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THE BEHAVIOR 0F TREASURY SECURITIES; MONTHLY' 7942-7984

f / .  M ichae l  Cox*

The  mon th l y  marke t  va ' l  ue  s ta t i s t ' i c s  on  ou ts tand ing  Un i ted  S ta tes  T reasu ry
deb t  a re  repo r ted  fo r  t he  198 i -1984  pe r iod .  I n  add i t i on ,  a  mon th l y  se r ies
on pr ivately held gross federal  debt is reported for the extended 7942-1984
per iod ,  t oge the r  w i th  mon th l y  secu r i t y -p r i ce  i nd i ces  fo r  va r i ous  fede ra l
deb t  agg rega tes .  Examina t i on  o f  t he  s tochas t l c  s t ruc tu re  o f  T -B i1 i  p r i ces
ind i ca tes  t ha t  t he  r i s k i ness  o f  T -B i l l s  has  i nc reased  d rama t i ca l l y  i n
recen t  yea  r s  .

1 .  I n t roduc t i on

Dur ing  the  rough ly  200  yea rs  f rom the  f i r s t  f ede ra l  budge t  i n  March '

1789  un t l l  December ,  1980  the  marke t  va lue  o f  T reasu ry  deb t  i n  t he  Un j ted

S ta tes  g rew to  $557  b j l l i on .  Over  the  pas t  f ou r  yea rs ,  T reasu ry  deb t  has

g rown  by  more  than  tha t  amoun t .  The  va r iab i l i t y  o f  secu r i t y  p r i ces  i n

recen t  yea rs  has  a l so  fa r  exceeded  tha t  o f  any  comparab le  pe r iod '  Fo r

examp le ,  t he  mon th - to -mon th  s tandard  dev ia t i on  o f  T -B i l l  p r i ces  has  g rown

f rom an  ave rage  o f  129  pe r  $100  o f  f ace  va lue  du r ing  the  1942-1980  pe r iod

to  nea r l y  32 (  du r ing  the  1981-1984  pe r iod .  I n  sho r t ,  t he  ex tens i ve  g rowth

in  ou ts tand jng  gove rnmen t  deb t  and  the  i nc reased  va r iab i l i t y  o f  i n te res t

ra tes  ove r  t he  pas t  f ou r  yea rs  have  p rov ided  a  w ide  va r ie t y  o f  expe f l i ence

fo r  t es t i  ng  i  ssues  i  nvo l  v i  ng  pub ' l  i  c  deb t .

I n  ea r l i e r  work ,  Sea te r  (1981)  ca l cu la ted  annua l  measures  o f  t he  marke t

va lue  o f  ou ts tand ing  gove rnmen t  deb t  ove r  t he  t ime  pe r iod  1919-1975 .  Cox

and  H i r schhorn  (1983)  l a te r  p rov ided  mon th l y  se r ies  on  gove rnmen t  deb t  ove r

"The  au tho r  i s  a  Sen io r  Economis t  a t  t he  Federa l  Rese rve  Bank  o f  Da l ' l as .
Th i s  i s  a  work ing  paper  and  shou ld  no t  be  quo ted  o r  rep roduced  ' i n  who le  o r
i n  pa r t  w i thou t  t he  wr i t t en  consen t  o f  t he  au tho r .  The  v iews  exp ressed  i n
th i s  a r t i c l e  a re  so le l y  

"hose  
o f  t he  au tho r ,  and  shou ld  no t  be  a t t r i bu ted

e i the r  t o  the  Federa l  Rese rve  Bank  o f  Da l l as  o r  t o  t he  Federa l  Rese rve
Sys tem.  I  wou ld  l i ke  to  thank  Tom Fomby  fo r  he lp fu l  d i scuss ions  and  He len
Anderson  a t  t he  Depar tmen t  o f  T reasu ry  fo r  gu idance  th rough  unpub l i shed



t he  pe r iod  1942-1980 .  The  pu rpose  o f  t h i s  paper  i s  t o  repo r t  t he  mon th l y

marke t  va lue  s ta t i s t i cs  fo r  t he  pe r iod  1981-1984  and  to  p rov ide  seve ra l  new

ser ies  wh ich  a re  o f  w idesp read  i n te res t . l

Spec i f i ca l 1y ,  t h i s  pape r  p rov ides  mon th l y  ca l cu la t i ons  o f  t he  marke t

va lue  o f  p r i va te l y  he ld  g ross  fede ra l  deb t  ove r  t he  pe r iod  1942-1984 .  Th i s

aggrega te  mos t  c lose l y  measures  the  to ta l  i ndeb tedness  o f  t he  gove rnmen t  t 0

the  p r i va te  sec to r  and  i s  t he  app rop r ia te  se f l i es  fo r  a  va r ie t y  o f  emp i r i ca l

t es t s ,  bu t  has  no t  been  p rev ious l y  ava i l ab le .  The  paper  a l so  repo r t s

mon th l y  secu r i t y -pn i ce  i nd i ces  fo r  gove rnmen t  deb t  ove r  t he  1942-1984

per iod  - -  i nc l ' ud ing  d i sagg rega ted  i nd i ces  fo r  deb t  o f  sho r t - t e rm,

in te rmed ia te - te rm,  and  l ong - te rm matu r i t y .  These  p r i ce  se r ies  a re  va luab le

fo r  s tud ies  rega rd ing  te rm s t ruc tu re ,  cap i ta i  ga ins  and  l osses  on

gove rnmen t  deb t ,  and  po r t f o l i o  r i sk ,  as  we l l  as  a  number  o f  o theL i  ssues .

F ina l l y ,  t he  s tochas t i c  s t r uc tu re  o f  T -B i l 1  p r i ces  i s  i nves t i ga ted  and  a

compan i  son  i s  made  o f  f o recas t i ng  ab i l i t y  du r ing  the  1981-1984  pe r jod  to

tha t  du r ing  the  1942-1980  pe r iod .

? .  Ca  i cu l  a t i  on  o f  t he  Se r i  es

Marke tab le  T reasu ry  Deb t  and  Gross  Federa l  Deb t

The  marke t  va lues  o f  T reasu ry  B i l l s ,  T reasu ry  No tes ,  T reasu ry  Bonds ,

to ta l  marke tab le  T reasu ry  deb t ,  and  g ross  fede ra l  deb t  ove r  f he  1981-1984

lAmong  lhe  s tud ies  us ing  the  marke t - to -pa r  (p r i ce )  i nd i ces  a re  E i sne r  and
P iepe r  ( 1984 ) ,  V ina l s  and  Cudd ing ton  (1985 ) ,  Evans  (1985 ) ,  and  Eng le - .
(1985) . '  Among  those  us ing  the  m i rke t  va lue  da ta  a re  Bu tk iew icz  (1983) '
Ea r th ,  I den ,  i nd  Russek  (  1984) ,  H i  r schhorn  (  1984)  ,  Hami  I  t on  and  F l  av i  n
(  1985)  ,  and  Lucke  (1985)
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per iod  a re  repo r ted  i n  t ab les  1 -5 .4  A l  I  da ta  a re  mon th l y .  Fo r  each

se r ies ,  t he  me thod  o f  ca l cu ' l a t i on  used  fo l  l ows  tha t  repo r ted  i n  Cox  and

Ht  r schnorn  (  rYdJ  J  .

A l l  da ta  p r i o r  t o  November ,  1982  a re  taken  f rom the  T reasu ry  Bu l l e t i n -

Wj th  the  re lease  o f  t he  November .  1982  i ssue ,  however ,  t he  T reasu ry

s l r i t ched  f rom mon th l y  t o  qua r te r l y  pub l i ca t i on  o f  t he  Bu l l e t i n .  A f te r  t ha t

t ime ,  a l l  da ta  on  the  ou ts tand ing  quan t i t y  o f  each  i ssue  a re  taken  fnom the

t4on th l y  S ta temen t  o f  t he  Pub l i c  Deb t  o f  t he  Un l ted  S ta tes ,  and  a l l  d i scoun t

o r  p r i ce  da ta  a re  taken  f rom the  f i a l I  S t ree t  Jou rna l  .  Th i s  change  in  no

way  a f f ec t s  t he  ca l cu la ted  va lues  o f  t he  se r i es .3

P r i va te  Ho ld i ngs  o f  Deb t

By  de f i n i t i on ,  g ross  fede ra l  deb t  i s  made  up  o f  marke tab le  T reasuny

deb t  p lus  nonmarke tab le  deb t .  Marke tab le  T reasu ry  deb t  cons i s t s  o f

T reasu ry  B i l l s ,  T reasu ry  No tes ,  T reasu ry  Bonds ,  and ,  p r i o r  t o  1967 ,

T reasu ry  Cer t i f i ca tes  o f  I ndeb tedness .  Examp les  o f  non -marke tab le  deb t  a re

Sav ings  Bonds  and  gove rnmen t  accoun t  se r j es .  Gross  fede ra l  deb t  can  a l so

tDa ta  on  the  pa r  va lue  o f  t o la l  marke tab le  T reasu ry  deb t  may  be
ca lcu la ted  as  desc r ibed  i n  sec t i on  2 .  0a ta  on  l he  pa r  va lue  o f  T reasu ry
B i l l s ,  No tes ,  Bonds ,  and  Ce r t i f i ca tes  o f  I ndeb tedness ,  as  we i l  as  secu r i t y
p r i ce  j nd i ces  fo r  each  o f  t hese  deb t  agg rega tes  a re  ava i l ab le  f rom the
au tho r  uoon  reo  ue  s t .

'B id  p r i ce  o r  d i scoun t  da ta  f rom the  | , l a l l  S t ree t  Jou rna l  were  ma tched  on
a one-to-one basis with quant i ty out sta ndin!-?EI i -Ti iE-TfE Monthlv
i t i t"r"nt oi t i ' .  proij. r j"Ut of=!!,g Ulit.a it.t,Ft accordins-TlElFstated
matu r i t t - aa te  ;nd  se r ies  t ype  (B i1 l ,  No te ,  Bond) .  I n  o rde r  t o  i nsu re  tha t
the  repo r ted  se r ies  were  exac t l y  t he  same,  the  quan t i t y  ou ts tand ing  and  b id
p r i ce  se r ies  repo r ted  i n  t he  Bu l l e t i n  were  c lose l y  examined  and  compared  to
thei  r  counterparts reported i - -n tne q91t [ ]y- .9tg411 and i  n the Journal  .

-3 -



l a b t e  r

H r r k e t  v . r u e  o f  t r e a s q . y  b i t  l s  ( s i  | |  i o n i  o f  d o r  r ! . s )

feb .  N. rc i  A t r i  I

6 l
82
6 3

211?A4 219t 77 233076
2\0929 244232 217002
3003t9 30?1aE 3?3r08
3374i6 33966q 339726

227002 236331
2a645a 304090
3a6A!4 33/10.16
3rr2a9 3551t!6

216243 21t184 ?rOr25 20At6A ?10217 203941 220106
24)4?4 2\7199 236706 253>J9 266013 21046\ 21691'
3 r 7 1 0 3  3 1 6 7 8 3  3 2 1 2 2 5  1 ? A O 1 ?  3 j r r 7 6  3 3 1 ? 5 9  l l t l r T E
336971 333439 332fO2 335649 3qa86q 3rr5a9a J49660

r . O  r e  ?

f l a r k € !  v 6 l u €  o f  l r o . s u r y  n o t . 3  ( f i i  r r  i o n s  o f  d o l  l € 1 3 )

F€b.  t la  rch  Ap. i  I

3 t 1 1 A r  3 a 0 7 a 6  3 5 6 5 5 O  3 t 9 3 3 9
tr tzzt ,  urT6?9 47309r !67295
561342 '71706 5A\214 577 |  16
615165 69J332 73A9r2 12O5OA

3249r!  3?rr789
4n1rr5 429661
>29962 545064
5q47oo 6trrqaq

at 30r521 3014t4 317165 31] i r ig t15020 3?rr079
a2 !56972 3rt637t  3?03rr2 38?r 36 3884O0 3A9542
03 rr9209? tot6t l  t12a64 517q76 5to0rr0 53919rr
a\ 6or5t2 609526 600241 62r?31 6126tt9 60l}932

T a b  t e  l

t l a . k e t  v a r u e  o f  t . e . s u r y  o o n d r  ( n i l  r  i o n s  o a  d o l  l a . s )

Jan,  t€b ,  Ha.ch

60685 6436q 69689
7AO90 1at26 79242

r00624 r00237 r06856
126124 1277lj4 12\969

8 1
82
a3
a{

6763n t2 t t9  71 \66  1163\  6 /709 6613a
40773 60?19 78r  1 l  8 { r€57 A6Ot7  91219

r r l 0 3 2  1 r r ? 6 0  1 r 0 3 5 - t  1 0 4 2 7 r  1 | 7 5 ?  r r 5 8 l 2
1 2 5 ] 8 r  1 ? 2 7 3 9  r 2 2 6 4 t  1 3 ! 0 a 9  r 3 8 r ? A  r 4 r 9 ? 9

7 0 0 r 0  8 1 9 9 4  7 4 0 4 6
936116 993nt 10r 173

I  r 6 7 9 6  r ? 3 7 1 6  i ? t  r q A
1528\4 1r94r' 15973f

t a b l e  q

t € . k e r  v . r u e  o f  ! o t 6 r  n a . k e t . b r e  i . e . s u r y  d e b r  ( r  t i o n s  o f  d o t l a . s )

Jan.  teb .  l l .  rch  Ap. i  I M.Y Jude Ju  ly Aug. seFt,  oct .  nov.

8 t

8 3
a4

5E1q90 56931t 5203J0 t98rr62 602723 6Or6tO 604r l6 60?7l t  503260 63r lO2 57131t6 613711
6?599r 689r3q 69q5a6 7r3337 7153r9 7orr36t  137992 78177-t  616119 63321t AtAErl  A925?6
49306t 92i083 942a2A 9t !82r2 99Ata4 97117?t 9662t!5 947991 1O12973 1019980 r03q?78 1032300

1069096 r075979 10611936 r0A35a9 1n6AA27 106\219 t t15lr36 !141925 11435112 l t9580t t2t369r]2\5386

r r b r € ,
1 1 . . k e t  v . l u €  o f  g . o s s  f e d 6 . ! r  d 6 t r t  l D i t t i o n s  o l  d o t t a . s l

Jan .  Feb,  Harch  Ap. i  I  l . l . y Aug.  Sept .  oc t .  (ov .  Dec .

8 r
s2
al

a6t!23U 471299 A96427 476499 649195 A9?9'9 nnn559 Af7046
9 6 6 1 5 O  9 l 9 t ! t 9  9 9 r 3 € 0  1 0 0 5 ? a t  1 0 r 5 8 7 r r  r 0 0 a l r 0  r 0 3 8 7 a 2  t 0 a 2 0 1 o

1206976 1213?84 12rt235 r26499t t29t7r9 l l14froz LtO{ j699 t t135t6
1420407 14269n6 r4r9974 r43350O i r r rSq?7 r !2A62q r t79713 1501r251

492(J7lJ 92\t\92
1 r  3 o a o 5  1 1 5 4 6 5 3
r  ! 6 2 t 6 7  1 t 6 5 3 a l
r526312 r59570i I

9 6 6 5 9 3  9 6 r q 6 9
1 1 7 n 4 t 3  r 2 r ? r 0 1
r  1 7 6 0 3 0  1 1 8 5 6 5 5
r6699q9 1660J rO

-4-



be  d i saggrega ted  acco rd ing  to  v /he the r  i t  i s  p r i va te l y  o r  PUb l i c ' l y  he td .4

Char t  I  i nd i ca tes  the  makeup  o f  g ross  fede ra i  deb t ,  and  ou t l i nes  the

cons t ruc t i on  o f  va r i ous  fede ra l  deb t  se r i es .

CHART 1
GROSS FEDERAL OEBT

Non-
Marke tab lMa r ketabl  e Mar

' 11 A'12

A-21

Pr i va te ' l y
He l  d

Pub i  i  c  l y
He ld

The  marke t  va lue  o f  g ross  fede ra l  deb t  repo r ted  i n  t ab le  5  co r responds

to  the  sum o f  a l i  o f  t he  d i j  componen ts  i n  t he  cha r t .  I n  con t ras t ,  da ta  on

to ta l  marke tab le  T reasu ry  deb t  repo r ted  i n  t ab le  4  co r respond  to  the  sum o f

d '  and  d r r .  Cox  and  H j r schhorn  ca l cu la ted  the  p r i va te l v  he ld  deb t  se r i es

d r ,  - -  t haL  i s ,  p r i va te l y  he ld  marke tab le  T reasu ry  deb t  - -  us ing  the

mon th l y  su rvey  o f  ownersh ip  o f  f ede ra l  secu r i t i es  pub l i shed  i n  the

Bu l  l e t i n .  As  a  pa r t  o f  t he  T reasu ry ' s  e f fo r t  t o  con ta in  pub l j ca t i on

p roduc t i on  cos ts ,  however ,  t ha t  su rvey  was  ceased .  A  con t ras t i ng  and

po ten t ' i a l  l y  more  va luab le  p r i va te  se r ies  can  neve r the less  be  cons t ruc ted

us ing  da ta  tha t  con l i nue  to  be  co l  l ec ted  by  the  T reasu ry .  Tha l  se r i es  i s

the  marke t  va lue  o f  p r i va te  ho ld ings  o f  g ross  fede ra l  deb t  repo r ted  i n

tab l  e  6 .

*By  de f i n i t i on ,  pub l i c l y  he ld  deb t  i nc l udes  marke tab le  and  nonmarke tab le
fede ra l  secu r i t i es  he ld  by  U .S .  gove rnmen t  accoun ts  and  Federa l  Rese rve
Banks  bu t  exc luc ies  deb t  he ld  by  o the r  gove rnmen t  bod ies  ( fo re ign ,  s ta te ,
and  I  oca l  gove rnmen ts ) .
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The  marke t  va iue  o f  p r i va te  ho ld ings  o f  g ross  fede ra ' l  deb t  co r responds

to  the  sum o f  d  and  d r r ,  and  thus  i nc ludes  p r i va te  ho ld ings  o f

nonmarke tab le  gove rnmen t  deb t .  Th i s  se r ies  i s  app rop r ia te  fo r  a  va r ie t y  o f

s tud jes  s ince  i t  mos t  c lose l y  measures  to ta l  i ndeb tedness  o f  t he  gove rnmen t

to  the  p r i  va te  sec to r .

The  se r ies  was  ca l cu la ted  i n  t he  fo l  i ow ing  way :

(1 )  F i r s t ,  da ta  on  the  pa r  va lue  o f  p r j va te  ho ld ings  o f  g ross  fede ra l  deb t

were  ob ta ined  f rom the  T reasu ry  Bu l l e t i n .  Th i s  da ta  i s  ava i l ab le

beg inn ing  i n  1967  f r om tab le  0FS-2  o f  t he  Bu l l e t i n .  P r j o r  t o  7957 ,  a

cons i s ten t  se r i es  was  t racked  backward  f rom va r ious  o the r  t ab les  o f

tha t  pub l i ca t i on .  Da ta  were  con f i rmed  and  de ta i l s  o f  t he i r

cons t ruc t i on  d i scussed  w i th  the  T " "as r "y .5  The  pa r  va lue  se r ies  used

' i  s  essen t i a l l y  p r i va te  ho ld i ngs .o f  j n t e res t -bea r i ng  pub l i c  deb t

secu r j t i es  p lus  ma tu red  deb t  and  deb t  bea r ing  no  i n te res t ' 6  As  such ,

i t  exc ludes  i  n te res t -bea r i  nq  oub i i c  deb t  secu r i t i es  he ld  by  U 'S .

gove rnmenr  accounLs  ana  feae" " t  Rese rve  Banks ,  as  we l l  as  agency

secun i t i es .  The  p r imary  componen t  o f  t he  se r ies  i s  marke tab le  deb t ,

wh ich  now t yp i ca l l y  ave rages  be tween  85  and  90  pe rcen t  o f  p r i va te l y

h a  l d  o r o s s  f e d e r a  I  d e b t . 7

5T"b l .  OFS-2  o f  t he  Bu l l e t i n ,  "Es t ima ted  O , / rne rsh ip  o f  Pub l i c  Deb t
Secur i t i es  By  P r i va te  TnvE l l 6 i s , "  repo r t s  t o ta l  p r i va te l y  he ld  deb t  t o  the
neares t  S100  m i  l  l  i on .  W i  t h  the  coopera t i  on  and  ass ' i  s tance  o f  t he  T reasu ry ,
however ,  more  p rec i se  measures  were  ob ta ined  ( to  the  nea res t  m i ' 1  l i on ) .

6Matu red  deb t  and  deb t  bea r ing  no  i n te res t  i s  t rea ted  en t i re l y  as
p r j va te l y  he ld  i n  t he  Bu l l e t i n .  I n  conve rsa t i ons  w i t h  t he  T reasu ry  i t  was
iea rned  l ha t ,  j n  f ac t , - i - l f r IT I  po r t i on  o f  t h i s  deb t  ( i n  pa r t i cu la r ,  ma tu red
deb t  he ld  by  Federa l  Rese rve  Banks )  i s  somet imes  pub l i c l y  he ld  bu t  on l y
b r ie f l y .  I n  any  case ,  t h i s  t ype  o f  deb t  t yp i ca l l y  rep resen ts  i ess  than
0 .002  pe rcen t  o f  ou ts tand ing  p r i va te l y  he ld  g ross  fede ra l  deb t  hence  the
conven t i  on  may  be  i gno red ,

7' l n  t he  (1951)  pas t  nonmarke tab ie  deb t  has  made  up  as  much  as  41  pe rcen t
o f  t he  to ta  I



(2 )  A  secu r i t y -p r l ce  i ndex  fo r  marke tab le  T reasu ry  deb t  was  ca l cu la ted

acco rd ing  to  the  p rocedure  ou t l i ned  be low .

(3 )  Fo r  each  mon th ,  t he  pa r  va lue  o f  p r i va te i y -he ld  g ross  fede ra l  deb t  was

then  mu i t j p l  j ed  by  the  ca l cu la ted  secu r i t y -p r i ce  i ndex  i n  o rde r  t o

ob ta jn  the  marke t  va iue  se r ies .  Th i s  ca l cu la t i on  emp loys  an

assumpt ion  tha t  a  un ' i t  o f  nonmarke tab le  gove rnmen t  deb t  i s  va lued  the

same as  a  un i !  o t  marke tab le  deb t .8

Pr i ce  Ind i ces  fo r  Governmen t  Deb t

The  marke t  va lue  o f  ou ts tand ing  gove rnmen t  deb t  j s  ca l cu la ted ,  i n

p rac t i ce ,  as  a  vec to r  mu l t i p le  o f  pa r  va lue  da ta  and  b id  p r i ce  da ta  ove r

a l I  i s sues  o f  a l l  secu r i t i e s  ou t s tand ing .  i n  p r i nc i pa ' 1  ,  ma rke t  va lue  cou ld

be  s imp ly  ca l cu la ted  as  a  mu l t i p le  o f  one  pa r  va lue  agg rega te  and  one  p r i ce

aggrega te .  A l though  da ta  on  pa r  va lue  agg rega tes  have  been  t rad i t i ona l l y

ava i l ab le ,  p r i ce  agg rega tes  have  no t .  P rev ious  s tud jes  re l j ed  on  va r i ous

approx ima t ion  techn iques  to  es t ima te  the  ove ra l I  p r i ce  componen t .9  oue  to

the  work  o f  Sea te r  (1981)  and  Cox  and  H i r schhorn  (1983) ,  however ,  agg rega te

secu r i t y -p r i ce  i nd i ces  may  now be  d i rec t l y  ca l cu la ted .  These  p r i ce  i nd j ces

a re  use fu l  i n  t es t i ng  a  va r i e t y  o f  i s sues  i nvo l v i ng  pub l i c  deb t .

Tab les  7 -12  repo r t  p r i ce  i nd i ces  fo r  va r i ous  marke lab le  deb t

1n
agg rega tes . ' "  I n  each  case ,  t he  respec t i ve  p r i ce  i ndex  i s  ca l cu la ted  as ;

oE" "o "s  i n t roduced  by  th i s  assumpt ion  a re  1 i ke1y  to  be  sma l l  s i nce
marke tab le  deb t  i s  t he  j nc reas ing  bu l k  o f  p r i va te l y  he ld  gove rnmen t  deb t .

' 5ee ,  f o r  examp le ,  Tanne r  ( 1979 )  and ,  mo re  recen t l y ,  Bu t k i ew i cz  (1983 ) .
1n
"Na tu ra l l y ,  on l y  ma rke tab le -deb t  p r i ce  i nd i ces  a re  ava i l ab le  s i nce ,  by

de f i n i t i on ,  t he re  i s  no  seconda ry  marke t  f o r  nonmarke tab le  secu r i t j e s '
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s ' imp le  ra t i o  ( i ndexed  to  100 )  o f  marke t  va lue  to  pa r  va lue  fo r  t ha t

agg rega te .  Th i s  me thod  o f  cons t ruc t i on  y ie lds  the  app rop r ja te  s ing le  p r i ce

s ince  j t  i s  essen t i a l l y  a  sha re -we igh ted  ave rage  o f  t he  p r i ce  o f  each  i ssue

o f  each  secu r i t y  ou ts tand i  ng  .  11

Tab le  7  repo r t s  mon th l y  p r i ce  i nd i ces  fo r  t o ta l  marke tab le  gove rnmen t

deb t  ove r  t he  pe r iod  1942-1984 .  Th i s  i ndex  may  be  used  fo r  de te rm in ing  the

par  va lue  assoc ia ted  w i th  the  marke t  va lue  agg rega te  repo r ted  i n  l ab le  4 '

I t  i s  a l so  the  p r i ce  i ndex  used  to  conve r t  t he  pa r  va lue  da ta  on  g ross

fede ra l  deb t  and  p r i va te l y  he ' l d  g ross  fede ra l  deb t  i n to  the  marke t  va lue

aggrega tes  repo r ted  i n  t ab les  5  and  6 .

Tab les  8 - i 1  repo r t  p r i ce  i nd i ces  fo r  marke tab le  gove rnmen t  deb t  o f

va r i ous  t e rms  t o  ma tu r i t y :  l ess  t han  1yea r ,  1 -5  yea rs ,  5 -10  yea rs ,  and
' l a

over  10  yea rs . "  The  se r ies  were  cons t ruc ted  as  fo l l ows :

(1 )  Fo r  each  mon th ,  da ta  on  the  b id  p r i ce ,  quan t i t y  ou ts tand ing ,  and

matu r i t y  da te  o f  each  i ssue  o f  each  t ype  o f  secu r i t y  were  ob ta jned .

(2 )  A  yea r  was  de f i ned  as  3651  days  ( to  a l l ow  fo r  l eap  yea r ) ,

day  s - to -ma tu  r i  t y  were  ca l cu la ted  fo r  each  i ssue  ou ts tand ing ,  and

issues  were  separa ted  acco rd ing  to  the  above  ma tu r i t y  ca tego r ies .13

t ' Tha t  i s ,  t he  we igh l s  a re  equa l  t o  t he  sha re  o f  t ha t  i s sue . i n  t o ta l
ou t s tand i  ng  pa r  va1ue .

1 2
" spec i f  i ca l l y ,  t he  ma tu r i t i e s  a re :  0 -365  days  (1  yea r ) ,  366 -1826  days

(1 -5  yea rs )  ,  7827 -365?  days  (5 -10  yea rs ) ,  and  ove r  3652  davs  (10+  vea rs ) '
P r i ce  i nd i ces  o f  v i r t ua l l y  any  te rm to  ma tu r i t y  a re  ava i l ab le  f rom the
au tho r  uoon  reoues t .

' "Un l i ke  T reasu ry  B i l I s  and  T reasu ry  No tes ,  mos t  T reasu ry  Bonds  may  be
re t j red  be fo re  the i r  ma tu r i t y  da te ,  e i t he r  a t  op t i on  o f  t he  T reasu ry  on  o r
a f te r  a  spec i f i ed  redeemab le  da te ,  o r  on  any  da te  a t  op t i on  o f  t he
rep resen la t i ve  o f  a  deceased  owner ' s  es ta te .  I n  mos t  cases  T reasu ry  Bonds
are  re t i r ed  a t  o r  nea r  t he ' i r  r edeemab le  da te ,  ra the r  t han  a t  t he i r  s ta ted
da te  o f  ma tu r i t y .  The re fo re ,  t he  conven t ion  adop ted  was  to  t rea t  T reasu ry
Bonds  as  ma tun ing  on  the i r  redeemab le  da te  un less  the  redeemab le  da te  had
passed .  I n  th i s  case  the  ac tua l  ma tu r i t y  da te  was  used .
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(3 )  W i th in  each  ma tu r i t y  c ' l ass ,  a  p r i ce  i ndex  was  then  ca l cu la ted  as  the

ra t i o  o f  marke t  va lue  to  pa r  va lue .

A l though  the  p r i ce  i nd i ces  repo r ted  i n  t ab les  7 -11  a re  use fu l  f o r  a

va r ie t y  o f  pu r .poses ,  t hey  a re  no t  app rop r ia te  fo r  a l l .  Th i s  i s  because

Treasury Notes and Treasury Bonds bear a coupon, and the average coupon may

in  genera l  va ry  ove r  t ' ime  and  ac ross  ma tu r i t y  c lasses .  The  e f fec t  o f  t he

coupon  may  be  e l im ina ted  by  cons ide r ing  on l y  T reasu ry  B ' i  l l s ,  wh ich  have

h is to r i ca l l y  bo rne  no  coupon .  Tab le  12  repo r t s  mon th l y  p r i ce  i nd i ces  fo r

T reasu ry  B i i l s  a l one .

3 .  The  S tochas t i c  S t ruc tu re  o f  T -B i l l  P r i ces

F igu re  l  dep i c t s  t he  behav io r  o f  t he  mon th l y  T -B i11  p r i ce  i ndex  ove r

the  1942-1984  pe r iod .  Two  aspec ts  o f  t he  se r ies  a re  immed ia te l y  obv ious .

F i r s t ,  t he re  has  been  a  genera l  dec l i ne  i n  t he  i ndex  ove r  t ime .  Second ,

the  va r iab i l i t y  o f  secu r i t y  p r i ces  has  g rea t l y  i nc reased .  La rge l y

con t r i bu t i ng  to  the  dec l i ne ,  o f  cou rse ,  has  been  the  genera l  i nc rease  i n

in te res t  ra tes  ove r  t ha t  pe r iod .  S ign i f i can t l y  a l so ,  t he  te rm to  ma tuP i t y

o f  ou ts tand ing  B i l l s  has  g rown  f rom an  ave rage  o f  45  days  i n  1942  to  i 09

days  i n  1984 .14

0 f  pa r t i cu l a r  i n t e res t  j s  an  exam ina t j on  o f  secu r i t y  r i s k  ove r  t he

1942-1984  pe r iod .  I n  o rde r  t o  de te rm ine  l he  ex ten t  t o  wh ich  the  i nc reased

p r i ce  va r i ab i l i t y  has  been  re f l ec ted  i n  h i ghe r  secu r i t y  r i s k ,  t he

s tochas t i c  s t ruc tu re  o f  T -B i l l  p r i ces  i s  examined .  The  p rocedure  used  i s

to  separa te  the  da ta  i n to  f i ve  subper iods :  1942-1949 ,  1950- i959 ,  1960-1969 ,

14Th i ,  . u . rug .  was  cons t ruc ted  on  a  sha re -we igh ted  bas i s .
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7970-1979 ,  and  1980-1984  and  app ly  pu re  t ime  se r ies  techn iques  to  mode l  t he

p rocesses  genera t i ng  the  p r i ce  va r iab le  du r ing  each  o f  t hese  pe r iods .

Secu r i t y  r i sk  j s  t hen  eva lua ted  and  compared  on  the  bas ' i  s  o f  ( i )  t he

s tandard  e r ro r  o f  l he  es t ima te ,  and  ( i j )  ou t -o f - samp le  fo recas t i ng  accunacy

jn  each  o f  t he  pe r iods .

As  a  f i r s t  s tep ,  t he  da ta  were  p lo t ted  and  the  au toco r re la t i on

func t i ons  eva lua ted .  Dur ing  each  o f  t he  pe r iods ,  t he  p r i ce  va r iab le

exh ib i t ed  s ign i f i can t  l ow  o rde r  au toco r re la l i ons  wh ich  were  s low ly

dec l  i n ing  hence  the  da ta  v re re  t rans fo rmed  v ia  f i r s t -o rde r  d i f f e renc ing .

The  resu i t i ng  se r ies  were  each  s ta t i ona ry  and  showed  no  s ign i f i can t

1 q
seasona l  pa t te rn .  "  | l i t h  t hese  p rob lems  reso l ved ,  a  va r ie t y  o f  AR iMA

mode ls  were  apD l ied  to  de te rm ine  the  t ime  se r ies  s t ruc tu re  o f  t he

t rans fo rmed  p r i ce  se r ies  fo r  each  o f  t he  pe r iods ,  AR o rde rs  o f  O , ! , 2 ' 3

toge the r  w i th  MA o rde rs  o f  0 ,1 ,2 ,3  were  spec i f i ca l l y  cons ide red .  l ' 4ode l  s

were  then  chosen  on  the  bas i s  o f  t - s ta t i s t i cs  on  the  i nd i v idua l  pa ramete rs

as  we l l  as  t he  Box -P ie r ce  Q  s ta t i s t i c s  ca ] cu la ted  a t  l ags  o f  12 ,18 ,and  24

mon ths .16  Char t  2  shown  be low  g i ves  the  i nd i ca ted  AR iMA mode l  and  re levan t

s ta t i  s t i cs  fo r  each  o f  t he  pe r iods . lT  Ca lcu la ted  t - ra t i os  a re  genera l  l y

h i gh  and  Box -P ie r ce  s ta t i s t i c s  1ow ,  i nd i ca t i ng  t ha t  t he  chosen  mode l  s

r rThe  au to reg ress i ve  and  mov ing  ave rage  pa ramete rs  a t  o r  nea r  mu l t i p les
o f  12  we re  f ound  t o  be  i ns i gn i f i can t , ,  i nd i ca t i ng  no  seasona l  pa t t e rn  i n  t he

16und" "  t he  nu l t  hypo thes i s  o f  r es i dua l  wh i t e  no i se  t he  Box -P ie r ce  Q  i s
d i s l r i bu led  as  a  Ch i -Squane  random va r iab le  w i th  n -p -q  deg rees  o f  f reedom,
where  p  and  q  deno te ,  respec t i ve l y ,  t he  o rde r  o f  t he  au to reg ress i ve  and
mov ing  ave rage  componen ts ,  and  n  i s  t he  number  o f  obse rva ! i ons .

" I t  i s  a l so  i n te res t i ng  thaL  i n  no  case  was  the  j nd i ca ted  mode l  a  ranc iom
wa lk .
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CHART 2
DECADE-BY-DECADE ARIMA MODEL OF T-BILL PRICE INDEX

1942-
1949

19 50-
1959

1960-
1969

7970-
1979

l  qen-

1984
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A K 1

ARIMA
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AR2

ltA1
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- U .  U - t
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-0  .01
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-0 .  68
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- 0 .90

-0 .25
( -1 .e0)

-0.27
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( -1 .13)

-0  .87
( -5 .54)

-0  .83
( -5 .84)

0 .10
(0 .e5)

-0 .93

-0 .84

-0 .00
( -0 .04)

(18 .86)

- u . / o

1.34
(100 .77)

-1 .01
( -70 .3s )

- n  n l

0.  58

78
74)

45
18)

BOX- P I ERCE

STATISTICS

7?

l8

6 - > I

(0 .26) "

77  .57
(0 .18)

23 .06
(0 .24)

9 .95

(0 .1e)
1 1 . / o

(0 .07)

'J.9.24
(0 .08)

26 .02
(0 .10)

13 .80
(0 .06)

! J .  L '

(0 .2e)

1 b .  b J
(0 .62)

10 .46
(0 .23)

1 6 .  O J

(0 .18)

27 .22
(0 .13)

- 1 3 . J 1

(0 .2e)

26.53
(0 .12)

J t t

SSPE

0.01 0 .06

0 .05

0 .09

9 .88 2 f , .  u o

U . L d

J Y  - . + f ,

*  
t - r t " t i  r t i a ,

t  assoc i  a ted  p robab i i i t i e s
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reasonab ly  cha rac te r i ze  the  p rocesses  genera t i ng  the  behav io r  o f  t he  p r j ce

index  du r ing  each  o f  t he  pe r iods .

Among  the  s ta t i s t i cs  repo r ted  j n  Char t  2  a re  tno  measures  o f

fo recas t i ng  ab i l i t y  i n  each  o f  pe r iods .  The  f j r s t  o f  t hese  s ta t i s t i cs  - -

t he  s tandard  e r ro r  o f  t he  es t ima te  (SEE)  - -  measures  w i th in -samp le

fo recas t i ng  ab i l i t y  and  c lea r l y  revea ls  a  s teady  de te r i o ra t i on  decade  by

decade  in  fo recas t i ng  ab i l i t y .  The  second  s ta t i s t i c  measures  ou t -o f - samp le

fo recas t i ng  ab i l i t y  f o r  two  yea rs  i n to  each  subsequen t  samp le  pe r iod  by

ca lcu la t i ng  the  sum o f  squa red  p red i c t i on  e r ro rs  (SSPE)  ove r  t hose  yea rs .

These  s ta t i  s t i cs  c lea r l y  i nd i ca te  sys temat i c  de te r i o ra t i on  i n  ou t -o f - samp le

fo recas t i ng  ab i l j t y  t h roughou t  t he  en t i re  pe r iod .  ove ra l l  t hen ,  t he

s ta t i s t i cs  con f i rm  tha t  t he  genera l  i nc rease  i n  the  va r iab i l i t y  o f  T -B i l  l

p r . i ces  ove r  t he  1942-1984  pe r iod  re f l ec t s  a  s teady  i nc rease  i n  the

f i  s k i  ness  o f  t hose  secu r i t i e s .
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