res fore ign cur rency and s t e r i l i zes th i s w i th an open marke t

sa l e , the va lue of S would be unchanged for the day .t

There are a l so some s low–moving asse t s of the Fed such as the gold

cer t i f i ca t e account and bank prem i ses . These are of l i t t l e in t e res t and we

choose to inc lude them in S . We l ikew i se subt rac t m i sce l l aneous i t ems f romt

!I am deeply indebt ed to Joe Dz i wura for h i s cons iderab l e ef for t s to he lp me
obt a in these da t a .
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the l i ab i l i t i es s ide of the ba l ance shee t (whi ch for a pr iva t e f i rm would be

vi ewed as the Fed ' s ne t equi ty) , before ar r iv ing a t the va lue S , whi ch wet

des igna t e as secur i t i es and other ne t Federa l Reserve asse t s .

D i scount w indow loans (L )t

The second asse t ca t egory tha t we are in t e res t ed in i s loans the Fed has

made to pr iva t e banks through the di scount w indow . On a typi ca l day ( such as

tha t repor t ed in Tabl e 1) , th i s would be under $200 m i l l ion , and would rare ly

exceed $1 bi l l ion . A l though the magni tude of d i scount bor row ing i s sma l l , we

w i l l a rgue in th i s paper tha t f luc tua t ions in L , or the degree to whi ch bankst

a re forced to bor row di rec t ly f rom the Fed , i s a key e l ement in under s t anding

exac t ly how open marke t opera t ions af fec t the banking sys t em .

Ne t f loa t (F )t

The Fed provides some check–c l ear ing and re l a t ed serv i ces for pr iva t e

banks . A t any given t i me the Fed has rece ived checks and other i t ems whi ch i t

i s in the process of co l l ec t ing and t ranspor t ing to the banks on whi ch the

checks are wr i t t en . The Fed does not ac tua l ly rece ive payment for the checks ,

tha t i s , the Fed does not debi t the reserve account of the bank , unt i l the

checks are de l ivered . Possess ion of such unde l ivered checks represent s an

asse t of the Fed , denot ed " i t ems in process of co l l ec t ion . "

S i m i l a r ly , the Fed does not i mmedi a t e ly cred i t the bank whi ch present s

the check for depos i t , bu t prom i ses to do so w i th in one or t wo bus iness days .

The quant i ty of presen t ed checks for whi ch the Fed expec t s to g ive cred i t i s a

l i ab i l i ty of the Fed refer red to as a "defer red cred i t i t em . "

The di f fe rence be t ween these t wo number s , " i t ems in process of

co l l ec t ion" m inus "defer red cred i t i t ems , " i s ca l l ed "Federa l Reserve f loa t . "

When th i s i s pos i t ive , i t means there i s a check for whi ch the rece iv ing

bank ' s account has been cred i t ed ( so i t ' s no longer a defer red cred i t i t em)
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but the paying bank ' s account has not ye t been debi t ed ( so i t ' s s t i l l an i t em

in process of co l l ec t ion) . Thus both the paying and rece iv ing bank are

count ing these funds as depos i t s w i th the Federa l Reserve . An increase in

f loa t s i mu l t aneous ly crea t es an asse t for the Federa l Reserve ( the checks

wa i t ing to be col l ec t ed) and a l i ab i l i ty ( the doubl e–count ing of Federa l

Reserve depos i t s ) .

On a typi ca l day f loa t i s sma l l , bu t i t can exhib i t l a rge f luc tua t ions

when s torms d i s rupt the norma l process of check col l ec t ion and de l ivery .

F loa t can a l so ar i se f rom incompl e t e or m i sd i rec t ed w i re t rans fer s . For

th i s reason , f loa t i s some t i mes assoc i a t ed w i th o ther anoma l i es in the ba l ance

shee t . The mos t drama t i c exampl e of th i s occur red on Sept ember 9 , 1992 , when

f loa t jumped to an as toni sh ing $19 .6 bi l l ion , and ye t none of the four

ca t egor i es of holder s of reserves–– depos i tory ins t i tu t ions , the U . S .

Treasury , fore ign of f i c i a l account s , or o ther s–– were cred i t ed w i th hold ing

these reserves ; in o ther words , the ba l ance shee t d idn ' t ba l ance on th i s day .

Moreover , the b igges t fac tor in produc ing th i s t remendous va lue for f loa t was

a nega t ive va lue for defer red cred i t i t ems of $12 .5 bi l l ion .

We have chosen to dea l w i th these rare anoma l i es by f i r s t c rea t ing a

ba l ance shee t tha t i s ba l anced by cons t ruc t ion , name ly by def in ing any Federa l

Reserve depos i t s tha t a re not he ld by depos i tory ins t i tu t ions or by the U . S .

Treasury to be depos i t s tha t a re he ld by other ins t i tu t ions ." We then

subt rac t th i s measure of depos i t s he ld by other ins t i tu t ions f rom f loa t to

come up w i th a magni tude we ca l l "ne t f loa t . " Our measure of ne t f loa t thus

"Tha t i s , we rep l ace ser i es [25] ( fore ign of f i c i a l account s ) p lus ser i es [26]
(o ther depos i t s ) w i th ser i es [22] ( to t a l depos i t s ) m inus ser i es [23]
(depos i tory ins t i tu t ions ) and ser i es [24] (U . S . Treasury–– genera l account ) .
There are only a handfu l of observa t ions for whi ch [25] + [26] i s a d i f fe ren t
number f rom [22] – [23] – [24] , w i th Sept ember 9 , 1992 be ing by far the mos t
drama t i c .
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captures only those changes in f loa t tha t ac tua l ly show up as reserves he ld by

depos i tory ins t i tu t ions or the U . S . Treasury . The ef fec t of th i s ad jus t ment

i s tha t the w i ld va lues for Sept ember 9 , 1992 ge t compl e t e ly ne t t ed out .

Federa l Reserve Not es (N )t

The bigges t s ing l e i t em on the l i ab i l i ty s ide of the Fed ' s ba l ance shee t

i s Federa l Reserve not es , wh i ch t racks the to t a l vo lume of cur rency

out s t anding .

Federa l Reserve Depos i t s he ld by depos i tory ins t i tu t ions (D )t

Th i s denot es the to t a l do l l a r va lue a t the end of the day tha t banks hold

in account s w i th the Federa l Reserve . When the Fed purchases $100 m i l l ion in

Treasury bi l l s on the open marke t , S goes up by $100 m i l l ion on the asse tt

s ide of the Fed ' s ba l ance shee t and the Fed pays for the secur i t i es by

cred i t ing banks w i th an addi t iona l $100 m i l l ion in D on the l i ab i l i ty s ide .t

I f banks bor row $100 m i l l ion f rom the Fed a t the di scount w indow , then L goest

up by $100 m i l l ion on the asse t s ide and the same sum i s cred i t ed to D on thet

l i ab i l i ty s ide .

Banks can obt a in cur rency f rom the Fed by sur render ing Federa l Reserve

depos i t s in re turn for cur rency . In such a t ransac t ion , D would go down byt

the same amount tha t N goes up , and to t a l asse t s or l i ab i l i t i es of the Fedt

would be unchanged .

Federa l Reserve depos i t s he ld by the U . S . Treasury (U )t

The U . S . Treasury a l so ma in t a ins an account w i th the Federa l Reserve .

When a member of the publ i c wr i t es a check to the In t e rna l Revenue Serv i ce ,

the Fed debi t s the account of the bank on whi ch the check i s drawn ( so tha t D t

goes down) and cred i t s the Treasury ' s account ( so tha t U goes up by the samet

amount ) . Aga in such a t ransac t ion has no ef fec t on the to t a l asse t s or

l i ab i l i t i es of the Federa l Reserve .
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Summary of the consol ida t ed Federa l Reserve ba l ance shee t

We have s i mpl i f i ed the Fed ' s ba l ance shee t in to three ca t egor i es of

asse t s ,

S = secur i t i es and other ne t Federa l Reserve asse t st

L = di scount w indow loanst

F = ne t f loa t ,t

and three l i ab i l i t i es ,

N = Federa l Reserve not est

D = Federa l Reserve depos i t s he ld by depos i tory ins t i tu t ionst

U = Federa l Reserve depos i t s he ld by the U . S . Treasury .t

These s ix magni tudes are re l a t ed by the account ing ident i ty

S + L + F = N + D + U (1)t t t t t t

wh i ch holds exac t ly for every day t in the sampl e .

333... EEEcccooonnnooommmeeettt rrr iiiccc aaannnaaalllyyysss iii sss iiinnn ttthhheee ppprrreeessseeennnccceee ooofff aaaccccccooouuunnnttt iiinnnggg iiidddeeennnttt iii ttt iiieeesss

The purpose of th i s paper i s to deve lop a compl e t e descr ip t ion of the

dynam i c l inks be t ween the s ix var i ab l es in equa t ion (1) for purposes of

under s t anding the fac tor s tha t de t e rm ine the supply and demand for Federa l

Reserve depos i t s . Before ge t t ing in to the de t a i l s , however , i t i s he lpfu l to

make some pre l i m inary observa t ions about how the account ing ident i ty (1)

should be incorpora t ed in such an ana lys i s .

One i mpor t an t pr inc ip l e can bes t be under s tood f rom the fo l low ing

exampl e . Imagine genera t ing n di f fe ren t t i me ser i es (y ,y , . . . , y ) as1 t 2 t n t

fo l lows :

y = xxx ' βββ + ε for i = 1 ,2 , , . . . , n–1 (2)i t i t i i t

y = –(y + y + ⋅ ⋅ ⋅ + y ) . (3)n t 1 t 2 t n–1 , t

Here xxx i s a vec tor of expl ana tory var i ab l es tha t a re i mpor t an t fori t
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de t e rm in ing y . Not e tha t these n var i ab l es sa t i s fy the account ing ident i tyi t
n
∑ y = 0 (4)i ti=1

for a l l t by cons t ruc t ion . However , the exi s t ence of the account ing ident i ty

(4) does not in any way res t r i c t any of the indiv idua l re l a t ions in (2) . In

par t i cu l a r , some of the var i ab l es y could exhib i t t i me t rends whi l e o ther si t

do not , some could be in t egra t ed and other s not , and y could be genera t edi t

compl e t e ly independent ly of y for i , j = 1 , . . . , n–1 and j ≠ i . Wha t i s t ruej t

i s tha t i f a var i ab l e z ma t t e r s for y for some i = 1 ,2 , . . . . , or n , then zt i t t

mus t a l so ma t t e r for a t l eas t one other var i ab l e . In the sys t em descr ibed by

equa t ions (2) and (3) , the vec tor xxx mus t a f fec t both y and y . Thi si t i t n t

means , for exampl e , i f one of the n var i ab l es exhib i t s a de t e rm in i s t i c t i me

t rend , then a t l eas t one other var i ab l e mus t a l so exhib i t a t i me t rend .

Thi s exampl e a l so i l lus t ra t es another i mpor t an t pr inc ip l e of ana lyz ing

var i ab l es tha t a re re l a t ed by an account ing ident i ty–– once one has spec i f i ed

the de t e rm inant s of n – 1 of the var i ab l es in the sys t em , then the nth

equa t ion i s redundant and cont a ins no addi t iona l s t a t i s t i ca l informa t ion . One

phi losophy of t rea t ing such sys t ems i s s i mp ly to drop one of the var i ab l es as

redundant and mode l the rema in ing n – 1 . Whi l e th i s i s va l id in pr inc ip l e , in

prac t i ce one mus t exerc i se some care as to whi ch var i ab l e to t rea t as the

" res idua l ; " Bew l ey (1986) of fe r s an exce l l en t d i scuss ion of the i ssues

involved . For exampl e , suppose tha t da t a were rea l ly genera t ed by the sys t em

(2)–(3) but one spec i f i ed y as the res idua l and t r i ed to es t i ma t e equa t ions1 t

for var i ab l es y through y . In pr inc ip l e , one could f ind wha t would amount2 t n t

to the ident i ca l process fo l lowed by the n var i ab l es , bu t the represent a t ion

would be l ess par s i monious and harder to recogni ze than i f i t were wr i t t en in

the form of (2)–(3) .

In the appl i ca t ion of th i s paper , we w i l l a rgue for a par t i cu l a r econom i c
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in t e rpre t a t ion of the vec tor t i me ser i es process tha t genera t ed the s ix

var i ab l es of in t e res t . Spec i f i ca l ly , we w i l l c l a i m tha t U , N and F aret t t

genera t ed by fac tor s to t a l ly exogenous w i th respec t to the goa l s of mone t a ry

pol i cy or the demand by banks for reserve depos i t s ; a var i e ty of ins t i tu t iona l

and econome t r i c ev idence w i l l be present ed in suppor t of th i s c l a i m . We w i l l

a rgue tha t mone t a ry pol i cy , spec i f i ca l ly the Federa l Reserve ' s t rad ing desk ,

responds to these exogenous shocks through manipul a t ion of the magni tude i t

cont ro l s d i rec t ly , name ly S . Pr iva t e banks t ake the di s turbances to U , N ,t t t

F , and S as given and make a choi ce as to how much to bor row a t the di scountt t

w indow L in response . Th i s choi ce then de t e rm ines banks ' reserves D throught t

the account ing ident i ty (1) . Thus we are t rea t ing D as the " res idua l "t

var i ab l e in the sys t em . Thi s does not mean tha t i t i s the l eas t i mpor t an t

var i ab l e or tha t we have l i t t l e to say about i t s de t e rm inant s . Jus t the

oppos i t e i s the case–– the other var i ab l es are of in t e res t pr i mar i ly because

they ma t t e r for banks ' reserves , and the i mpl i c i t empi r i ca l descr ip t ion of the

de t e rm inant s of D repor t ed in th i s paper i s the mos t de t a i l ed and involved oft

any of the re l a t ions inves t iga t ed–– every var i ab l e inves t iga t ed here has some

ef fec t on D .t

The subsequent sec t ions present our econome t r i c ana lys i s of the

de t e rm inant s of each of the indiv idua l e l ement s of the consol ida t ed Fed

ba l ance shee t .

444... FFFeeedddeeerrraaalll RRReeessseeerrrvvveee dddeeepppooosss iii ttt sss hhheeelllddd bbbyyy ttthhheee UUU...SSS... TTTrrreeeaaasssuuurrryyy

Figure 1 plo t s the da i ly va lues for U , the Treasury ' s ba l ance w i th thet

Fed . The behavior of th i s se r i es over 1989–1991 was descr ibed in de t a i l in

Ham i l ton (1997) , and the appearance of the new da t a for 1992–1994 in Figure 1

i s qui t e s i m i l a r . In par t i cu l a r : (1) the Treasury ba l ance typi ca l ly ends each
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day w i th in a bi l l ion dol l a r s of the $5 bi l l ion t a rge t tha t the Treasury and

the Fed are t ry ing to hi t ; (2) dur ing t i mes of heavy t ax rece ip t s , the usua l

Tax and Loan Account s tha t the government employs to achi eve th i s t a rge t reach

the i r capac i ty , and the Treasury ba l ance can shoot drama t i ca l ly upward ; (3)

these bulges in the Treasury ba l ance usua l ly d i sappear qui ck ly as a resu l t of

the heavy f i sca l expendi tures tha t come w i th the s t a r t of a new month .

As a f i r s t s t ep , I re–es t i ma t ed the mode l proposed by Ham i l ton (1997) ,

the only di f fe rences be ing the sampl e per iods and the fac t tha t the prev ious

s tudy used maxi mum l ike l ihood to cont ro l for ARCH and out l i e r s , whereas , g iven

the l a rge number of var i ab l es to be ana lyzed here , the cur ren t s tudy s i mply

uses OLS for a l l es t i ma t ion . The or ig ina l es t i ma t es and the new resu l t s a re

repor t ed toge ther in Tabl e 2 . The ear l i e r spec i f i ca t ion mode l ed the f i l l ing

of the Tax and Loan Account s through a threshold autoregress ion ; i f the

prev ious day ' s Treasury ba l ance exceeded $8 bi l l ion , then a di f fe ren t cons t an t

t e rm and autoregress ive coef f i c i en t a re es t i ma t ed ( the coef f i c i en t s on U and1t

U U , respec t ive ly–– see Tabl e 3 for a summary of the not a t ion used in th i s1 t t–1

and a l l subsequent t ab l es ) . The t endency of the s t a r t of a new month to ki ck

the process out of the t ax–bulge reg i me i s captured by U and U U . O ther2 t 2 t t–1

var i ab l es a l low for inf luences of the ma jor t ax col l ec t ion per iods (U ) , a3 t

separa t e dummy for Apr i l (γ ) , a Fr iday ef fec t (ξ ) , end–of–month ef fec t4 t 5 t

(C ) , and Soc i a l Secur i ty d i sbur sement s ( I [C =3] and I [C =4] ) .2 t 1 t 1 t

The cor respondence be t ween the old and new parame t e r es t i ma t es i s qui t e

remarkabl e , g iven tha t there i s zero over l ap be t ween the t wo da t a se t s . A l l

of the coef f i c i en t s re t a in the same s ign , and mos t a re qui t e c lose in

magni tude to the or ig ina l es t i ma t es and rema in highly s t a t i s t i ca l ly

s ign i f i can t . The medi an absolu t e t–s t a t i s t i c of the se t of new es t i ma t es

repor t ed in Tabl e 2 i s 3 .2 . Such s t ab i l i ty of a de t a i l ed s t a t i s t i ca l mode l i s
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ra ther ra re in macroeconom i cs , and I would argue speaks to the soundness of

the under ly ing research s t ra t egy , name ly , l e t the spec i f i ca t ion be guided by a

de t a i l ed under s t anding of the re l evant ins t i tu t ions , exerc i se care to avoid

s i mu l t aneous equa t ions b i as , and subj ec t the mode l to r igorous spec i f i ca t ion

t es t ing before conc luding i t i s cor rec t .

A l though the or ig ina l spec i f i ca t ion per forms very we l l , addi t iona l

t es t ing w i th the new da t a se t sugges t ed severa l ways i t m igh t be i mproved .

F i r s t , the dumm i es for Soc i a l Secur i ty d i sbur sement ( I [C =3] and I [C =4] in1 t 1 t

Tabl e 2) are no longer s t a t i s t i ca l ly s ign i f i can t , and so were dropped in the

in t e res t s of par s i mony . Second , the four th l ag of the Treasury ba l ance (U )t–4

proved to be s igni f i can t in the new da t a se t , and so i t was inc luded in the

spec i f i ca t ion tha t w i l l be used here ( see Tabl e 4) . Th i rd , i t i s apparen t

f rom Figure 1 tha t the l as t ha l f of December i s a l so charac t e r i zed by

unusua l ly h igh va lues for the Treasury ba l ance . Thus the or ig ina l ind i ca tor

for the ma jor t ax col l ec t ion per iods , U , wh i ch was def ined as the second3t

ha l f of January , Apr i l , June , and Sept ember , was rep l aced for th i s s tudy by

U , whi ch cover s the second ha l f of January , Apr i l , June , Sept ember , and4t

December . Mode l ing the December cont r ibu t ion to t ax rece ip t s i s i mpor t an t for

th i s s tudy given the s ign i f i can t ro l e of the Chr i s t mas season for some of the

other ba l ance shee t component s of in t e res t here . We use the same day as in

Ham i l ton (1997) for de t e rm in ing when the second ha l f of a month begins ,

name ly , the day fo l low ing the f i r s t Monday af t e r the 15th of the month . Th i s

day i s a l so s t r ik ing ly i mpor t an t for the Treasury ba l ance in the new da t a se t ,

so we have a l so inc luded a new dummy var i ab l e U for th i s par t i cu l a r day5t

dur ing the ma jor t ax col l ec t ion months . F ina l ly , we f ind some sugges t ion of

more genera l day–of– the–week ef fec t s than the s i mp l e Fr iday dummy used in the

ear l i e r ana lys i s ; the Treasury ba l ance i s of t en s l igh t ly h igher on Monday and
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Tuesday than other days of the week . The mode l used here a l lows a separa t e

in t e rcept for each day of the week .

How does one dec ide whe ther th i s i s an adequa t e represen t a t ion of the

t i me ser i es? Tabl e 5 t es t s whe ther a var i e ty of o ther pot en t i a l ind i ca tor s

have been cor rec t ly exc luded f rom our mode l of the Treasury ba l ance . These

t es t s cover over a hundred exc luded var i ab l es and inc lude a l l of the

expl ana tory var i ab l es used in the var ious mode l s es t i ma t ed in th i s paper . In

every case we accept a t the 5% l eve l the nul l hypothes i s tha t the mode l of the

Treasury ba l ance repor t ed in Tabl e 4 has been cor rec t ly spec i f i ed . No t e tha t

Tabl e 5 adopt s a genera l s t ruc ture so tha t i t can a l so be used to repor t

eva lua t ions of subsequent mode l s as we l l , so tha t some t i mes a subse t or a l l of

the var i ab l es descr ibed in a given row have a l ready been inc luded in any one

mode l . When th i s i s the case , the t es t repor t ed in Tabl e 5 refer s only to

those var i ab l es tha t a re not a l ready inc luded in the mode l . Thus , for

exampl e , of the seven t ax indi ca tor s l i s t ed in the t en th row of Tabl e 5 , only

U , the dummy for the ma jor t ax col l ec t ion per iods used in Ham i l ton (1997) ,3 t

was not a l ready inc luded in the mode l for the Treasury ba l ance . Thus the

hypothes i s t es t for the f i r s t co lumn of th i s row has only one degree of

f reedom , and i s a t es t of the s ing l e res t r i c t ion tha t U does not be long .3 t

Equiva l en t ly ( s ince the broader ind i ca tor U i s inc luded) , th i s i s a t es t of4 t

the res t r i c t ion tha t the Treasury ba l ance di sp l ays the same kind of dynam i cs

in the l a t t e r par t of December as i t does in the other t ax col l ec t ion per iods .

A l though the p–va lue of 0 .06 i s c lose to re j ec t ing the nul l hypothes i s , we

regard th i s as suppor t ing the choi ce of inc luding December w i th the other

months ra ther than giv ing i t a new separa t e dummy . A l l of the other nul l

hypotheses in the f i r s t co lumn of Tabl e 5 are readi ly accept ed .

We conc lude tha t the descr ip t ion of the de t e rm inant s of the Treasury ' s
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ba l ance of Federa l Reserve depos i t s of fe red in Ham i l ton (1997) i s

subs t an t i a l ly conf i rmed–– th i s magni tude i s governed ent i re ly by f i sca l

rece ip t s and expendi tures and the t i m ing of when par t i cu l a r payment s are made

and checks c l ear . In par t i cu l a r , the s i ze of U can be t rea t ed as s t r i c t lyt

econome t r i ca l ly exogenous w i th respec t to e i ther mone t a ry pol i cy or banks '

des i red l eve l s of bor rowed or excess reserves .

The c l a i m tha t U i s s t r i c t ly econome t r i ca l ly exogenous i s re fu t ab l e ; i ft

th i s se r i es does not respond to open marke t opera t ions or anyth ing banks can

choose , then l agged va lues of any of the other magni tudes in the Fed ' s ba l ance

shee t should not be usefu l in pred i c t ing the va lue of U . Tabl e 5 indeedt

conf i rms tha t none of the other var i ab l es , e i ther ind iv idua l ly or t aken as a

group , "cause" in the def in i t ion of Granger (1969) the va lue of U . Not e thet

ro l e of the account ing ident i ty in t es t ing the l a t t e r hypothes i s–– i f a

regress ion a l ready inc ludes the va lue of S , L , F , N , and U ,t–1 t–1 t–1 t–1 t–1

then inc luding the va lue of D would be a redundant regressor s ince i t st–1

va lue i s an exac t l inear combina t ion of the other f ive . Thus the nul l

hypothes i s descr ibed in the second to l as t row of Tabl e 5 tha t noth ing f rom

the prev ious f ive days ' wor th of ba l ance shee t s he lps pred i c t the va lue of U t

o ther than four l ags of i t se l f , i s ac tua l ly a res t r i c t ion tha t the 21

coef f i c i en t s on the var i ab l es U and S , L , F , N for j = 1 , . . . , 5t–5 t– j t– j t– j t– j

a re a l l zero . No t e tha t th i s res t r i c t ion i s read i ly accept ed .

Thi s ev idence suppor t s the f i r s t ma jor ident i fy ing assumpt ion for the

es t i ma t ion of s t ruc tura l mode l s tha t w i l l fo l low . Spec i f i ca l ly , any

cont emporaneous cor re l a t ion be t ween U and other ba l ance shee t t e rms should bet

in t e rpre t ed as the response by the Fed or banks to the Treasury ba l ance ,

ra ther than the other way around .
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555... FFFeeedddeeerrraaalll RRReeessseeerrrvvveee NNNooottteeesss

F igure 2 plo t s the va lue for N , Federa l Reserve not es out s t anding . Thi st

se r i es d i sp l ays a s t rong upward t rend , r i s ing f rom $280 bi l l ion a t the s t a r t

of the sampl e to $380 bi l l ion by the end . P lo t t ing the three year s toge ther

as in F igure 2 highl igh t s the i mpor t ance of seasona l component s as we l l . The

mos t drama t i c of these i s a huge run–up in cash dur ing the Chr i s t mas spending

season each year tha t gradua l ly ge t s re turned to the Fed dur ing January . A

m in i ver s ion of the same pa t t e rn can be seen w i th the other hol idays .# There

i s a b ig bulge in cash pr ior to Ju ly 4 , Labor Day , Thanksgiv ing , and ,

surpr i s ing ly , Co lumbus Day , and more m inor increases pr ior to Pres ident ' s Day ,

Memor i a l Day , and Ve t e ran ' s Day . The ident i ca l annua l regul a r i t i es seem to

hold out s ide the sampl e as we l l ; see for exampl e the plo t s for 1986 to 1988

given in Meul endyke (1989 , p . 142) . The run–ups pr ior to the non–Chr i s t mas

hol idays presumably resu l t f rom the ext ra use of cash for t rave l and l e i sure

pur su i t s a t these t i mes . In addi t ion , there i s a s t rong day–of– the–week

ef fec t–– cash out s t anding t ends to be higher a t the beginning of the week than

a t the end . Thi s weekly pa t t e rn i s much more prom inent for 1994 than the t wo

ear l i e r year s .

Tabl e 6 present s es t i ma t es of our s t a t i s t i ca l mode l for N . The mode lt

inc ludes a t i me t rend , t en l ags of N , a dummy for December ( the coef f i c i en tt– j

on γ ) , and day–of– the–week ef fec t s (ξ ) wh i ch are a l lowed to be di f fe ren t12 , t j t

in 1994 f rom the res t of the sampl e . We a l so found a c l ear t endency for cash

to be higher a t the beginning and end of each month than in the m iddl e ; the

#The banking hol idays for the U . S . a re January 1 , Mar t in Luther K ing Day ( the
th i rd Monday in January) , Pres ident ' s Day ( th i rd Monday in February) , Memor i a l
Day ( the l as t Monday in May) , Ju ly 4 , Labor Day ( f i r s t Monday in Sept ember ) ,
Co lumbus Day ( second Monday in Oc tober ) , Ve t e ran ' s Day (November 11 , or the
fo l low ing Monday i f November 11 fa l l s on a weekend) , Thanksgiv ing ( the four th
Thur sday in November ) , and Chr i s t mas (December 25 , or the day af t e r i f
December 25 fa l l s on a Sunday) .
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coef f i c i en t s on the day of the month (C ) and i t s square have t s t a t i s t i cs1 t

near t en in absolu t e va lue . Cash goes up the c loser one ge t s to an

approaching hol iday ( the coef f i c i en t s on H and H ) . Ho l idays of cour se1 t 2 t

mus t a l so in t e rac t w i th day–of– the–week ef fec t s ; i f Monday i s a hol iday , then

wha t ever usua l ly happens on Mondays mus t show up on the preceding Fr iday or

the fo l low ing Tuesday tha t week ins t ead . We f ind the mos t s t r ik ing

conf i rma t ion of th i s in 1994 , when the day–of– the–week ef fec t s are mos t

drama t i c–– separa t e 1994 dumm i es for the day before a 1– or 3–day hol iday (H5t

or H ) or the day af t e r a 3–day hol iday (H ) are h ighly s t a t i s t i ca l ly6 t 6 , t–1

s igni f i can t . S ince i t i s unc l ear a pr ior i exac t ly how a typi ca l weekly

pa t t e rn should be di s rupt ed by a hol iday , and s ince the publ i c ' s use of cash

in t roduces a drama t i c ef fec t of the hol iday i t se l f , we have not t r i ed to mode l

the in t e rac t ion be t ween hol idays and day–of– the–week ef fec t s in fur ther

de t a i l . In the in t e res t s of par s i mony we have ins t ead jus t t r i ed to capture

wha t seem to be the mos t drama t i c fea tures of the da t a . We a l so pay

par t i cu l a r a t t en t ion to Chr i s t mas–– the mode l captures the in i t i a l surge in

cash pr ior to Thanksgiv ing (X and X ) , the bui ld–up as Chr i s t mas approaches4 t 5 t

( the coef f i c i en t s on X and X ) , p l a t eau in the week around Chr i s t mas (X ) ,2 t 3 t 1 t

and subsequent dec l ine (X and X ) .6 t 7 t

As in the mode l for the Treasury ba l ance , there i s no doubt tha t the

inc luded var i ab l es are ext reme ly i mpor t an t de t e rm inant s of da i ly f luc tua t ions

in the quant i ty of Federa l Reserve not es–– the coef f i c i en t s in Tabl e 6 have a

medi an absolu t e t s t a t i s t i c of f ive . Tabl e 5 subj ec t s th i s mode l to the same

ba t t e ry of spec i f i ca t ion t es t s as was used to eva lua t e the mode l of the

Treasury ba l ance . Overa l l the mode l does qui t e we l l , though more de t a i l ed

ana lys i s of the ro l e of hol idays m ight be jus t i f i ed .

Wha t does th i s s t a t i s t i ca l mode l t e l l us about the na ture of the econom i c
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forces tha t de t e rm ine the quant i ty of Federa l Reserve not es? Cer t a in ly the

long–t erm upward t rend i s the out come of mone t a ry pol i cy–– the publ i c ' s cash

hold ings could hard ly have increased by $100 bi l l ion over these three year s i f

the Fed had kept i t s secur i t i es hold ings cons t an t . For tha t ma t t e r , i t would

be i mposs ib l e for cash hold ings to expand and cont rac t over Chr i s t mas to the

degree exhib i t ed in the da t a i f there were not l a rge open marke t purchases in

December and cor responding sa l es in January . Never the l ess , i t seems qui t e

c l ear tha t i t i s the publ i c ' s demand for cash a t Chr i s t mas tha t causes th i s

seasona l behavior of open marke t opera t ions , ra ther than the other way around .

Indeed , a l l of the var i ab l es in the mode l in Tabl e 6 , apar t f rom the t rend ,

a re much more na tura l ly in t e rpre t ed as seasona l fac tor s tha t inf luence the

demand for cash whi ch the Fed pass ive ly accommoda t es , ra ther than as

regul a r i t i es tha t for some reason are de l ibera t e ly in t roduced by mone t a ry

pol i cy . For exampl e , i f the day–of– the–week ef fec t s were somehow the resu l t

of a par t i cu l a r reserve management s t ra t egy by banks or reserve crea t ion

pol i cy by the Fed , these would sure ly be re l a t ed to the reserve ma in t enance

per iod , whi ch i s a t wo–week ra ther than a one–week cyc l e . However , one

accept s the nul l hypothes i s tha t se t t l ement Wednesdays and non–se t t l ement

Wednesdays on average have exac t ly the same l eve l of cash hold ings , as

repor t ed in the ϒ row of Tabl e 5 .j t

We accord ingly t ake the vi ew tha t a l though open marke t opera t ions are

respons ib l e for the long–run t rend in N , mos t of the var i ance of da i lyt

changes in N i s due to f luc tua t ions in the publ i c ' s demand for cash . Bankst

s i mp ly pass da i ly var i a t ion in the publ i c ' s demand for cash on to the Fed by

asking to exchange depos i t s for Federa l Reserve not es . Fur ther suppor t for

the c l a i m tha t d i s turbances to N can be t rea t ed as exogenous w i th respec t tot

the other e l ement s of the ba l ance shee t i s provided by the Granger–causa l i ty
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t es t s in Tabl e 5 . I f f luc tua t ions in N were a response to open marke tt

opera t ions , one would expec t l agged va lues of S to be he lpfu l fort– j

forecas t ing N . In fac t , they are of no he lp for forecas t ing , nor are l aggedt

d i scount bor row ing , Federa l Reserve depos i t s , or the Treasury ba l ance . Lagged

va lues of the f loa t F are s t a t i s t i ca l ly s ign i f i can t . However , the one l agt– j

tha t i s ind iv idua l ly s ign i f i can t i s F , wh i ch ent e r s w i th a nega t ive s ign .t–4

Such a pa t t e rn i s h ighly i mpl aus ib l e a pr ior i , and we be l i eve tha t the cor rec t

in t e rpre t a t ion i s tha t th i s i s an exampl e of re j ec t ing the nul l hypothes i s

even though i t i s t rue , wh i ch of cour se should happen once in every t wenty

hypothes i s t es t s . Indeed , when one groups F w i th the other l agged e l ement st– j

f rom the ba l ance shee t , one readi ly accept s the jo in t nul l hypothes i s tha t a l l

t wen ty coef f i c i en t s ( inc luding F ) are zero .t–4

We conc lude tha t innova t ions in the es t i ma t ed equa t ion for N can bet

in t e rpre t ed as shocks to the publ i c ' s demand for cash and of fer a second va l id

exogenous ins t rument for purposes of es t i ma t ing s t ruc tura l mode l s of Federa l

Reserve or bank reserve management behavior .

666... FFFllloooaaattt

Ne t Federa l Reserve f loa t (F ) i s d i sp l ayed in Figure 3 . On mos t dayst

th i s magni tude i s under a b i l l ion dol l a r s , w i th s torms and w i re t rans fer

e r ror s occas iona l ly genera t ing l a rge out l i e r s . We par t i a l ly cont ro l for

out l i e r s by in t roduc ing dummy var i ab l es for the t wo observa t ions tha t a re over

t en bi l l ion dol l a r s (March 15 , 1993 and Oc tober 4 , 1993) and for Sept ember 9 ,

1992 , whi ch , as descr ibed in Sec t ion 2 , does not show up as an out l i e r in

F igure 3 but was assoc i a t ed w i th some huge anoma l i es in the ba l ance shee t .

The poin t es t i ma t es for coef f i c i en t s are s i m i l a r w i th or w i thout these dummy

var i ab l es , though we regard the resu l t s tha t inc lude the dumm i es as more
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re l i ab l e .

Our mode l of F i s summar i zed in Tabl e 7 . Only one l ag of f loa t i st

usefu l for forecas t ing , and i t s coef f i c i en t i s re l a t ive ly sma l l ; there i s not

much ser i a l cor re l a t ion in th i s se r i es .

We do f ind a s t rong day–of– the–week in the coef f i c i en t on ξ ; f loa t2 t

t ends to be ha l f a b i l l ion dol l a r s h igher than usua l on Tuesdays .

Conf i rma t ion tha t th i s i s some th ing rea l ra ther than a s t a t i s t i ca l a r t i fac t i s

found in the s ign i f i can t pos i t ive coef f i c i en t on H –– when there has been6 , t–2

a three–day weekend ending on a Monday ra ther than the usua l t wo–day weekend

ending on a Sunday , the upsurge in f loa t comes on Wednesday ra ther than

Tuesday . In genera l , f loa t i s qui t e low the day af t e r any hol iday and r i ses

subsequent ly , as captured by the coef f i c i en t s on H and H . We in t e rpre t3 t 4 t

these pa t t e rns as resu l t ing f rom l ags in the check–c l ear ing process and the

ext ra volume the fo l lows any day on whi ch the check–c l ear ing process i s

c losed .

We a l so f ind tha t f loa t i s l ike ly to be higher dur ing the w in t e r months

(C ) and the pos t–Chr i s t mas season in par t i cu l a r (X + X ) , wh i ch we3t 1 t 6 t

a t t r ibu t e to the fac t tha t s torms are more l ike ly dur ing those months . F loa t

a l so t ends to be s l igh t ly lower on the l as t day of the month (C ) .3 t

Lagged va lues of Federa l Reserve not es (N ) are usefu l for forecas t ingt– j

f loa t . I f banks asked the Fed for more cur rency yes t e rday (N – Nt–1 t–2

pos i t ive) , then f loa t t ends to be higher today , w i th an addi t iona l b i l l ion in

cur rency be ing assoc i a t ed w i th a $250 m i l l ion increase in f loa t . Such a

pa t t e rn m ight resu l t i f peopl e of t en ask for cash when they depos i t a check .

We would aga in argue tha t the fac tor s ident i f i ed here as de t e rm inant s of

f loa t–– s torms , vo lume of checks , and l ags in the check–c l ear ing process–– are

compl e t e ly beyond the cont ro l of both banks and the Federa l Reserve . Lagged
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N was found to pl ay a ro l e , bu t we argued above tha t da i ly f luc tua t ions int– j

N are exogenous to banks and the Fed as we l l . We fur ther f ind in Tabl e 5 not

cont r ibu t ion of the day of the ma in t enance per iod ϒ to f loa t , and l aggedj t

va lues of any of the t e rms on the ba l ance shee t o ther than F or N are not– j t– j

use in forecas t ing f loa t .

We thus c l a i m to have ident i f i ed three sources of d i s turbance to i t ems in

the Federa l Reserve ' s ba l ance shee t tha t a re l a rge ly beyond the cont ro l of

both banks and the Fed i t se l f . We assoc i a t e the res idua l s in the equa t ion for

the Treasury ba l ance U in Tabl e 4 w i th unant i c ipa t ed f i sca l rece ip t s andt

expendi tures , the res idua l s in the equa t ion for Federa l Reserve not es N int

Tabl e 6 w i th changes in the publ i c ' s demand for cash , and res idua l s in the

equa t ion for f loa t F in Tabl e 7 w i th t emporary di s turbances to thet

check–c l ear ing sys t em . As fur ther ev idence tha t these represent three

separa t e exogenous sources of shocks , we document in the l as t row of Tabl e 5

tha t the three res idua l s appear to be mutua l ly uncor re l a t ed ; for exampl e , one

readi ly accept s the nul l hypothes i s tha t cont emporaneous va lues of N and Ft t

do not be long in the equa t ion for U (p–va lue = 0 .41) .t

I f a d i s turbance to N has no ef fec t on U or F , then , by the account ingt t t

iden t i ty , a $1 bi l l ion increase in N mus t be assoc i a t ed w i th a $1 bi l l iont

increase in S or L , a $1 bi l l ion decrease in D , or a combina t ion of thet t t

three . I f a d i s turbance to N i s beyond the cont ro l of the Fed or banks , thent

the cor re l a t ions one observes be t ween N and S , L , or D mus t be in t e rpre t edt t t t

as the response by banks and the Fed to di s turbances in the demand for cash ,

ra ther than the other way around . In the subsequent sec t ions we w i l l

therefore use the res idua l s of the equa t ions for U , N , and F as ins t rument st t t

w i th whi ch to ident i fy a s t ruc tura l mode l of bank behavior .
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777... SSSeeecccuuurrr iii ttt iiieeesss aaannnddd ooottthhheeerrr nnneeettt aaasssssseeettt sss

Adjus t ment of secur i t i es and other ne t asse t s , S , through open marke tt

oper t ions cons t i tu t es the Fed ' s pr i mary pol i cy tool . We do not a t t empt here

to bui ld a de t a i l ed s t ruc tura l mode l of the Fed ' s behavior . Ins t ead we

es t i ma t e a s i mp l e reduced–form equa t ion re l a t ing S to the day of thet

ma in t enance per iod , l agged va lues of a l l the i t ems in the ba l ance shee t , and

cur ren t shocks to the three equa t ions for U , N , and F . The onlyt t t

coef f i c i en t s of in t e res t here are those on the l as t three var i ab l es , whose OLS

es t i ma t es are as fo l lows :

^ ^ ^ ^S = xxx ' βββ + 0 .474 ε + 0 .179 ε + 0 .045 ε . (5)t S t U t N t F t(0 .051) (0 .528) (0 .136)

Here xxx i s a vec tor cons i s t ing of S , D , N , U , L , and ϒ forS t t– j t– j t– j t– j t– j j t
^ ^ ^j = 1 , . . . , 10 , wh i l e ε , ε , and ε denot e the f i t t ed res idua l s f rom the OLSU t N t F t

regress ions repor t ed in Tabl es 4 , 6 , and 7 , respec t ive ly .

We have argued tha t these res idua l s represen t shocks to spec i f i c

s t ruc tura l equa t ions ; ε i s a shock to Treasury rece ip t s or expendi tures , εU t N t

i s a shock to the publ i c ' s demand for cash , whi l e ε i s a shock to theFt

payment s c l ear ing mechani sm . We have fur ther argued tha t these shocks are

s t r i c t ly exogenous w i th respec t to mone t a ry pol i cy or the choi ces made by

banks . We therefore in t e rpre t the s t rongly s t a t i s t i ca l ly s ign i f i can t

^coef f i c i en t on ε in equa t ion (5) as the Federa l Reserve ' s response to anU t

exogenous shock to the Treasury ba l ance . Spec i f i ca l ly , the Fed i s in

consul t a t ion w i th the Treasury each day in an ef for t to forecas t wha t the

Treasury ba l ance w i l l be for tha t day . The Fed incorpora t es tha t forecas t

in to the dec i s ion of whe ther and how much to add or dra in reserves f rom the

^banking sys t em tha t day . The pos i t ive coef f i c i en t on ε re f l ec t s the Fed ' sU t

response to th i s advance informa t ion . Thus , i f the Treasury ba l ance

exper i ences a $1 bi l l ion shock on day t (ε = 1) , the Fed typi ca l ly adds $474U t
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m i l l ion to i t s open marke t opera t ions for tha t day , and thereby succeeds in

par t i a l ly insu l a t ing the banking sys t em f rom the shock .

The pos i t ive coef f i c i en t on ε could l ikew i se be in t e rpre t ed as the FedN t

success fu l ly ant i c ipa t ing par t of the shock to cash demand for day t and

managing to of f se t some of i t through the open marke t opera t ions . However ,

the coef f i c i en t on ε i s es t i ma t ed qui t e i mprec i se ly , and i s cons i s t en t w i thN t

the c l a i m tha t the Fed can not an t i c ipa t e the shock a t a l l , in whi ch case the

t rue coef f i c i en t would be zero , or tha t the Fed ant i c ipa t es the shock

per fec t ly , in whi ch case the t rue coef f i c i en t could be uni ty .

^By cont ras t , the sma l l bu t pos i t ive coef f i c i en t on ε in equa t ion (5)F t

could not be in t e rpre t ed as the Fed ' s response to an exogenous di s turbance to

the check c l ear ing sys t em , because i t i s of the wrong s ign . Pos i t ive va lues

for ε or ε t ake reserve depos i t s away f rom banks , whereas a pos i t ive va lueU t N t

for ε adds reserve depos i t s to banks . However , the es t i ma t ed coef f i c i en t onFt

ε i s qu i t e c lose to zero and i s reasonably we l l es t i ma t ed ; we would eas i lyF t

accept the nul l hypothes i s tha t the Fed i s compl e t e ly unabl e to forecas t

d i s turbances to f loa t , and can say w i th conf idence tha t the Fed a t mos t

succeeds in neut ra l i z ing only a sma l l par t of any di s turbance to f loa t .

^ ^ ^The res idua l s ε , ε , and ε in equa t ion (5) are genera t ed regressor s ,U t N t F t

proper t i es of whi ch are d i scussed by Pagan (1984) and Murphy and Tope l (1985) .

Spec i f i ca l ly , for th i s exampl e we know tha t (a ) the coef f i c i en t s repor t ed in

equa t ion (5) g ive cons i s t en t es t i ma t es of wha t the coef f i c i en t s would be on

the t rue popul a t ion var i ab l es ε , ε , or ε ; (b) i f the t rue coef f i c i en t i sU t N t F t

zero , then the s t andard er ror s repor t ed in equa t ion (5) g ive cons i s t en t

es t i ma t es of the t rue s t andard er ror s . Thus a s t andard t– t es t of whe ther a

coef f i c i en t in equa t ion (5) i s s t a t i s t i ca l ly s ign i f i can t ly d i f fe ren t f rom zero

i s per fec t ly va l id . On the other hand , i f the t rue coef f i c i en t i s not zero ,
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then the s t andard er ror s repor t ed in equa t ion (5) are incor rec t .

One qui ck way to check for the i mpor t ance of th i s i ssue i s to rep l ace the

^ ^ ^f i t t ed res idua l s ε , ε , and ε w i th the ex–pos t va lues U , N , and F , andU t N t F t t t t

augment equa t ion (5) to inc lude a l l the expl ana tory var i ab l es used in the

mode l s for these three var i ab l es . Such a regress ion i s f ree to rep l i ca t e

exac t ly the f i t in (5) , name ly by choos ing a coef f i c i en t on U equa l to 0 .474 ,t

a coef f i c i en t on U equa l to –0 .474 t i mes –2 .30 (where –2 .30 i s the va lue of1 t

the coef f i c i en t re l a t ing U to U in Tabl e 4) , and so on . I f the goa l i s tot 1 t

es t i ma t e the response of S to the res idua l s in the equa t ions for U , N , andt t t

F , such a regress ion i s obvious ly highly inef f i c i en t , s ince i t ends upt

es t i ma t ing 43 f ree parame t e r s for purposes of com ing up w i th 3 par t i cu l a r

coef f i c i en t s . The regress ion i s never the l ess of in t e res t as a check on the

va l id i ty of (5) . The resu l t s of th i s regress ion are as fo l lows :

^ ^S = xxx ' γγγ + zzz ' δδδ + 0 .471 U + 0 .088 N + 0 .040 F . (6)t S t t t t t(0 . 049) (0 .511) (0 .132)

Here xxx i s the same vec tor of 60 l agged and de t erm in i s t i c var i ab l es appear ingSt

in (5) whi l e zzz cont a ins the 40 addi t iona l expl ana tory var i ab l es used int

Tabl es 4 , 6 , and 7 . The coef f i c i en t s and s t andard er ror s in equa t ion (6) are

qui t e c lose to those in (5) , and we w i l l proceed on the assumpt ion tha t the

resu l t s in equa t ion (5) are the appropr i a t e ones to use .

To summar i ze , we f ind tha t a $1 bi l l ion shock to the Treasury ba l ance i s

par t i a l ly of f se t by a $474 m i l l ion increase in the Fed ' s secur i t i es hold ings .

We ear l i e r presen t ed evidence tha t th i s shock i s compl e t e ly uncor re l a t ed w i th

the exogenous di s turbances to e i ther N or F . Thus f rom the account ingt t

iden t i ty (1) , a $1 bi l l ion shock to U mus t resu l t in some combina t ion of at

decrease in banks ' Federa l Reserve depos i t s D and an increase in the loanst

banks t ake out f rom the di scount w indow L , where the sum of these t wo ef fec t st

mus t come to $526 m i l l ion . S i m i l a r ly , i f we accept the 0 .179 es t i ma t e in (5) ,



–27–

a $1 bi l l ion shock to N mus t a l so resu l t in some combina t ion of a decrease int

D or an increase in L , where in th i s case –∆D + ∆L = $821 m i l l ion .t t t t

F ina l ly , the apparen t zero coef f i c i en t on ε in (5) means tha t a $1 bi l l ionFt

shock to F mus t resu l t in an increase in D or a decrease in L , w i th ∆D –t t t t

∆L = 1 .t

To know how a given shock ge t s appor t ioned be t ween D and L , we need at t

mode l of banks ' demand for excess reserves and w i l l ingness to bor row a t the

di scount w indow , to whi ch we turn next .

888... DDDiii ssscccooouuunnnttt wwwiiinnndddooowww llloooaaannnsss

Thi s sec t ion deve lops a s i mp l e s t ruc tura l mode l of how banks reac t to

exogenous shocks to the i r reserve pos i t ion . Le t X denot e the supply oft

nonbor rowed Federa l Reserve Depos i t s tha t a re ava i l ab l e to banks on day t for

purposes of mee t ing the i r cur ren t reserve requi rement , where by "nonbor rowed"

we mean reserves tha t a re not bor rowed di rec t ly f rom the Fed i t se l f a t the

d i scount w indow . Thus X i s def ined ast

X = S + F – N – U . (7)t t t t t

To t a l Federa l Reserve Depos i t s a re the sum of X plus d i scount w indow loans :t

D = X + L . (8)t t t

Banks face a bi weekly reserve requi rement , whereas our goa l i s to deve lop

a mode l of da i ly reserve management . We def ine Q to be the average da i lyt

reserve requi rement for the cur ren t t wo–week ma in t enance per iod . Not e tha t Q t

i s a s t ep func t ion , whi ch i s cons t an t across d i f fe ren t days of a g iven

ma in t enance per iod but sh i f t s up or down on the day tha t a new ma in t enance

per iod begins . Th i s cons t an t Q has the proper ty tha t i f banks he ld th i st

l eve l of depos i t s every day of a given ma in t enance per iod they would jus t
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sa t i s fy reserve requi rement s .$ We w i l l re fe r to any depos i t s tha t banks hold

above Q as the da i ly l eve l of excess reserves E . Thus we have thet t

account ing ident i ty

Q + E = X + L . (9)t t t t

We mode l requi red reserves Q and nonbor rowed reserves X as exogenous tot t

banks funds manager s ' dec i s ions for day t .% In response to a decrease in X ,t

the banking sys t em as a whol e mus t e i ther bor row more f rom the Fed ( increase

L ) or make do w i th a lower l eve l of excess reserves (decrease E ) .t t

We assume tha t a represen t a t ive bank perce ives some benef i t s to hold ing

pos i t ive excess reserves and some cos t s to l e t t ing E become nega t ive . Wet

mode l these through a genera l func t ion α (E ) charac t e r i z ing the cos t s andt t

benef i t s of excess reserves ; no t e th i s i s a l lowed to be a di f fe ren t func t ion

for d i f fe ren t days t . The cos t of l e t t ing E go nega t ive on a typi ca l day i st

tha t the bank mus t hold some ext ra reserves the fo l low ing day . Ham i l ton

$Some comment s are in order about how the ser i es for Q was ac tua l ly obt a ined .t
There are a var i e ty of compl i ca t ions ignored in th i s s tudy , such as the ro l e
of requi red c l ear ing ba l ances and appl i ed ver sus nonappl i ed vaul t cash . Our
goa l was to obt a in a ser i es for Q tha t i s cons i s t en t w i th the way othert
var i ab l es are measured in th i s s tudy and ref l ec t s the key fac tor s govern ing
the demand for reserves . Our so lu t ion was to use the bi weekly average ser i es
for seasona l ly unadjus t ed to t a l reserves and requi red reserves f rom the FRED
da t abase ma in t a ined by the Federa l Reserve Bank of S t . Loui s . We took the
di f fe rence be t ween these t wo ser i es to obt a in a bi weekly average ser i es for

–excess reserves E . We then ca l cu l a t ed a bi weekly average of our own va luest
for D over a g iven t wo–week per iod , count ing typi ca l Fr idays t r ip l e , the dayt

–before one–day hol idays doubl e , and so on , to ar r ive a t a s t ep func t ion D t
cor responding to average da i ly reserve depos i t s . We then subt rac t ed average

– –excess reserves E f rom D to ar r ive a t the measure Q , whi ch we in t e rpre t ast t t
average da i ly requi red Federa l Reserve depos i t s .

%Our theore t i ca l mode l assumes tha t banks know the va lue of average requi red
reserves over the ma in t enance per iod Q a t t i me t . In our empi r i ca lt
es t i ma t es , we w i l l ins t rument for Q w i th var i ab l es known by banks a t t i me t .t
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(1996) d i scussed some reasons why banks prefe r not to do th i s and provided

evidence tha t they are indeed w i l l ing to pay to avoid i t . We assume tha t

α' > 0 ( the more excess reserves , the be t t e r ) and α" < 0 ( there i s at t

d i m in i sh ing va lue of excess reserves or an increas ing pena l ty for nega t ive

excess reserves ) .

Fo l low ing Goodf r i end , e t . a l . (1986) we a l so assume tha t banks ac t as i f

they faced a cos t func t ion for bor row ing reserves f rom the Fed of the form

β (L ) . Th i s func t ion mus t be more than jus t the di scount ra t e t i mes thet t

vo lume of loans , s ince typi ca l ly the di scount ra t e i s l ess than the federa l

funds ra t e . I f the only cos t of bor row ing f rom the Fed were the di scount

ra t e , then banks would want to bor row an inf in i t e amount of reserves f rom the

Fed a t the di scount ra t e , l end i t a l l ou t a t the federa l funds ra t e , and

pocke t the di f fe rence . Banks obvious ly ins t ead ac t as though they face

nonpecuni ary cos t s of bor row ing , in the form of addi t iona l regul a t ion ,

superv i s ion , and infer ior cred i t s t anding w i th o ther banks , i f they pl ace

excess ive re l i ance on the di scount w indow . We assume tha t β ' > 0 (bor row ingt

more cos t s more) and β" > 0 ( the nonpecuni ary marg ina l cos t r i ses w i th thet

l eve l of bor row ing) .

Condi t ion (9) i s an account ing ident i ty tha t mus t hold for the

aggrega t es . An indiv idua l bank , however , may cont empl a t e l ending any excess

reserves i t has to o ther banks on the Fed funds marke t , or bor row ing there i f

i t has a shor t fa l l . Le t A denot e Fed funds l en t by a represent a t ive bank ,t

where A < 0 would ind i ca t e tha t th i s bank i s bor row ing Fed funds . I f it t

denot es the federa l funds ra t e ( the in t e res t ra t e on overn ight loans of

reserves be t ween banks ) , then a represent a t ive bank i s assumed to choose E ,t

L , and A so as to maxi m i zet t

α (E ) + A i – β (L )t t t t t t
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subj ec t to

Q + E + A = X + L . (10)t t t t t

An addi t iona l cons t ra in t i s tha t banks can only bor row , not l end , a t the

di scount w indow : L ≥ 0 . On a typi ca l day , mos t banks do not go to thet

d i scount w indow , in whi ch case the above probl em would have the corner

so lu t ion L = 0 . In prac t i ce , however , aggrega t e L i s never observed to bet t

ze ro . On any given day , some banks are forced to bor row , even though mos t

choose not to . A conveni en t way to mode l th i s i s to genera l i ze the cons t ra in t

L ≥ 0 tot
–L ≥ L . (11)t t

–Thus , our " represen t a t ive" bank i s forced to bor row an exogenous magni tude Lt

a t the di scount w indow on day t , and w i l l choose to bor row more than th i s only

i f i t perce ives the di scount w indow to be a t t rac t ive re l a t ive to the Fed funds

marke t .

The f i r s t–order condi t ions for th i s maxi m i za t ion probl em are

α' (E ) = i (12)t t t
– –β ' (L ) ≥ i , L ≥ L , and (L – L ) ( i – β ' (L ) ) = 0 . (13)t t t t t t t t t t

Equa t ion (12) s t a t es tha t the oppor tun i ty cos t of Fed funds l en t ( i ) mus tt

equa l the marg ina l benef i t of hold ing more excess reserves (α' (E ) ) . Equa t iont t

(13) s t a t es tha t e i ther the marg ina l cos t of d i scount bor row ing (β ' (L ) )t t

exceeds the cos t of Fed funds bor row ing , in whi ch case the bank would opt for

–the m in i ma l l eve l of d i scount bor row ing L , or e l se the bank chooses to bor rowt
–a t the di scount w indow (L > L ) up to the poin t where the marg ina l cos t oft t

d i scount bor row ing equa l s the marg ina l cos t of bor row ing on the Fed funds

marke t .

We assume tha t the benef i t func t ion for excess reserves on day t (α ( ⋅ ) )t

and the cos t of bor rowed reserves func t ion (β ( ⋅ ) ) a re quadra t i c ,t
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2α (E ) = h + c E – (1 /2)a E + ε Et t t t t t t αt t
2β (L ) = k + d L + (1 /2)b L + ε L ,t t t t t t t βt t

where ε and ε represen t shocks to marg ina l cos t s or benef i t s tha t a re seenαt βt

by banks but not the econome t r i c i an , and h and k are arb i t ra ry cons t an t s fort t

the cos t func t ions . The f i r s t–order condi t ion (12) then becomes

i = c – a E + ε (14)t t t t αt

wh i l e (13) i mp l i es

–L = max{L , L*} (15)t t t

where L* sa t i s f i est

i = d + b L* + ε . (16)t t t t βt

Equa t ions (10) , (14) , (15) , and (16) descr ibe the va lues of A , E , L , and L*t t t t
–chosen by a represent a t ive bank as func t ions of Q , X , i , and L .t t t t

I f one bank l ends Fed funds , another mus t bor row , so tha t equi l ibr ium

requi res tha t the represent a t ive bank i s induced to choose A = 0 . Thet

var i ab l e tha t ad jus t s to ensure th i s equi l ibr ium condi t ion i s i . Se t t ingt

A = 0 , equa t ions (10) , (14) , (15) and (16) then descr ibe the equi l ibr iumt
–va lues of E , i , L , and L* as func t ions of Q , X and L . These equa t ionst t t t t t t

can be expl i c i t ly so lved as

c – d a ε – εt t t αt βtL* = _______ – _______(X – Q ) + _________ (17)t t t
b + a b + a b + at t t t t t

–L = max{L* , L } (18)t t t

E = X + L – Q (19)t t t t

i = c – a E + ε . (20)t t t t αt

S ign i f i can t l eve l s of d i scount w indow bor row ing t ake pl ace only on

se t t l ement Wednesday or the l as t day of a quar t e r ( see Figure 4) . Th i s could

be expl a ined in t e rms of the above equa t ions i f banks regard the marg ina l cos t

of d i scount bor row ing b to be much higher on nonse t t l ement days , tha t i s , thet
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Fed subj ec t s a bank ' s reques t to bor row to l ess scru t iny when tha t reques t

comes on a se t t l ement day or a t the end of a quar t e r . For th i s reason we

cons ider the fo l low ing spec i f i ca t ion :

b = β (1 – C ) + β C (21)t 1 6 t 2 6t

d = δ (1 – C ) + δ C , (22)t 1 6 t 2 6t

where C = 1 i f day t i s the l as t day of a ma in t enance per iod or the l as t day6t

of a quar t e r . Equa t ions (21) and (22) i mp ly tha t the marg ina l cos t of

d i scount bor row ing i s δ + β L + ε i f t i s the l as t day of a ma in t enance2 2 t βt

per iod or the l as t day of a quar t e r , whereas the marg ina l cos t i s δ + β L +1 1 t

ε on other days . I f we s i m i l a r ly spec i fyβt

a = α (1 – C ) + α C (23)t 1 6 t 2 6t

c = γ (1 – C ) + γ C (24)t 1 6 t 2 6t

and assume a second–order au toregress ive s t ruc ture for (ε – ε ) , then weαt βt

ob t a in the fo l low ing express ion whenever L = L*:&t t
γ – δ γ – δ α1 1 2 2 1L = _______(1 – C ) + _______ C – _______(1 – C ) (X – Q )t 6 t 6 t 6 t t t
β + α β + α β + α1 1 2 2 1 1

α 22– _______ C (X – Q ) + ∑ [φ C L + η (1 – C )L ]6 t t t s 6 t t–s s 6 t t–ss=1β + α2 2
2

+ ∑ [ψ C L + ω (1 – C )L ] + v . (25)s 6 , t–s t–s s 6 , t–s t–s ts=1

Equa t ion (25) i s a reduced form f rom the poin t of v i ew of the econom i c

mode l–– the magni tude X – Q i s t aken as exogenous w i th respec t to banks 't t

dec i s ions . Even so , equa t ion (25) i s not a reduced form in t e rms of i t s

econome t r i c proper t i es , because the er ror v i s cor re l a t ed w i th the regressort

(X – Q ) . The reason i s tha t the Federa l Reserve chooses the quant i ty oft t

&Not e tha t s ince each pa i r of regressor s w i th in square bracke t s in (25) sum to
L , t wo of the e ight regressor s w i th in square bracke t s in (25) aret–s
redundant .
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nonbor rowed reserves X so as to t a rge t the federa l funds ra t e . To do th i s ,t

i t w i l l ac t ive ly adjus t X in response to perce ived shocks to banks ' reservet

needs ; in o ther words , X w i l l respond to ε and ε . For tuna t e ly , thet βt αt

ea r l i e r ana lys i s has sugges t ed three va l id ins t rument s for (X – Q ) , name ly ,t t

ε , ε , and ε , or the res idua l s for the equa t ions for the Treasury ba l anceU t N t F t

(U ) , Federa l Reserve not es out s t anding (N ) , and ne t f loa t (F ) ,t t t

respec t ive ly . Mu l t ip ly ing these res idua l s by C or (1 – C ) y i e lds a to t a l6 t 6 t

of s ix var i ab l es whi ch can ins t rument for C (X – Q ) and (1 – C ) (X – Q )6 t t t 6 t t t

in (25) . Two–s t age l eas t squares es t i ma t ion of (25) (us ing the other

var i ab l es in (25) as addi t iona l ins t rument s ) produced the fo l low ing es t i ma t es :’

L = 0 .052 + 0 .744 C – 0 .008 (1 – C ) (X – Q )t 6 t 6 t t t(0 . 018) (0 .067) (0 .011)

– 0 .158 C (X – Q ) + 0 .552 (1 – C )L6t t t 6 , t–1 t–1(0 .015) (0 .089)

+ 0 .222 (1 – C )L + 1 .142 C L – 1 .997 C L6 , t–2 t–2 6t t–1 6t t–2(0 .084) (0 .306) (0 .382)

+ 0 .001 C L + 0 .511 C L . (26)6 , t–1 t–1 6 , t–1 t–2(0 .044) (0 .160)

The near–zero coef f i c i en t on (1 – C ) (X – Q ) ind i ca t es tha t a shock to6t t t

the banking sys t em ' s l eve l of f ree reserves (X – Q ) has no ef fec t ont t

d i scount w indow bor row ing unl ess i t occur s on the l as t day of the quar t e r or

the l as t day of a ma in t enance per iod . We in t e rpre t th i s as meaning tha t on a

typi ca l day , when C = 0 , the marg ina l cos t of d i scount w indow bor row ing b6t t
–i s suf f i c i en t ly h igh tha t one a l ways observes L = L , the m in i ma l l eve l oft t

bor row ing , for those days . Reca l l ing the account ing ident i ty (9) , th i s means

tha t any shock to f ree reserves on a day when C = 0 i s en t i re ly absorbed by6t

an increase or decrease in tha t day ' s excess reserves E . By cont ras t , ont

^ ^’The ins t rument s used for es t i ma t ion of (26) were a cons t an t and ε , C ε ,U t 6 t U t
^ ^ ^ ^ε , c ε , ε , C ε , C , (1 – C )L , (1 – C )L , C L ,N t 6 t N t F t 6 t F t 6 t 6 , t–1 t–1 6 , t–2 t–2 6t t–1
C L , C L , C L .6 t t–2 6 , t–1 t–1 6 , t–1 t–2
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se t t l ement days or the end of a quar t e r , when C = 1 , our s t ruc tura l es t i ma t e6 t

i s tha t

α̂2_______ = 0 .158 ,
^ ^β + α2 2

tha t i s , banks bor row an addi t iona l $158 m i l l ion a t the di scount w indow on

these days in response to a $1 bi l l ion nega t ive shock to f ree reserves , and

reduce the i r excess reserves by $842 m i l l ion .

Next , we inves t iga t e the f i r s t–order condi t ion (14) d i rec t ly . Our

approach here i s to s t a r t by t ry ing to rep l i ca t e the mode l of the federa l

funds ra t e used in Ham i l ton (1996) , wh i ch descr ibes ∆i in t e rms of assor t edt

ca l endar fac tor s :

10
∆i = ∑ η ϒ + φϒ ( i – i ) + β H + β Ht j j t 1 t t–1 t–3 1 5t 2 6tj=1

+ β H + β H + v . (27)3 5 , t–1 4 6 , t–1 t

One i mpor t an t d i f fe rence i s tha t whi l e Ham i l ton (1996) inc luded a de t a i l ed

a l lowance for out l i e r s and ARCH fea tures of v , here we s i mply es t i ma t e (27)t

by OLS . In both s tud i es i represen t s the ef fec t ive federa l funds ra t e , wh i cht

i s a volume–we ight ed average of the ra t e a t whi ch a l l the brokered t rades for

day t t ake pl ace . In Ham i l ton (1996) , the sampl e cons i s t ed of 1700

observa t ions be t ween 1984 and 1990 , whereas the cur ren t s tudy uses 756

observa t ions f rom 1992 to 1994 .

Tabl e 8 compares the or ig ina l maxi mum l ike l ihood es t i ma t es repor t ed in

Ham i l ton (1996) w i th OLS es t i ma t es for the new sampl e . The s t andard er ror s

are s ign i f i can t ly b igger w i th a shor t e r sampl e per iod and no cor rec t ion for

out l i e r s . Never the l ess , a l l of the ma in pa t t e rns found in the ear l i e r s tudy

are conf i rmed in the new da t a . The federa l funds ra t e t ends to fa l l on

Fr idays (days 2 and 7) and Tuesdays (days 4 and 9) and r i se on Mondays (days 3
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and 8) . A huge surge in the funds ra t e of t en occur s on se t t l ement Wednesday

(day 10) , w i th about 3 /4 of any move on the l as t t wo days of a ma in t enance

per iod be ing rever sed a t the beginning of a new per iod , as re f l ec t ed in the

coef f i c i en t on ϒ ( i – i ) .1 t t–1 t–3

We then added C E and (1 – C )E as expl ana tory var i ab l es in (27) and6t t 6 t t

es t i ma t ed the resu l t ing equa t ion by t wo–s t age l eas t squares ,

^∆i = xxx ' βββ – 0 .0257 (1 – C )E – 0 .0784 C E , (28)t i t 6 t t 6 t t(0 . 0108) (0 .0170)

where xxx denot es the vec tor of expl ana tory var i ab l es appear ing in (27) . Thei t
^ ^ins t rument s used for es t i ma t ion of (28) were xxx a long w i th ε and C ε fori t j t 6 t j t

j = U , N , and F . We in t e rpre t 0 .0257 as an es t i ma t e of α , or the marg ina l1

benef i t tha t banks perce ive to hold ing excess reserves on a day tha t i s not a

se t t l ement day or the end of a quar t e r , whereas 0 .0784 i s an es t i ma t e of α ,2

the marg ina l benef i t of excess reserves on se t t l ement day or the end of a

quar t e r . No t e both es t i ma t es are of the expec t ed s ign and s t a t i s t i ca l ly

s ign i f i can t .

999... IIInnnttteeerrrppprrreeetttaaa ttt iiiooonnn aaannnddd cccooorrr rrrooobbbooorrraaattt iiiooonnn...

Our s t ruc tura l mode l of banks ' w i l l ingness to bor row a t the di scount

w indow l ed to the fo l low ing conc lus ions . Un l ess i t i s the end of a

ma in t enance per iod or the l as t day of a quar t e r , a typ i ca l bank does not go to

the di scount w indow in response to an exogenous shock to nonbor rowed reserves .

Ins t ead i t goes to the federa l funds marke t , and the banking sys t em as a whol e

makes do w i th reserves cor respondingly be low the average da i ly requi rement .

However , banks are re luc t an t to do th i s , and the equi l ibr ium federa l funds

ra t e i s b id up as a consequence . Equi l ibr ium requi res tha t the funds ra t e

mus t go up by the marg ina l benef i t of excess reserves α t i mes the amount of1

los t reserves , or a 2 .6–bas i s–poin t increase in the federa l funds ra t e for
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every $1 bi l l ion in los t reserves . We therefore conc lude tha t a t emporary $1

bi l l ion open marke t sa l e on such days would ra i se the federa l funds ra t e by

2 . 6 bas i s po in t s . No t e th i s rep l i ca t es the es t ima t e in Ham i l ton (1997) tha t a

$1 bi l l ion open marke t sa l e on these days would produce a 1– to 3–bas i s–poin t

increase in the federa l funds ra t e .

On the other hand , on se t t l ement days or the end of a quar t e r , banks have

a higher perce ived marg ina l benef i t of excess reserves , and w i l l make up some

of the shor t fa l l w i th addi t iona l d i scount w indow bor row ing . The equi l ibr ium

condi t ion (14) s t i l l mus t ho ld , however–– the federa l funds ra t e should r i se

by the marg ina l benef i t of excess reserves α t i mes the amount by whi ch banks2

are forced to reduce the i r reserve hold ings . In response to a $1 bi l l ion open

marke t sa l e on se t t l ement day or the end of a quar t e r , our es t i ma t es sugges t

tha t banks would bor row an addi t iona l $158 m i l l ion a t the di scount w indow so

tha t the i r excess reserves fa l l by $842 m i l l ion . The predi c t ed ef fec t of a

$1 bi l l ion open marke t sa l e on these days i s therefore an increase in the

federa l funds ra t e of (0 .842) (0 .0784) = 0 .0660 or an increase of 6 .6 bas i s

poin t s . Th i s i s subs t an t i a l ly sma l l e r than the es t i ma t e of 22 .7 bas i s poin t s

obt a ined in Ham i l ton (1997) .(

The ana lys i s in Sec t ions 4–7 of the sources of shocks to banks '

nonbor rowed reserves sugges t s a number of na tura l exper i ment s w i th whi ch to

assess these pred i c t ions . For exampl e , d i s turbances to the Treasury ba l ance

are one source of exogenous shock . We saw in equa t ion (5) tha t near ly ha l f of

a typ i ca l d i s turbance to the Treasury ' s ba l ance i s neut ra l i zed w i th an

of f se t t ing open marke t opera t ion , meaning tha t on average a shock to ε w i l lU t

reduce nonbor rowed reserves by $526 m i l l ion . G iven the es t i ma t e α = 0 .0257 ,1

(Ham i l ton (1997) es t i ma t ed tha t a $440 m i l l ion open marke t sa l e on se t t l ement
day would ra i se the federa l funds ra t e by 10 bas i s poin t s , meaning a $1
bi l l ion sa l e would produce a move of 10 ÷ 0 .44 = 22 .7 bas i s poin t s .
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th i s means tha t a $1 bi l l ion shock to ε when C = 0 should resu l t in anU t 6 t

increase in the federa l funds ra t e of (–0 .526) (–0 .0257) = 0 .014 , or an

increase of 1 .4 bas i s poin t s . The same va lue for ε on se t t l ement day or theU t

l as t day of a quar t e r (when C = 1) would be predi c t ed to resu l t in an6t

increase in the federa l funds ra t e of (–0 .526) (–0 .0660) = 0 .035 . S i m i l a r ly ,

accord ing to the es t i ma t e in equa t ion (5) , a $1 bi l l ion shock to the publ i c ' s

cash demand ε typ i ca l ly reduces nonbor rowed reserves by $821 m i l l ion . WhenN t

C = 0 th i s should mean an increase in the federa l funds ra t e of6 t

(–0 .821) (–0 .0257) = 0 .021 , whereas when C = 1 the federa l funds ra t e would6t

be pred i c t ed to r i se by (–0 .821) (–0 .0660) = 0 .054 . F ina l ly , g iven tha t the

Fed seems compl e t e ly unabl e to pred i c t d i s turbances to f loa t , a $1 bi l l ion

shock to ε increases banks ' nonbor rowed reserves by $1 bi l l ion and so shouldFt

reduce the federa l funds ra t e by 0 .0257 when C = 0 and by 0 .0660 when6t

C = 1 . These pred i c t ions are summar i zed in Tabl e 9 .6 t

Thi s exper i ment–– exogenous ly di s turb ε , ε , or ε and see wha tU t N t F t

happens to i –– i s in fac t run every day . Reca l l ing tha t the threet

d i s turbances appear to be uncor re l a t ed , we can read the resu l t s of th i s

exper i ment d i rec t ly of f an OLS regress ion of the change in the federa l funds

ra t e on the exogenous di s turbances . When these var i ab l es are added to the

in t e res t ra t e regress ion (27) , the OLS es t i ma t es are

^ ^ ^∆i = xxx ' γγγ + 0 .0120 (1 – C )ε + 0 .0385 C εt i t 6 t U t 6 t U t(0 .0054) (0 .0103)
^ ^– 0 .0155 (1 – C )ε + 0 .4247 C ε6t N t 6 t N t(0 .0522) (0 .1552)
^ ^– 0 .0168 (1 – C )ε – 0 .1222 C ε . (29)6 t F t 6 t F t(0 .0135) (0 .0359)

The s ix coef f i c i en t s repor t ed in (29) represen t s ix separa t e na tura l

exper i ment s w i th whi ch to assess whe ther there i s a l iqu id i ty ef fec t , tha t i s ,

whe ther t ak ing reserves away f rom banks causes the federa l funds ra t e to go
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up . Pos i t ive va lues of ε and ε dra in reserves whereas a pos i t ive va lueU t N t

for ε adds reserves . No t e tha t a l l bu t one of the coef f i c i en t s have theFt
^pred i c t ed s ign ; the one except ion i s the coef f i c i en t on (1 – C )ε , and th i s6 t N t

i s not s t a t i s t i ca l ly s ign i f i can t . Of the other f ive coef f i c i en t s , four are

s t a t i s t i ca l ly s ign i f i can t ly d i f fe ren t f rom zero–– there are l i t t l e grounds for

d i sput ing tha t dra in ing reserves ra i ses the federa l funds ra t e , par t i cu l a r ly

on se t t l ement day .

Tabl e 9 compares the es t i ma t ed ef fec t s of these exogenous di s turbances

w i th those pred i c t ed on the bas i s of the theore t i ca l ca l cu l a t ions present ed

above equa t ion (29) . By far the mos t prec i se ly es t i ma t ed coef f i c i en t s a re

those on di s turbances to the Treasury ba l ance , and here the cor respondence

be t ween the pred i c t ed magni tude and the OLS es t i ma t e i s qui t e remarkabl e . The

coef f i c i en t s on ε are a l so fa i r ly c lose to the i r pred i c t ed va lues . The oneFt

s ign i f i can t d i f fe rence be t ween the pred i c t ed and ac tua l exper i ment a l ou t come

^i s the coef f i c i en t on C ε , wh i ch i s an order of magni tude bigger than the6t N t

theore t i ca l ca l cu l a t ions would pred i c t . Even though th i s coef f i c i en t i s

es t i ma t ed very i mprec i se ly , i t i s fa i r to say tha t the s i ze of the l iqu id i ty

ef fec t cap tured by th i s coef f i c i en t i s too big to be expl a ined by the

theore t i ca l f ramework present ed in Sec t ion 8 . G iven the subs t an t i a l

cor robora t ion of th i s f ramework f rom the var i e ty of o ther sources repor t ed

here , we are inc l ined to give l ess cred ib i l i ty to the l a rge coef f i c i en t on

^C ε . Poss ib ly we have om i t t ed some of the fac tor s inf luenc ing the demand6t N t

for cash tha t may exer t an independent inf luence on the federa l funds ra t e ,

poss ib ly there i s some de l ibera t e manipul a t ion of cash ba l ances by banks on

se t t l ement day or the end of a quar t e r tha t underm ines the assumed exogene i ty

of th i s magni tude , or poss ib ly there i s a probl em of l i m i t ed da t a and

nonl inear i t i es , i f some big cash demand di s turbances happened to occur on days
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of a very t igh t Fed funds marke t .

Th i s coef f i c i en t not w i ths t anding , i t i s sure ly cor rec t to conc lude tha t

when the Fed dra ins reserves f rom banks , the ef fec t i s to ra i se the federa l

funds ra t e . The mechani sm for th i s e f fec t i s qui t e c l ear . On days other than

se t t l ement Wednesday or the end of a quar t e r , banks s i mp ly ge t by w i th a lower

l eve l of reserves . They are re luc t an t to do so , however , and accord ingly w i l l

b id up the federa l funds ra t e . The funds ra t e r i ses to a poin t such tha t the

new lower l eve l of reserves i s an equi l ibr ium , name ly to a poin t such tha t

banks ' perce ived marg ina l benef i t of hold ing excess reserves i s equa l to the

federa l funds ra t e .

The marg ina l benef i t of excess reserves i s much higher on se t t l ement days

or the end of a quar t e r . I f the Fed dra ins reserves on these days , banks w i l l

rep l ace some of the los t reserves w i th d i scount w indow bor row ing and the

movement in the federa l funds ra t e needed to res tore equi l ibr ium w i l l be

subs t an t i a l ly b igger .

The spec i f i c es t i ma t es deve loped here i mply tha t a $1 bi l l ion open marke t

sa l e would dr ive up the federa l funds ra t e by 6 .6 bas i s poin t s on se t t l ement

day or the end of a quar t e r and by 2 .6 bas i s poin t s on other days .
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Tabl e 1

Ba l ance shee t of the Federa l Reserve Sys t em , March 4 , 1992
(b i l l ions of dol l a r s )

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
AAASSSSSSEEETTTSSS

(S) SSSeeecccuuurrr iii ttt iiieeesss aaannnddd ooottthhheeerrr nnneeettt FFFeeedddeeerrraaalll RRReeessseeerrrvvveee aaasssssseeettt sss 333111999...111555888
U . S . Treasury secur i t i es

b i l l s bought out r igh t [11] 129 .798
not es bought out r igh t [12] 102 .835
bonds bought out r igh t [13] 32 .043
he ld under repurchase agreement s [14] 2 .016

federa l agency obl iga t ions
bought out r igh t [7] 5 .960
he ld under repurchase agreement s [8] 0 .111

asse t s denom ina t ed in other cur renc i es [18] 26 .002
gold cer t i f i ca t e account [1] 11 .058
spec i a l draw ing r igh t s cer t i f i ca t e account [2] 10 .018
coin [3] 0 .623
bank prem i ses [17] 1 .000
a l l o ther Federa l Reserve asse t s [19] 5 .003
other Federa l Reserve l i ab i l i t i es –[28] (2 .224)
capi t a l pa id in –[30] (2 .734)
surp lus –[31] (2 .342)
o ther capi t a l account s –[32] (0 .009)

(L) DDDiii ssscccooouuunnnttt wwwiiinnndddooowww llloooaaannnsss 000...000444444
to depos i tory ins t i tu t ions [4] 0 .044
other [5] 0
accept ances he ld under repurchase agreement s [6] 0

(F) NNNeeettt fff llloooaaattt 000...000888777
i t ems in process of co l l ec t ion [16] 6 .440
defer red cred i t i t ems –[27] (5 .827)
Federa l Reserve depos i t s he ld by fore ign

of f i c i a l account s and other [23] + [24] –[22] (0 .526)

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
LLLIIIAAABBBIIILLLIIITTTIIIEEESSS

(N) FFFeeedddeeerrraaalll RRReeessseeerrrvvveee nnnooottteeesss [21] 222888222...444999888

(D) FFFeeedddeeerrraaalll RRReeessseeerrrvvveee dddeeepppooosss iii ttt sss hhheeelllddd bbbyyy dddeeepppooosss iii tttooorrryyy iiinnnsss ttt iii tttuuuttt iiiooonnnsss [23] 333000...444777888

(U) FFFeeedddeeerrraaalll RRReeessseeerrrvvveee dddeeepppooosss iii ttt sss hhheeelllddd bbbyyy ttthhheee UUU...SSS... TTTrrreeeaaasssuuurrryyy [24] 666...333111333
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Not es to Tabl e 1 .
Number s in bracke t s re fe r to the ser i es number in Tabl e 1 .18 of the

Federa l Reserve Bul l e t in , June 1992 . Ent r i es w i th paren theses are subt rac t ed
to ca l cu l a t e subto t a l i t ems .



–43–

Tabl e 2

Repl i ca t ion of Es t i ma t ion of Treasury Ba l ance Mode l f rom Ham i l ton (1997)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

previous es t i ma t es new es t i ma t es
expl ana tory –––––––––––––––––– –––––––––––––
var i ab l e coef f i c i en t ( s t andard er ror ) coef f i c i en t ( s t andard er ror )
––––––––––– ––––––––––– –––––––––––––– ––––––––––– ––––––––––––––

cons t an t 2 .35 (0 .22) 3 .52 (0 .43)

U 0 .54 (0 .04) 0 .41 (0 .08)t–1

U –0 .05 (0 .03) –0 .05 (0 .04)t–2

U 0 .08 (0 .02) 0 .02 (0 .03)t–3

U –3 .64 (0 .71) –2 .07 (0 .71)1 t

U U 0 .46 (0 .07) 0 .38 (0 .09)1 t t–1

U 8 .92 (1 .31) 3 .10 (1 .78)2 t

U U –0 .99 (0 .08) –0 .50 (0 .10)2 t t–1

U 0 .67 (0 .24) 1 .62 (0 .25)3 t

γ –0 .46 (0 .13) –0 .89 (0 .25)4 t

ξ –0 .36 (0 .09) –0 .39 (0 .17)5 t

I [C =3] –0 .32 (0 .16) –0 .37 (0 .33)1 t

I [C =4] 0 .61 (0 .17) 0 .13 (0 .32)1 t

C 0 .94 (0 .37) 1 .79 (0 .32)2 t
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Tabl e 3

Dummy var i ab l e not a t ion

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Ca l endar ind i ca tor s

γ = 1 i f day t fa l l s in month j ( j = 1 , . . . , 12)j t
ξ = 1 i f day t fa l l s on day j of the week ( j = 1 , . . . , 5)j t
ϒ = 1 i f day t fa l l s on day j of a reserve ma in t enance per iod , ( j =j t

1 , . . , 10)
C = j i f day t i s the j th bus iness day of the cur ren t month1t
C = 1 i f day t i s the l as t bus iness day of the cur ren t month2t
C = 1 i f day t fa l l s in w in t e r (C = γ + γ + γ + γ )3 t 3 t 12 , t 1 t 2 t 3 t
C = j i f day t fa l l s in year j ( j = 92 , 93 , 94)4 t
C = 1 i f day t i s l as t day of ma in t enance per iod (C = ϒ +5t 5 t 10 , t

ϒ I [H + H = 1] )9 t 5 t 6 t
C = 1 i f day t i s l as t day of ma in t enance per iod or the l as t day of a6t

quar t e r

Tax indi ca tor s

U = 1 i f prev ious day exceeded threshold (U = I [U > 8] )1 t 1 t t–1
U = 1 i f t i s f i r s t day of month and previous day exceeded threshold2t

(U = U I [C = 1] )2 t 1 t 1 t
U = 1 for ma jor t ax col l ec t ion per iods ident i f i ed in Ham i l ton (1997) ;3 t

t comes af t e r the f i r s t Monday fo l low ing the 15th and fa l l s in
January , Apr i l , June , or Sept ember

U = 1 for broader def in i t ion of ma jor t ax col l ec t ion per iods ; t comes4 t
a f t e r the f i r s t Monday fo l low ing the 15th and fa l l s in January ,
Apr i l , June , Sept ember , or December

U = 1 for the f i r s t day of a t ax col l ec t ion per iod ident i f i ed by U5t 4 t

Hol iday indi ca tor s

H = 1 i f day t i s 1 , 2 , 3 , 4 , or 5 bus iness days before one of the1t
hol idays out s ide the Chr i s t mas season (Pres ident ' s Day ,
Memor i a l Day , Ju ly 4 , Labor Day , Columbus Day , Ve t e ran ' s Day)

H = j i f H = 1 and i t w i l l be j bus iness days unt i l the hol iday2t 1 t
( j = 1 ,2 , . . . , 5)

H = 1 i f day t i s 1 , 2 , 3 , 4 , or 5 bus iness days af t e r one of the3t
hol idays out s ide the Chr i s t mas season
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H = j i f H = 1 and i t has been j bus iness days s ince the hol iday ( j4 t 3 t
= 1 ,2 , . . . , 5)

H = 1 i f day t comes before any 1–day hol iday5t
H = 1 i f day t comes before any 3–day hol iday6t

Chr i s t mas ind i ca tor s

X = 1 i f day t i s 1 or 2 bus iness days before Chr i s t mas or 1 to 31t
days af t e r

X = 1 i f day t i s 3 to 15 bus iness days before Chr i s t mas2 t
X = j i f X = 1 and i t w i l l be j bus iness days unt i l Chr i s t mas ( j =3 t 2 t

3 ,4 , . . . , 15)
X = 1 i f day t i s 1 to 5 bus iness days before Thanksgiv ing4t
X = j i f X = 1 and i t w i l l be j bus iness days unt i l Thanksgiv ing ( j5 t 4 t

= 1 ,2 , . . . , 5)
X = 1 i f day t i s 4 to 25 bus iness days af t e r Chr i s t mas6 t
X = j i f X = 1 and i t has been j bus iness days s ince Chr i s t mas ( j =7 t 6 t

4 ,5 , . . . , 25)

Ba l ance shee t anoma ly indi ca tor s

F = 1 for t = Sept ember 9 , 19921t
F = 1 for t = March 15 , 19932t
F = 1 for t = Oc tober 4 , 19933t

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Not es to Tabl e 2 .
A l l var i ab l es t ake on the va lue zero except under the condi t ions

indi ca t ed in the t ab l e , and I [ ⋅ ] i s the indi ca tor func t ion ; I [X] = 1 i f
condi t ion X i s t rue and i s zero otherw i se .
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Tabl e 4

Upda t ed Mode l of the Treasury Ba l ance

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

expl ana tory
var i ab l e coef f i c i en t ( s t andard er ror )
––––––––––– ––––––––––– ––––––––––––––

U 0 .37 (0 .07)t–1

U –0 .02 (0 .04)t–2

U –0 .05 (0 .04)t–3

U 0 .08 (0 .03)t–4

U –2 .30 (0 .70)1 t

U U 0 .43 (0 .08)1 t t–1

U 2 .90 (1 .72)2 t

U U –0 .51 (0 .10)2 t t–1

U 1 .02 (0 .23)4 t

U 3 .01 (0 .51)5 t

γ –0 .74 (0 .24)4 t

ξ 3 .54 (0 .44)1 t

ξ 3 .74 (0 .43)2 t

ξ 3 .39 (0 .44)3 t

ξ 3 .02 (0 .44)4 t

ξ 3 .14 (0 .44)5 t

C 1 .89 (0 .31)2 t
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Tabl e 5

Spec i f i ca t ion Tes t s for Mode l s of U , N , and Ft t t

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Mode l of U Mode l of N Mode l of Ft t t
––––––––––––––– ––––––––––––––– –––––––––––––––

om i t t ed var i ab l es d . f . p–va lue d . f . p–va lue d . f . p–va lue
––––––––––––––––– ––––– ––––– ––––– ––––– ––––– –––––

t 1 0 .24 ––– ––– 1 0 .96

γ j=1 , . . . , 12 10 0 .15 10 0 .02* 10 0 .75j t

ξ j=1 , . . . , 5 ––– ––– ––– ––– 3 0 .66j t

ϒ j=1 , . . . , 10 5 0 .51 5 0 .23 8 0 .68j t

2C , C 2 0 .99 ––– ––– 2 0 .911t 1 t

C , C 1 0 .28 2 0 .19 ––– –––2t 3 t

ξ I [C =92] j=1 , . . . , 5 5 0 .68 5 0 .08 5 0 .38j t 4 t

ξ I [C =93] j=1 , . . . , 5 5 0 .36 5 0 .08 5 0 .22j t 4 t

ξ I [C =94] j=1 , . . . , 5 5 0 .28 ––– ––– 5 0 .14j t 4 t

U , U U , U , U U ,1 t 1 t t–1 2t 2 t t–1
U , U , U 1 0 .06 7 0 .40 7 0 .243t 4 t 5 t

H j=1 , . . . , 4 4 0 .70 2 0 .05 2 0 .10j t

H , H , H , H 4 0 .70 2 0 .42 4 0 .585t 5 , t–1 6t 6 , t–1

I [C =92] × {H , H ,4 t 5 t 5 , t–1
H , H } 4 0 .99 4 0 .65 4 0 .696t 6 , t–1

I [C =93] × {H , H ,4 t 5 t 5 , t–1
H , H } 4 0 .67 4 0 .38 4 0 .786t 6 , t–1

I [C =94] × {H , H ,4 t 5 t 5 , t–1
H , H } 4 0 .92 ––– ––– 4 0 .256t 6 , t–1
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Tabl e 5 (cont inued)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Mode l of U Mode l of N Mode l of Ft t t
––––––––––––––– ––––––––––––––– –––––––––––––––

om i t t ed var i ab l es d . f . p–va lue d . f . p–va lue d . f . p–va lue
––––––––––––––––– ––––– ––––– ––––– ––––– ––––– –––––

X j=1 , . . . , 7 7 0 .20 ––– ––– 6 0 .67j t

F , F j=1 ,2 ,3 6 0 .93 6 0 .62 ––– –––j t j , t–1

S j=1 , . . . , 5 5 0 .33 5 0 .95 5 0 .66t– j

L j=1 , . . . , 5 5 0 .81 5 0 .77 5 0 .71t– j

F j=1 , . . . , 5 5 0 .14 5 0 .02* 4 0 .60t– j

N j=1 , . . . , 5 5 0 .14 ––– ––– ––– –––t– j

D j=1 , . . . , 5 5 0 .16 5 0 .70 5 0 .33t– j

U j=1 , . . . , 5 1 0 .85 5 0 .27 5 0 .20t– j

S , L , F , N ,t– j t– j t– j t– j
D , U 21 0 .28 20 0 .35 19 0 .39t– j t– j

U , N , F 2 0 .41 2 0 .53 2 1 .00t t t

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Not es to Tabl e 5 .
"d . f . " s t ands for degrees of f reedom , or the number of res t r i c t ions be ing

t es t ed . The nul l hypothes i s in each case i s tha t none of the var i ab l es in the
l i s t a t the l e f t of the row (w i th the except ion of any of these var i ab l es tha t
may a l ready be inc luded in the par t i cu l a r mode l ) be long in the regress ion
expl a in ing the var i ab l e l abe l ed in each column .

"p–va lue" i s the probabi l i ty of having genera t ed as l a rge an F s t a t i s t i c as
was ca l cu l a t ed i f the indi ca t ed nul l hypothes i s were t rue

"–––" means tha t a l l of the l i s t ed var i ab l es are a l ready inc luded in tha t
mode l .

"*" indi ca t es s t a t i s t i ca l ly s ign i f i can t a t the 5% l eve l .
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Tabl e 6

Mode l of Federa l Reserve Not es

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

expl ana tory
var i ab l e coef f i c i en t ( s t andard er ror )
––––––––––– ––––––––––– ––––––––––––––

t 0 .00251 (0 .00052)

N 1 .21 (0 .04)t–1

N –0 .09 (0 .05)t–2

N –0 .05 (0 .05)t–3

N –0 .03 (0 .05)t–4

N 0 .01 (0 .04)t–5

N –0 .20 (0 .04)t–6

N 0 .05 (0 .04)t–7

N 0 .09 (0 .04)t–8

N –0 .03 (0 .04)t–9

N 0 .03 (0 .02)t–10

γ –0 .15 (0 .06)12 , t

ξ 5 .96 (1 .13)1 t

ξ 6 .06 (1 .13)2 t

ξ 5 .74 (1 .14)3 t

ξ 5 .92 (1 .13)4 t

ξ 5 .34 (1 .14)5 t

ξ I [C =94] 0 .53 (0 .05)1 t 4 t
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Tabl e 6 (cont inued)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

expl ana tory
var i ab l e coef f i c i en t ( s t andard er ror )
––––––––––– ––––––––––– ––––––––––––––

ξ I [C =94] 0 .49 (0 .05)2 t 4 t

ξ I [C =94] 0 .22 (0 .05)3 t 4 t

ξ I [C =94] –0 .59 (0 .05)4 t 4 t

ξ I [C =94] –0 .18 (0 .05)5 t 5 t

C –0 .0507 (0 .0057)1 t

2C 0 .0021 (0 .0002)1 t

H 0 .54 (0 .05)1 t

H –0 .089 (0 .015)2 t

H I [C =94] –0 .55 (0 .20)5 t 4 t

H I [C =94] 0 .27 (0 .19)5 , t–1 4t

H I [C =94] 0 .51 (0 .07)6 t 4 t

H I [C =94] –0 .25 (0 .08)6 , t–1 4t

X 0 .47 (0 .08)1 t

X 0 .90 (0 .10)2 t

X –0 .046 (0 .008)3 t

X 0 .80 (0 .13)4 t

X –0 .11 (0 .04)5 t

X –0 .36 (0 .07)6 t

X 0 .010 (0 .004)7 t
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Tabl e 7

Mode l of Ne t F loa t

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

expl ana tory
var i ab l e coef f i c i en t ( s t andard er ror )
––––––––––– ––––––––––– ––––––––––––––

cons t an t –0 .65 (0 .29)

F 0 .25 (0 .03)t–1

N 0 .25 (0 .07)t–1

N –0 .38 (0 .14)t–2

N 0 .14 (0 .13)t–3

N 0 .12 (0 .10)t–4

N –0 .13 (0 .06)t–5

ξ 0 .46 (0 .09)2 t

C –0 .30 (0 .12)2 t

C 0 .22 (0 .06)3 t

H –0 .84 (0 .21)3 t

H 0 .21 (0 .06)4 t

H 2 .01 (0 .18)6 , t–2

X + X 0 .49 (0 .10)1 t 6 t

F –2 .95 (0 .69)1 t

F 1 .07 (0 .68)1 , t–1

F 10 .11 (0 .68)2 t

F –1 .56 (0 .76)2 , t–1
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Tabl e 7 (cont inued)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

expl ana tory
var i ab l e coef f i c i en t ( s t andard er ror )
––––––––––– ––––––––––– ––––––––––––––

F 10 .33 (0 .68)3 t

F –2 .44 (0 .76)3 , t–1
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Tabl e 8

Repl i ca t ion of Es t i ma t ion of Federa l Funds Ra t e Equa t ion f rom Ham i l ton (1996)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

previous es t i ma t es new es t i ma t es
expl ana tory –––––––––––––––––– –––––––––––––
var i ab l e coef f i c i en t ( s t andard er ror ) coef f i c i en t ( s t andard er ror )
––––––––––– ––––––––––– –––––––––––––– ––––––––––– ––––––––––––––

ϒ 0 .018 (0 .008) –0 .020 (0 .029)1 t

ϒ –0 .040 (0 .002) –0 .119 (0 .028)2 t

ϒ 0 .041 (0 .007) 0 .100 (0 .028)3 t

ϒ –0 .036 (0 .006) –0 .086 (0 .027)4 t

ϒ –0 .036 (0 .006) –0 .031 (0 .026)5 t

ϒ 0 .008 (0 .006) 0 .023 (0 .026)6 t

ϒ –0 .034 (0 .006) –0 .072 (0 .028)7 t

ϒ 0 .057 (0 .008) 0 .157 (0 .029)8 t

ϒ –0 .045 (0 .009) –0 .136 (0 .028)9 t

ϒ 0 .139 (0 .023) 0 .244 (0 .027)10 , t

ϒ ( i – i ) –0 .811 (0 .021) –0 .700 (0 .062)1 t t–1 t–3

H –0 .028 (0 .020) 0 .350 (0 .107)5 t

H 0 .023 (0 .020) –0 .121 (0 .107)5 , t–1

H –0 .031 (0 .011) –0 .155 (0 .053)6 t

H 0 .171 (0 .017) 0 .498 (0 .054)6 , t–1
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Tabl e 9

Theore t i ca l pred i c t ions and OLS es t i ma t es of ef fec t s of exogenous di s turbances
on the federa l funds ra t e
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Treasury Federa l Ne t
ba l ance Reserve f loa t
(U ) not es (N ) (F )t t t
––––––– ––––––– –––––––

Presumed ef fec t on
nonbor rowed reserves –0 .526 –0 .821 1 .000

Ef fec t on i when C = 0t 6 t
pred i c t ed ef fec t 0 .014 0 .021 –0 .026

es t i ma t ed ef fec t 0 .012 –0 .015 –0 .017
( s t andard er ror ) (0 .005) (0 .052) (0 .014)

p–va lue for es t i ma t ed = 0 0 .028* 0 .767 0 .215
p–va lue for es t i ma t ed = predi c t ed 0 .706 0 .485 0 .494

Ef fec t on i when C = 1t 6 t
pred i c t ed ef fec t 0 .035 0 .054 –0 .066

es t i ma t ed ef fec t 0 .039 0 .425 –0 .122
( s t andard er ror ) (0 .010) (0 .155) (0 .036)

p–va lue for es t i ma t ed = 0 0 .000** 0 .006** 0 .001**
p–va lue for es t i ma t ed = predi c t ed 0 .964 0 . 017* 0 .118


