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The end of month rule and liquidity risk:

*
what the money market says( )

Fernando Chau

Sumario: O efeito da regra de reservas contemporaneas no ultimo dia de cada
mes nos mercados.monetérios € estudado neste trabalho, recorrendo-se
a dois conjuntos de informacdo estatistica. O prémio de liquidez,
medido pelo coeficiente de variacdo, & qutan'cial.emﬂcertos periodos

e para ambos 0s conjuntos de informacao.

(*) All data were kindly provided by Mrs. A. Conceicdo. All errors are mine.



"Some evidence on the liquidity

effec—t. of the end of month rule

1. ~ Most of deposgit taicing ' institutions_' are _require.d' by . .'1aw to- hold
reserves against their monetary iiabilittes, i.e. mainiy' sight and time
._d_epdsil:s_, " thi vault cs.s.sh. or depo.sits in the Banco d_é._ Porcugal. From 1979
reserves were jhold_ on-a "ﬁeekl?" basis (1). In _each_week, .lzhe ..daily avé‘rage
of an -ingtiﬁﬁtioh"s eligible liabilities _13 computedd éntl 1:'mﬁ'st h.old, on
'_averag.e, ln... .t-‘he. followih_g week, the requ?red regerves. Thesé.are,.normally,
kn@wiy_arbund' the aiddle of the foilowiné working week or -‘nefote ‘and the
:.'bank_('z) has a day ér two to adjust its reé_erv:-._s w,i.thi-n.thbse required by the

' law.

On top of the _lagged reser\ree; régim_e, 'th.‘a_re {8 a rule ﬁhéreb’y banks'
reserves at the last day of the_.month mugt be _a‘fractiﬁn nf 1its _eiiglble
.liabilitie;ﬂ nf tflat: day. This end of the mnth(” conﬁémpomi-mous reserve
fequirement_ introduces uncertat..ul:y in banks' _reaerﬁe managem{gnc ingofar as

1tabilities are difficult to be predicted on a daily basis.  What ever the

(1) Weeks are defined as periods ending at the 8th, 15th, 22nd and the Last
day of the month. ' L

{2) Henceforth, banks stands for deposit taking instiﬁutions.

(3) This rule was abolished from May 1999.




merits the end of .month rule has, it does involve a cost borne by banks
(ulcimately by borrowers or depositors} in the form of excess reserves. This
additional cost can be calculated using a series of excess reserves.  But
‘banks' deposits in the central bank are also used for clearing as ﬁell as
inﬁerbankltrading in (short-term) funds purposes; thus excess reserves can be
due to, for example, a bhank holding excess deposits 1in expectation of a
shortage of funds 1in other banks which did not materialize. Nevertheless,
~ this work aims at meaéuring.the effect on the lmpact of such contemporancous
rule on iiquidity risk aad not on tﬁe ovarall effact on the cost of capital.

The underlying réason why the Former is of intetest is that, in the absence of
central bank.intervention, an iacrease in liquidicy risk redistributes income
from iiliquid banks to banks with excess liquidicy without an Iimpact on the

“cost of capitai.

2. To enhance reserués on a very short term basis, banks can buy funds
in the {aterbaank money market or to ask for dlscount facility at the central
banﬁ. The latter has supplieﬂ funds, whenever a shorcage-of funds occurs,
hrough the iaterbank money market or a repurchase of treasure bills ‘on a
short term basis. Thus, to the exteat the end of month rule induces a
higher demand for monetary base, interbank money market_data should reflec;

such effect around the last trading day of each month.

Simple statistical test used below do not allow, uafortunately, for a
variable variance of che underlying data generating process of each day though 
a test on the equality of cthe varlance of the last trading day aand its

adjacent days has heen carried out. This work utilizes two sgset of data;
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the first, from January 1985 to the beginning of December of 1989, has a total,
of 60 observations for the maturity and trade weighted money market rate

(overnight up to five days) of the day before last, the last trading day aﬁd

the first trading day of a month.

Ignoring learning problems and less than perfect competition on short
term funds mafkets, and assuming that the liquidity effect occurs throughout
the choosen sample period (i.e. the eéﬁ of month rule is always binding), a
statistically significant difference between the level of tﬁé money market
rate a§ the last trading day anl 1ts adjacent lays is consistent with the

existence of a liquidity effect.

For the whole period a liquidity premium, measufed by the cpefficienc
of variation, obtains. Spliting the data into two subsets, a substantial
preﬁium ~has bheen observed in the second sgubperiod. The coefficlent of
correlation of changes in the interest race {the corrvelation of the difference
between the day beforé last and the last tradiang day, and the difference of
the latter and the fircst trading day) is statiscally significant and ir 1s

negative for the whole period as well as for subsamples of the data set.

One of the many objecttdns on the procedure summarized above 1s that
the end of month rule neéds not he binding all the time. 'Namely,' htgh'
lending rates or Eredic contrel could have rreated excess 1tquidi;y in some
periods. ' Hdreover, if tHe monay market were thin, periods with overall
excess liquidicty should behave much less volatlle than in periods with lack of

funds.
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TABLE 1

Average of the square of variation between the

last trading day of the month and adjacent days

1985 1986 1987 1988 1989
Jan - 4.01 7.04 0.07 0.01
Feb - 31.83 3.23 0.04 0.0l
March - 29.03 4.06 0.11 0.0004
April - 56.7 0.08 0.002 0.07
Hay - 0.26 17.14 0.02 37.25
June - 15.08 21.17 0.02 0:002
July - 72.48 2.43 0.07 0.2
August 3.04 12.0 0.2 0.04 0.004
Sept 194.06  23.22 0.3 0.001 0.01
oct - 5.58 0.28 0.003 0.01
Nov 15.06  20:18 0.14 0.17 0.04

8.97 1.87 0:07 -

Dec 110.95
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A second set of data on individual trades in the money warket at the

last trading day has been constructed. Unlike the first set, the data does

not aggregate all the individuals trades owned at the last trading day of a

month; 1t covers only thé deals that enhancé banks' liquidicy on a very short

‘term basis for meeting the requirements of the end of menth rule. In a month

- ending at 31lst and the last tradiag day being the 30th only the overaight

deals were included in the new data set, or, if no 24 hours trade occured, two

days contracts are recorded, aad etc..

Tﬁe selection criteria used for tﬁe second set 18 the average of the
"square of variation of the shoct term money market rate {of the first data
set) ﬁétween tﬁe last day of a.month and its adjacent days. From August 1985
to Novembef 1989.this'averége registered a ﬁaximmn of 1%4 and a minimum of
0.004. Large values in 1985 and 86 can be due to intecest rates been higher,
to.lgarning or some other sgpecific facrtor. Thus phe.variatiou obserﬁed in
May 1989 were due to large sales of public dabt to banks causing an accute

overall lack of 1liquidity. Excluding the months of very large variation

{uatil August of 1987 bur iancluding April of that year) two groups were formed

as Eoilowa:
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TABLE 2

1 II
April 1987 August 1987
Jan 1988 Sept 1987
Feb 1988 Oct = 1987
April 1988 Nov 1987
May 1988 Dec 1987
June 1988 March 1988
July 1988 Nov 1988
Aug 1988 July 1989
Oct 1988
Dec 1988
Jan 1989
Feb 1989
Marci 1989
‘April 1989
June 1989
Aug 1989
Sept 1989
Oct 1989
Nov 1989

© From the individual cransaction on the last trading day with maturicy
‘at the. last day of the monch or, in its abhsence, at the first or second day of
the next month, we recorded the average, standard deviation and the spread of
the abserved transacpion. Wo attempt at welghting the interest rates by the

value of each deal (see Appendix) were doue.




3. The receat turbulence in the short term nna.;.nnthgt-higﬁlighta the =
inéort' of the reserve 'reqﬁireueni:s _reéime as a channel of transmiésion_ of
ybnet#;y_pql;cy. " The dem@nd.for déposits 1ﬂ:ch¢ central bank (monetary basq
 3n'3én§tai)'d§e;ﬁo the reserve regime can be'use&_to enﬁance oc‘er.moneta:y:,
instruments. ‘Using data from the wmoney markets, this note studléL the effect

of the contemporaneocus reserves clause for the last day of ev'rery' month.

In ‘order to carry out si.mp_le- statistical “tests, a _#iﬁpli'fyiné
' ass:.unption.' he_:ﬁ 'be.en_ adopted throhghoﬁt. It is assumed thact - the ‘data
3ene?a:1.ng_pr9ces§ can be desgcribed by its first two mom_anf.s:f. m:eovef, '1;: zt.s .
# l:ime additive procés_s and i.r..s first moment, posaibiy, has. a (coanstant) time

trend. Thus, as an 111u_s|:rat10t_|, {f the iaterest rate, 11:' is gene:éted_by

. 1': "\N_(ut' U)
Ft = U+ at
with u and © r:mis'l:ancs, ._then ‘the ohserved avérage interest rate, 1, in a

given period, should foilov

n .
BT _
im—tf. ~ N(u+aIt, o)

"FC/TRA



Thg-.'litiuig_lity effect around the end of month will be .neaaured. by .the
coefficien: of -vattﬁtion; This'-coefficieut {8 usgeful go study the
variabiliﬁy of the data corrected by (the shift in thg)'uean; thus, a higher.
nean_in the iast trading day compared to its adjacent trading days, buc with a
commenmate'higher varfance should be interpreted as a cése'of no  increased
.'risk. "~ For the qécond data set, wmonths with ‘binding and nonQbinding
contempota.néous. reserve conétraiat are identified, a statistical test on the
.equa'lity of tﬁe_ va;‘ia;:c‘e' bf the two groups 1s céurrigd outl and, agatin, the

coefficient of variation {s used to identify the liquidity effect.

b, Let x denote the ghort term intevest rate of the day before the last
trading day, y the last trading day rate and z the first trading day rate.
Changes in these rates, t = y - x, and, v = 2 = 3;,' are cdmpul:ed and the

correlation between r and t for the whole period and subperiods is shown i1'

table 3.

TABLE 3

P
1985 - 1989 (n = 60) - .559

1985 - 05/1987 (n = 29) ~ - .691
06/1987 -~ 1989 (n = 31) - .806

The hypothesis that p = 0 can be tested using the fact that (a being

the size of the sample)
rho = q’n-?_ TIT ~ t{n-2)
N ' _ I-r
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Table 4 records the values of rho for the pe:iodé used in tahble 3.

TABLE 4

1985 - 1989 (n = 60) - 5.55
1985 - 05/1987 (= 29) - 4.97
05/1987 - 1989 (n = 31) -~ 7.34

Cléarly the hypothesis of no correlatioe can be rejected, aﬁd the .

case for a uegative correlation {s strbng. Thue, the last tradioag day of a

moath Seeﬂ_s: to éhow a s_yst.ematic, 'positive effect on the level of interest
fates. " Through an F-test, the hypothesis of the variance of x beiﬁg equal.tn

the y cau.bé.rejected except for the period'l985 to May 1987, and that the |
varian%e of the 1as£ ttading day is significantly different from.the vari#nce
6f its ad jaceat trading days onlj for thé .pgriod of May 1987 to_:he.end o£
the data set; The test on the equality of tﬁe mean of x, y and z sh§ws that

one can reject the equality between x and y but not petween y and z fop all

periods considered in this note.

The last vesult, in the light of the negative correlation of “the
changes in the interest rate around the end of the month, shows that there is
a persistence effect of the end of mpnth rule; an iacrease in interest rates,

on average, at the last trading day 1s not followed by a &ecfease fn the

LY
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__ mbnqum: trading day. 8uch panl-um w :hnt thcu h. muihl,,_ oo

": some 1l@1r£ec:ion in tha lnney nnrket. though furthct analyltt il taqgired ta

 “order to 1dunti£y such effect. The follania. Iublca 5 and 6 cun-ariza cha ;} f{V

"rasulua obtained Eor the firuc st of data. ;

:_nf.iso S 1366 : 12.046 .
n =29 (upto 5/87) . 13.748 . 23.429
n =31 (6/87 - 12/87)  12.576 . 0.675 =

n= 60 16,102 19.577
a =29 (up to 5/87) 19.079 . 19.487 N
n=31 (6/37 - 12/37) 13.318 . 3616 . o <o

n ,'go:, R L 16.676
n =29 (ap to 5/87) . 19.125 13.133
n o= 31 (6/87 - 12/87) - . 12.863 = 1.037

- (coefficient qffva;ihtidn)-_

. n=60 anw=29 n=31
x . 0.264  0.351  0.065

| | 0.275  0.231  0.143
3 0.257  0.189  0.079

A




m test on the equulity o! urum is the l‘—mt

2.

: U
. “fael .. X
l"y’x(n_,n) - —{-—— (n).

i g

Og /-1

vith n--'GO. .'y"x". 1. 625 and !'y z---l 174, ‘so tha: :he'hﬂo:‘mtis“uy -0,

s acceptcd bur. not "-'y

,6
x

The test on. I:he equnli:y of che mean . beemu x.

| and ¥ (with diffeuut vari.ance) tl g!.ven by |

t"z' s‘.z
Y- xS
y - x'- (u - U ) Sy e
T & 7 . 3 )
. + ) J ' et
Y ..-';1 . e ).1&. Py '-In_.y)2+ .(' ¥y I&)z
| -‘where ¥ {s the mesn of y, s :-iyz_ . the unblased varfance and ¢ is the

l:-sl:udenc distri.’buci.on.

t-6011

wehave

and hence the hypoehelit tha!: uy. - ux i:&il_‘-;'-ii@-;;:éjeigtg;_'{..: "t;'hé""t_gst:__'of u'y = |

s doae throug’h

[ (ag-Ne'S + (a -Ds e Ly
B Y %y

with W "0 271 c’he" ﬁjrpol:he'ais ¥ 'y =u, is accep:ed. . ®or the 'sub.i)'et!._.ods" the

K

' resulu are recordqd in thc f.oll.awing

FC/TRA




TABLE 7
1985 - 05/1987

B, (29, 29) = 1.202
F. . (29,29) = 1.484
h
h

Y,z
by x " 6.19

yoz - 0008

TABLE 8
05/1987 - 1989

Fy x (31, 31) = 5.357
li‘y’z {(31,31) = 3.487
t = 1.9616

YiX

t 2 = 1.1545%

5. The second data set coasisting of 1individual trades at the last
trading day of a month can prov1de complementary cvidence on the liquidity
effect of the end of month rule. As discussed above, two sets of months had
baen identified using the square of variation in ﬁhe weighted interest rate of

the first data set. In this way the arbitrariness 18 lessened though there

can be other way to classify the daca.

The firgt group (I) with low variaction wvalues has 533 number of
observations and the group {(II) wich high variation has 159.  The latter

group 1is iaterpreted as the case where the end of month rule is bindiag and,
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hence, it should have a higher varianqa._ Both groups include the month of
December which has some sﬁecific charvacteristica: To avold this gffect the
test used below are done with and wichdut the month of December. |
The F-test on-_the equality of the variance’ rejecta_ the
hypothesis of equality (with December)
F(159, 533) = 10.678
and without the month of December

F(135, 504) = 7.045

thuﬁ the variance af_the_group'of months with high variability around the end
of month is subs;hntially larger than the 6ther~gt0up of observations. The

coeffictent of variations for both groups with and without December is:

TABLE 9

(coefficent of variation)

1 ) 11
" with December 0.009511  0.028038
without December 0.008909 - 0.023144

The high variance group has also 1ar3er'variabilicy”around its mean,
and che 1liquidity vigk induced by the end ‘of month rule seems to bhe

substantlal. Comparing with the coefficient of varfacion of the first data




“get in the second.éubperiod, the magnitude of the liquidiuty risk is not much

larger (2.6 = 63:3 agalnst 2.2 and 1.8). As the second data set is

not trade weighted, one expects a bilas for higher volatility.:

6: The identification of the 1liquidity effect of the end of month rule
suggests Ehat. it eavolves a substantial increase 1In volatility in the
short-term money market rates at the las;_ trading day of a wmonth. If
smoothing interest rates were a gulde to monetary policy then the regime of
contemporaneous - reserve sghould not be utilized. The liquidicy effect
uncovered above suggests also that Che central:bank can control the short term
rates.through interventions ia the uoney_markets or manipulating the legal

reserve ratio.

_ A caveat should be gtressed, however. If the firsc set of data were
collected under the bizarre hypothesis that the end of month rule were alway&
'binding, and, moreover, the fact that there is a persisteace affect 1in
Increases of interest rates.were not satisfactory, a glance on table 2 tells
us that, in 1989, the ead of month rule were bindfag only {a .July (May béing
explained 1in the text‘ above). The selection .criteria, then, can be
misleading or perhaps, in fact, the end of month trule were becoming not puch

more Cthan an expengive nuisance.
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Jan .

-Feb
Nar
hpr

- Kay
Jun
dul

Set

et
Nov

Der

Feb-

Mar
hpr
" Kay
" Jun
Jul

hug.
Set -

Bet
Nov
Bec

1985

15
32
32

n -ausber of observations;
sp - spread between the highest and the lowest ratel \

18
3

21.03
25.34

24.02:
22,8 -

23.00

3.157
2.535
3137
0.705
Hlm

0,085 17.5-25.

0.063 22.4-28,

0-07‘ 22.'30-
0,037 20.5-M,
0.211 !B-,‘H-

3.04
194,04
».07
15,06
110,95

V - average of the square of variation between the

last day of the sonth and adjacent days.

gLy

i
3
2
3
32

0

»n
13

21

32
33
3

n ~nusber of observations;
sp - spread between the highest and the lowest rate;

15.64
i9.38

nn -

!9-27

17.45

16.41
17.9%
11,20
15.92
15,73
18.36
15.36

5271

0.227.-

H 3
llm
0.476

3.987
L3N

6. 48%

ﬁam.

0.193
L
1.67%

.

- sl -

0147 10.-19.
0,025 18.4-20.9
"0.15¢ 19.-35.

0.081 15,-24.
0.040 1b.-19.
6.122 10.-19.
0.045 15.-22.
0.227 5.5-15.4

0.045 13.5-17.

0.026 15.5-18.

0.073 15.2-14.3

0,084 10.-15.5

1.01
.83

. 29.03

56.7
0.2
15.08
72.48
12
3n.n
3.68
20.18
R

¥ - average of the square of variation between the
last day of the sonth and adjacent days. .




1587

o -nusber of observations;

12.2
14.93
15,63
14.89

18.89 -

15.84
15.75

13.92
13.32

13.09
13.1¢
13.43

0.835
0.195

0.186

0.053
4.290

6.0%5
0,113
0.106
0.151
0.349
0.723

' sy 5 ¥

0.075 10.-14,  7.04
0.030 13,155 3.23
0.028 14.8-16,1 4.0
0.016 14,-15.3 0,08
0.110 15.-22. 1414
0.066 14.-17.5 2017
0.020 15.3-18.5  2.43
0.024 13.5-14.5 0.2
0.024 13,-14.1 0.3
0.030 12,514, 0.28
0.046 12.2-13.9  O.14
0,062 12.6-15, 1.8

sp - spread between the highest and the Jowest rate;
Y - average of the square of variatioa between the
last day of the sonth and adjacent days.

Jan i3
Feb 45
Nar b}
fpr 42
Hay i
Jun s
Jul ¥y
Aug "
Set 18
Oct 25
Moy 20
Dec 24
1488
n
Jan 18
Feb 18
Mar 13
fpr 23
Nay 22
Jun 2
Jul i
Aug 12
Set . 2
Bet 27
Nov W
Dec ¥y

n -nusber of observatians;

12.1%
12.12
12.47
12.18
12.13
12.27
12.32
12.17
1.9
1.3
1.8
12.44

0.134
0.015
0.028
0.011
0.005
0.012
0.004
0.017
0.003
0.005
0.005
0.048

sl 5§ Vv

0.030 11.3-12.3  0.07

0-010 i‘l"lle 000‘

0.013 12.1-12.8  0.11
0.009 12.-12.5  0.002
0.006 12.-12,2 0.02
0.009 12.12.5  ¢.02
0,005 12.:-12.5 ~ 0,07
0.011 11.8-12.3  0.04
8,008 12.3-12.4  0.00t
0.006 12.1-12.5  0.003
0.006 12.-12.4 0.17
0.021 12.- 13.4 0.07

sp - spread between the higheét and th lowest rate;
Y - average of the square of variation betwesn the
last day of the sonth and adjacent days.



dan
Feb
Har
Apr
May
Jun
Jul
Rug
Set
oct
Nav

1989

27
n
A
3
C 8
32
14
Y1)
3
%
i
98

n -nusber of observations;

12.19

2.2

12,39
12.51
lqi zo
12,40
12,85
12. la
12.49
12.40
12,62
19,80

9.004
0.010
€. 003
0.022
3.382
0. 014
0.040
0.005
0.00%
¢.008
0.007
1.877

s/u sp

0.003 12.1-12.3
0.008 12,§-12.5
0.005 12.3-~12.4
0.012 12,3-12.8
0.096 13.3-21.3
0.909 12.-12.8

0.019 12.4-13.3
0.006 12,-12.3

0.008 12.3-12.8
0.007 12,3-12.5
0.007 12.4-12.8
0.06% 14.-22.

9.01
9.01
0.004
$.07
31.25
0.002
0.2
0.004
0.01
0.01
0.04

5p - spread between the highest and the lowest rate;
¥ - average of the squire of variation between the
last day of the sonth and adjacent days.





