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Intr oduction[l] 

l The idea th at an obse r ved time ser i e s  can be decomposed i nto two 

or mo r e  unobse r ved componen ts i s  one that has a long h istor y  i n  the 

analysis of econom ic time se r i es; two ear ly con tr ibutions to the 

l i te r atur e be i ng Babbage (1856) and Jevons (1866). The tr ad i tiona l 

decompos i t ion h as usually been i n  te rms of tr e nd, cycle, seasonal and 

i r r egular  components and th i s  cl assi f i cation of econom i c  f luctuations 

formed the basi s for the ear ly analysis of the bu siness cycle 

under taken by Pe r sons (19 1 9) ,  wh ich may be consid e red the for e r un ne r  

o f  the subseque nt wor k o n  busi ne ss cycles und e r taken by the N ation a l  

Bur eau of Economi c  Research - see, f o r  example, Bur ns and M i tche l l  

(194 7). Mor e  r ecently, the d iv i sion of a t ime ser ies i nto unobse r ved 

components has played an impor tant role i n  th e ana lysis of seasonal 

adjustme nt [see Ner love, e t  a l .  (1979 , Chapter 8) for  a conve n i ent sur vey] 

and, mo r e  gener a l ly, S ims (1974) has shown that if d i f fe rent components 

of two time ser i es ar e l inked by d i f fe r en t  d i str ibuted lag r e l ationsh ips, 

then th e estimation o f  a d i str i buted lag mode l  between the two obse r ved 

ser i es w i l l  lead to b i ased coe f f i c i en ts and m i sl ead i ng i nf e r ences. 

2 Economi c  theor i sts have also be come incr ea sing ly i nter e sted i n  

unobserved component mode l s, p�r t icu l a r ly i n  th e con text o f  model l i ng 

long-r un or equ i l ibr i um behav iour . Fr i edman ( 1 957) , i n  h i s  study o f  

th e consumption f unction, i ntr oduced the concepts o f  pe rmane nt and 

tr ansito r y  i ncome and the se may be reg a rded as two unobse rved compone nts 

of actual income . In h i s ana lysi s of the natur a l  r ate of unemployme nt 

hypothe sis, Fr iedman (1968) a l so conside r s  the eff ect of anticipated 

and unantici pated i n f lation on labour m a r k e t  beh av i our  and such a 

decomposit ion of an obse rved se r i es has subsequently played an 

impor tant role in the ration a l  expectations appr oach to the theory of 

economi c  pol i cy - see, for example, the models d eve loped by B a r r o  

(1976) and S argent and Wal lace (1976). The i n te r pr etat ion of a n  

unobserved component o f  an econom i c  t ime ser i e s  a s  an expectationa l  

var i ab le has also been consi d e r ed by N e r love e t  a l .  (1979 , Chapter 13) ,  

[1] Th i s  paper w a s  prepared f o r  and p r e se nted at the Money S tudy 
Group Conf e r ence, Br ase no se College, Oxford, i n  S eptembe r 1981. 
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who assume th at agents r eac t not to obse rved variables but ,  r ather , 

to estimates of the cur rent values of unobse rved components ,  terming 

such estimates 'quasi-r ation al'  expectations. 

3 � just stated , being unobse r v ed by economic ag ents ,  th ese 

indiv idual components must be estimated befo r e  the decomposition s 

disc usssed abov e can become fully oper ational and, in an attempt to 

g iv e  empir ica l  con tent to his decomposition of observed income , 

Fr iedman (1957) assumed th at permanent income was g ener ated by an  

exponen tially weig hted distr ibuted lag of inc ome with the ' smoothing 

pa r ameter ' arbitr a r ily set at 0 . 33.  In a se ries of pape r s ,  Bar ro h as 

constr uc ted an empir ical pr oxy for anticipated mone y  gr owth as th e 

p r e dicted value obtained by r eg r essing ac tual money g r owth on lagged 

mon ey g r owth and v a r ious other r eg r esso r s ,  deter mining unantic ipated 

mon ey growth by r e sidua l. [See , for example , Ba r r o  (1977) and for 

an  application to th e Un ited Kingdom , Attf iel d et al. (1981) . )  A 

f u r th e r  appr oach to modelling the pe rmanent or anticipated components 

of econ omic time ser ies has been followed by Lucas (1980) , who uses 

two-sided symmetr ical moving av e r ag es of observed money g r owth , 

in f lation and inter est r ate -ser ies to investig ate two impo r tant 

pr opositions of th e quantity th eor y. Th e use of two- sided f ilters 

has impor tant implications , for  it implies th at agents not only use 

past data in for ming their expectation s ,  but,  as they c a r e  pr imar ily 

abo ut the fu tu r e ,  inco r por ate for wa r d  loo kinq �ehav iour in th eir 

optimal estimates of th e cur rent v alues of th e components. 

4 This latte r approach is explic itly de r ived using a well- dev eloped 

statistic al theor y for the estima tion of unobse rv ed components ,  

classic r e fe r ences being Wiener (1949) and Tofuittle (1963) with 

N e r lov e et al. (1979) pr oviding a compr ehensive exposition , and is 

similar in spir it to the �ethodology to be pr esen ted in this pape r . 

Howev e r , as is disc ussed in detail later , the appr oach of Luc as 

(1980) may b e  cr itic ised for being conditional upon the adequac y of 

cer tain simple stochastic pr ocesses that a r e  assumed to gener ate the 

components. This 'adhoc ery' may be avoided by utilising the 

methodology and algor ithm of Bu rman (1980) , wh ich enables estimates 

of trend ,  seasonal and ir r eg ula r components to be obtained for 

obse r ved time ser ies th at permit an a utoregr essiv e - integ r ated -

mov ing av e r a ge (ARIMA) r epr esentation . 
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5 Section 2 of the paper therefore presents an exposition of 

unobserved component models, discusses the problems associated with 

dynamically modelling observed time series, and summarises Burman's 

technique and algorithm for estimatino the individual components. 

Section 3 utilises this technique to estimate the tren� (or permanent) 

components of three familiar macroeconomic time series and attempts 

to bring out the salient features of the methodology. Sections 4 
and 5 present two empirical applications of the unobserved component 

model approach; the relationship between money and pricee an� the 

construction of permanent income and expected inflation variables for 

subsequent insertion in an equation modelling bank lendinq. Finally, 

Section 6 presents some tentative conclusions and suggestions for 

further research. 
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2 

Unobse rved component models and s ignal extr action 

6 Suppose that y
t 

and x
t 

a r e  two obs erved time s e r ies , each of 

wh ich can be d ecomposed in to two components , v iz :  

T + S 
yt yt 

T + S 
x t  xt 

( 1 ) 

( 2) 

all sequences being ass umed to be join tly covar i ance s t at iona r y. I t  

is fur ther ass umed that t h e  T and S components , wh ich m a y  be thought 

of as , for exampl e ,  tr end -s eason a l  or pe rmanent-t r ansitor y 

d ecomposit ions , a r e  r e la ted by th e dis t r ibuted lag models : 

T 
yt 

s 
yt 

( 3) 

(4) 

wh e r e  u
t 

and v
t 

a r e  wh ite nois e s e quences uncor r el ated with each 

othe r or with T and S , and C(B) and D(B) are one-sided , pos s ibly 
X X 

in f in i te ,  polynomials in the lag oper ator B .  The empir ical lag 

d i s t r ibution b etween the obs erved y and x is d e f ined as y, whe r e : 

E(w X ) 
t s 

0 for a l l  t ,  s (5) 

7 I f  g
a b

(z) i s  the cr oss cov a r iance g ener ating f unc tion be tween 

the join t l y  cov a r iance s t at iona r y  s e r ies a
t 

and b
t 

then f r om 

equat ion 2 :  

g (z) 
XX 

and f r om equations l ,  3 and 4 :  

g (z) 
yx 

8 
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Using a r esult due to Wh i t tle (1963) we obt a i n : 

y (z) 
g (z) 

yx 

g (z) 
XX 

C(z)g
T

(z) 

g (z) 
XX 

+ 
g (z) 

XX 

C(z) [1-h(z)] + D(z) h(z) 

(8) 

whe r e  h(z) = g (z)/g (z). 
S XX 

So in  the f r equency doma in it is 

seen that the Four i e r  t r a nsform o f  y is simply a we igh ted ave r age of 

the t r a nsfo rms of C and D w i th we igh t s  vary i ng w i th fr eque ncy. 

Thus, if S and S a r e  indeed seasonal components, then it wou ld 
y X 

seem r ea sonable to assume that h(z) i s  c lose to u n i ty near the 

se asonal f r e quenc ies and close to ze ro (though posit ive) away from 

them. Hence Y (z) w i l l  tend to be close to D(z) near seasona l  

f r equenc ies and c lose r  t o  C(z) elsewhere. Howeve r ,  the ef fec t s  in 

the t ime doma in w i l l  be qu i te d i f f erent, for S ims (1974) shows th at 

lag d i str i bu t ions f i tted between unad j u sted seasonal ser ies w i l l  

o f ten show spur ious seaso n a l  f luc tuat ions i n  the coe f f ic ients as well 

as be ing two-sided. Th i s  l a tter phenomenon r esul t s  wheneve r 

d i f fe r en t  lag d i str ibut ions l i nk d i f fe r e n t  unobse r ved components, 

i r r espect ive of whether a se asonal/non- seasonal c la ssif ic at ion has 

been made. Th is gene r a l  r e su lt i s  of obv i ou s  import ance, for i t  

immed i at ely f l ag s  that some th ing i s  wr ong, bu t unfor t unately two-sided 

lag d i str ibu t ions can r e sult  f r om a var i ety of causes, for example, 

simu l t an e i ty or t ime agg r egat ion [S ims (1972)] , so th at the pr e c i se 

natu r e  of the mi sspec i f icat ion may be d i f f ic u l t  to a sce r ta in. 

8 Of cou r se, unconst r a ined two-sided lag d i st r i bu t ions ar e not 

u su a l ly est imated and typica lly y w i l l  be const r a ined to be one-sided 

w i th pa r ame t r i c  forms be i ng adop ted to e i ther t r u ncate or  smooth the 

patter n of the lag coe f f ic ients. S ims (1974) a lso points out 

t h at such restr ic t ions on y are l i ke l y  to both concea l and aggr avate 

the bias cau sed by d i f fe r ences in  the C a nd D po lynomi als and the r e fo r e  

such b i a se s  could be potent i a l l y  impo r t an t  i n  appl ied macroeconomic 

r esea rch. 

9 Two spec i a l  cases ar e of inte re st .  If C = D ,  then y = C ,  and 

any decomposit ion of the obse rved ser ie s  i s  i r r e levant, whe r eas if 

D = 0, so that S a nd S are i ndependent : 
y X 

9 



y ( z) C(z) [1-h(z) ] 
C(z) g

T
(z) 

g (z) XX 

and S ims (1974) shows th at th e correct l ag dis tribu tion betwe en T 
y 

and T , C(B) , wil l be obtained by inve s t ig a ting the r e la t ionship X 
be twe en y and T • 

X 

10 This disc u s s ion there fore empha s ises that , if there are d if fe r e nt 

dist r ibu ted lag r e la t ionship s  l ink ing pair s  of compone nt s of two 

time series , a nd if we a r e  primarily intere s ted in the r e la t ionship 

between one part ic u l a r  pair, for example , the tr end or permanent 

component s ,  then est ima t ing an  unrestrict ed two- s ided dis t ribu ted lag 

mode l betwe en th e observed s e ries wil l produce biased lag coef f icients 

and h ence misl eading inf e r ence s . Mor eove r ,  the pos sibl e  p r e se nce of 

non- ze ro fu ture coe f f icients may r e s u l t  in the inco r rec t conc lusion 

that simul t an eity or t ime aggreg ation prob lems are present. I f ,  a s  is 

mor e  likely in pr actice , smoothnes s  cons traints a r e  placed on the 

d is t r ibu ted lag coef ficients , the problem of bias wil l s til l be 

present bu t could be obscu r ed. Thu s  it may be ve r y  impor tant to 

inves tigate re la t ion ship s  not between observed economic time serie s  

but betwe en ce r t ain pairs o f  compone nts , bearing in mind that the 

behaviou r of such compone nts vis-�-vis the observed ser ie s  will also 

of ten be of con siderable int erest , par t icu l a r ly as many th eor ies 

sugge s t  t h at v a r iab le s shou ld appear in permanent or expected form. 

11 Of cou r s e ,  such components are , by their very nat ure , unobs erved , 

and hence mu st be es tima ted if ana lysis u s ing t hem is to be at temp ted. 

The pr oblem of estima tion may bes t  be il l u s trated by cons ide r ing the 

c l a s sica l appr oach to pr edicting (or ext r ac t ing) T , say. X This 

a s sume s  that T and S are genera ted by the following proce s ses. X X 

s 
x t  

aT 
xt-1 

+ E: 
t

, I a I < 1 (9) 

( 1 0) 

whe r e  £ and n are mu tu ally unco r re la ted white noise sequences 
t t 

with v a r iance s 0� and 0� respective l y. Thus the 'permanen t '  

com pone nt is as sumed to follow a first order autoregr es sive proce s s  

10 



whe r e as the ' t r ansitor y '  compone nt is wh ite noise. The pr oblem is 

then to es timate T g iven the reco rd of obser va tions on x T + S , 
xt � t 2 xt xt 

and a s t andard cr it e r ion is the minimisation of E [T - T 1 
x t  xt 

where:  

00 

l: \)J .x
t -

· 
j=-oo J ]. 

Fo llowing Wh it t le (1 963, Chapter 5) , the leas t s quares  estimator 

T based on the entir e  his to r y  of the obs erved x series is 
xt t 

given by: 

wher e :  f3 

� Q ljl 
[_, 1-' x

t-. j=-oo J 

( 1 + A + a z) - / ( 1 + A + a l2 - 4a 2 
2 

( 1 1 ) 

and 

12 For values of the ' s ign a l  to noise ' var ianc e  r a t io A near zero , f3 
A 

is appr oximately equal to a and T wil l then be given by a ve r y  
x t  

long moving ave r age o f  fu t u r e  and pas t  values of x. On the other 

hand , if A is large , f3 wil l be close to ze ro , in which case T 
x t  

wil l b e  almo s t  equal to t h e  mos t  recently observed value x • 
t 

This 

behaviour seems quite r e asonable s ince , whe n  A is sma l l ,  mos t of the 

pe r iod -to-pe r iod var iation in the obs e r ved s e r ie s  is , on ave r age , due 

to variation in the tr ansitory compone nt , and vice ver s a  for large 

values of A. 

13 I f  a equa ls unity (that is , T fol lows a r a ndom wa l k ) , then 
X 

the optima l es timator is g iven by: 

00 
" 

T 
xt 

( 1 - S*) .l: 

whe r e :  f3* 

J=-oo 

2 + A - /A L + 4A 
2 

( 1 2) 

and this is equivalent to the mode ls con s idered by Luc as (1980). 
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1 4  The above es t imator s wi l l  on l y  be opt imal , in the m i n imum mean 

s qua r e  er ror s ens e,  i f  the unobs erved components T and S a r e  X X 
actual ly g ener a t ed by the �r eces s es ass umed in equat ions q an� 1 0 . 

To check the adequacy o f  t hes e ass umpt ions , the impl i ed model for 

x
t 

may be tes ted ag a i n s t  the dat a .  

10 y i elds : 

Combi n i ng equat ions 2 ,  9 and 

( 1 - aB} X 
t 

E
t + n

t 
- an

t-1 

(1 - BB}a
t 

s a y .  ( 1 3} 

15 Hence, i f  the clas s ical s ig nal  ex tr act ion model char acter ised by 

equa t i ons 9 and 10 is appr opr i a t e ,  then the obs erved s er ies should be 

adequately model l ed by an ARI MA (1,0,1} pr oces s . As a l l  s er i es ar8 

ass umed to be covar i ance s t at i on a r y ,  v a r ious tr ansformat ions and 

di ffer ences wi ll typ ical ly have been per formed on the actually 

hs'=rved s er i es X
t

. I f ,  s ay ,  x is  obt a i ned a ft er d i ffer enc i ng 
t 

d 
f(X

t
} d t i mes [that i s , x

t 
= (1 -B} f(X

t
}) , t hen f(X

t
} mus t 

be ad equately model l 8d by an ARI MA ( 1 , d ,  1} pr oces s for the class i ca l  

s ig n a l  ex tr act ion Inodel to be appr opr i a t e .  Res t r ictin<J a t o  equal 

un i ty t her efo r e  r equ i r es f(X
t

} to be g ener a t ed by an ARIMA (0, d + 

1, 1} pr ocess and Gr ang er and Newbo ld (1977, pag e 203} s ug g es t  that 

this model may be a useful r ep r es entat ion of many non- s easonal 

econo.nic s er i es . I n  fact , i f  \jJ (B) is  r es t r icted to be on e-s ided ,  

the op t imal extr act ion equat ion 12 cor r esponds to the us e of s impl e  

exponent ia l  s•noothing [cf Fr i edman (1957}) . However , i f S X 
cor r esponds to a seasonal , r at her than a t r ans i tor y ,  comprment ,  t hen 

the ass umpton that it  i s  whi t e  n o i s e  i s  clea r ly un r ea l i st i c ,  and hen ce 

the d er ived ARH�A ( 1 ,  d ,  1} mod el for the obs er v ed s er i es wi l l  be 

i nadequa t e .  Ner lov e  e t  al . (1979) cons ider unobserved component 

mod els hav i ng components g ener a t ed by par t i cul ar  ARIMA for ms , imply i ng 

that the obser veJ ser i es fo llows a hig h order bu t hi ghly r es t r i cted 

AR IMA model . However , a model l ing appr oach tha t  r 8JnOV8S this  

a r bi t r ar i n es s  of a pr ior i spec i ficat ion of the ARI�A for ms g ener at ing 

t he components is to i d en t i fy and es t imate the appr opr iate model for 

the obs er veJ seri es and , cond i t i on a l  upon this  model , ex tr act opt ima l 

es t imates of the under l y i ng components . Such an appr oach has been 

pr opos ed by Bu r man (1980),  who s e  algor i thm a l l ows tr end , s easonal and 

i r r eg u lar components to be es t imated for any s er i es t hat can be 

12 



adequately character ised by an ARIMA sea sona l  mode l. Only a br ie f  

exposition o f  the technique, termed Minimal S ignal Ext r ac t ion (MSX), 

is given her e - full de tails may be found in Burman ( 1 980). 

16 Thus, con s ider  the gene r al ARI MA (p, d, q) (P, D, Q) seasona l  
s 

mode l  for the obs e r ved s e r ies x : 
t 

s 
whe r e  8(B) is of degr ee q* = q + Qs and �(B) and �(B ) are of 

s D 
deg r e es p and P r espec t ive ly. By noting that (l - B ) and 

(1 4) 

s 
�(B ) c an, in pr inciple, be f acto r ed into seasonal and non-s easona l  

par t s, for example (l - B
s

)
D 

= (l - B)
D 

( l  + B + • •  + B
s -1

)
0

, 

equation 14 can be r ewritten with it s denomina tor  r ea r r anged into 

component s h aving no common f actor :  

whe r e  � (B) and � (B) may be r eg a rded a s  tr end and seasonal 
m s 

component s r espect ive ly. 

(15) 

17 I f  it is also as sumed that x can be decomposed into tr end (T), 
t 

seasonal (S) and ir r egular (R) components such that: 

(16) 

with T
t 

= f
T

(B)b
t

,· S
t 

= f
s

(B)c
t

,· R = f (B)d , b , c and d be1'ng 
t R t t t t 

2 2 2 
independe nt white noises with v a r iance s o

b
, a

c 
and a

d
, then Whit t le (1963) 

showed that the optimal line ar es tima tor of T is given by: 
t 

A 

T 
t 

whe r e  F = B
-1 

, 

X 
t 

A 

(17) 

with simila r  exp r e s s ions being obtained for S
t 

and 

Bur ma n  (1980) shows th at equation 17 can be r ewr itt en as:  

13 



C
T

(B , F) 

8(B) 8(F) 
x

t ( 1 8) 

wh ere C
T

(B , F) is  a symmetrical polynom i al in B and F of deg ree 

p* = p + d + sD + sP. 

18 Th e MS X algori thm estimates T
t

' s
t 

and R
t 

by par tition i ng the 

s pectrum of x
t 

into trend , s easona l and i r r eg u l ar components and then 

gene rating the f i lters requ i red . Although the orig i nal for•nulation 

of th i s  ' s igna l  ex traction ' tec hnique was d eveloped for a doubly 

inf i n i te x s e r ies and f i lter the expected values of the s ignal se r i es 

can be obta ined by extending the obs erved ser ies w i th backcasts and 

foreca s ts .  Only a l im i ted number o f  thes e pr ed ictions are , i n  f act,  

requ ired in pr actice becaus e of the par ticular algor i thm employed . 

19 Th is  algor i thm , pr imar i ly d es i gned for seasonal adj us tment pu r poses , 

also has a pr ocedure for mod i fying extr eme res id uals a f te r  prel im ina r y  

estimates of the components hav e  been made and h as a further re f i nement 

to deal w i th b i as in multipl icative models , i e  models in wh ich x
t 

= log(X
t

). 

20 Hav ing th us obta ined es timates of the unobs erved tr end , seasonal 

and i rreg u l ar components , the s e  can then be us ed for a var i ety o f  

purpo s e s .  Th e ea r l i e r  analys i s  h a s  emphas i s ed d i s tr ibuted lag 

re lationsh ips betwe en components and there fore techniques s uch as 

trans f e r  function methodology c an be employed to model s uch inter actions . 

Al ternatively , the estimated trend , i f  i t  is c lass i f i ed as the ' permanent ' 

component , may be immed i ately comp a r ed w i th the obs e rved s er i es , the 

d i f f erence between th e two being the trans i tor y component. The trend 

component could also be r eg a rded as an es timate of th e ' ex pec ted ' v alue 

of th e var i able , on the Nerlove et al. (1979) v i ew that econom ic ag ents 

r e act not to obs erved v alu es but r ath er to es timates o f  the cur r ent 

values of th e unobs erved components . In th is case th e es timated 

component , b e i ng constr uc ted us i ng future as well as past v alues of the 

obs e rv ed s e r i es , w i ll inco r por ate forwa r d  loo k i ng behav iour , althoug h  

both types o f  i nformation ente r  s ymmetr ic ally. On e i ther inte r pr e tat ion , 

th e es timated trend component can be us ed to empi r ically model s uch 

v ar i ables . 
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3 

Some examples of the estimation of unobse r ved components 

21 This section discusses the es timation of cer tain unobse r ved components 

of thr ee quar ter ly economic time series using the MSX methodology and 

algor ithm developed by Burman (1980). The series inve stig ated are 

seasonally unadj usted £M3 , the r etail p r ice inde x and the local author ity 

thr ee-month r ate. 

22 Conventional identification and estimation techniques led to the 

following ARIMA(l , l , O) (0,1,1)4 model for x = ln(£M3) , the sample pe r iod 

be ing 1963 Ql to 1980 Q4. 

(1 - B) 
4 ( 1 - B ) x

t 

"' 

a .0159 

4 [1 - • 92 B ] 
(. 07 ) 

[1 - .54 B] 
a

t 
( .10) 

1 0. 1 T = 67 . 

( 19) 

"' 

23 Coe f f icient standar d e r ror s ar e shown in par enthese s ,  a is the 

equation standard e r ror , T is the ef fective s ample s ize and Q1 (v) is 

the L j ung-Box (197 8) por tmanteau statis tic asymptotically distr ibuted 
2 

as X (v) on the null h ypothesis th at a
t 

is wh ite noise • 

..... 

24 The quar ter ly ' pe r manent '  g r owth r ate (1 - B)ln(T ) obtained by X 
applic ation of MS X is plotted ag ainst th e observed seasonally-adju sted 

money g r owth r ate (1 - B)x
a 

in Char t  A. The permanent g r owth r ate 

is seen to smooth out the ir r egular tr ans ito r y  fluc tu ations while 

leaving the accele r ations of money g r owth in 1972- 7 3 ,  197 7 and 1980 

clearly def ined. 

25 The r etail pr ice index (RPI )  was found to be adequ ately modelled by 

an ARIMA(l , l , l) (0,1,1)4 model for y = ln(RP I ) ,  the s ample per iod ag ain 

being 1963 Ql to 1980 Q4. 
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4 
( 1 - B) ( 1 - B ) y 

t 
= 

a = .0116 

[1 - .30 B] [1 - .96 B
4

] 
(. 1 5) (. 08) 

4.6 

[ 1 - • 8 5 B] 
( . 08) 

T 67 

(20) 

26 P rman nt or 1 n icipated 1 infl ation, (1 - B) ln (T ) is plott d 
y 

against obs rv d in flation (1 - B)y in Chart B. Ag, in th irr gular 

tr nsitory flu tu tions are smoolh d out and th in la jon p ks in 

197 5 and 1980 ar cl rly mphanis d. Furthermor , th (annualis d) 

p rm n nt inflation series was found to b lmos id ntical to the 

corresponding p rman nt inflation s ri s obtained using monthly data, 

thus providing evid ne of the robustn ss of lh MSX algorithm. 

27 Bo th seri s ar se sonal and th mode ls gen ra ing th m ar 

ther fo re mor complicat d than th cl assical signal ext rac ion 

mod ls discuss d in th previous s ction. How v r, the loc 1 

authority rate (RLA) is non-seasonal, and was found to b ad quat ly 

mode lled by an ARIMA(O , l,l ) proc ss for th long r sampl p riod 

1 957 Ql to 1980 Q2 : 

( 1 - B) RLA 
t 

a = • 1409 

( 1 + . 11 B) a
t 

(. 1 0) 

( 21 ) 

T 93 

thus supporting Granger and Newbo ld1s (197 7 )  suggestion th at such a 

mode l provide s a good representation of a wide range of economic time 

series. Moreove r ,  the smal l coefficient estimate impl ies a large 

signal to noise variance rat io (ie that most period-to-period variat ion 

in RLA is due to variat ion in it s pe rmanent component ) wh ile the 

insign ificance of this coe f f ic ie nt suggests that RLA can be adequate l y 

mode l led by a random wal k ,  this being con sist ent with the findings of 

Goodhart and Gowland (197 7 ) . I n  this case, the op timal estimate of 

the curre nt pe rmanent level of the intere st rate is the obse rved 

level itself  and hence the trend component and observed series should 

be almost identic al on applying MSX to equat ion 2 1  and indeed this 

was found to be the case. 
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28 Th us , in all three example s ,  the extracted trend components ar e 

found to be sens ible and to bear re ady economic interpretations. 
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4 

The r e l at ions h ip be tween money and pr ices i n  the Uni ted K ingdom 

29 Th i s  sect ion cons ide r s  in some detail  the b ivar i ate r e lat ions h ip 

be tween two of the t ime ser i e s  inves t igated in the previou s  sect ion, 

£M3 and the RP I ,  for the per iod 1963 Q1 to 1980 Q4. 

30 A s suming that the r e lat ionsh ip be tween the two ser i es i s  

unid i r ect ional , r unning f r om £M3 t o  RP I ,  the fo l low i ng t r ans f e r  

f unc t ion was deve loped : 

( 1 - .57 B) (1 - B) y = 

(. 0 8) 
t 

"' 
a .0106 Q

1 
(12) = 

.004 + (-.10 + 
(. 003)  (. 0 5)  

6.4 T 63 

.3 7 B
6

) (1 
(.os) 

- B) x + a 
t t 

3 1  F r om t h i s  mode l it can be seen that th er e i s  a negative 

contempor aneou s r e lat ionsh ip and a s ix-quar ter delay befo r e  a 

( 22) 

pos it ive r e sponse f r om RP I  to a change in £M3 occu r s. The long -run 

r es pons e i s  0.62, s ig n i f icant ly smal ler  than the quant ity th eor y  

hypothes i s  o f  uni ty. Howeve r ,  t h i s  contempor aneous cor r e lat ion plu s  

the pr e s ence o f  s ignif ic ant cor r e lat ions at three and f ive- quar ter 

lead s  prov id e s  evi dence of feedbac k f r om RP I  to £M3 .  Wh i le s uch 

feedback is cert ainly plau s i b le , the analy s i s  of S ect ion 2 s uggests  

that th e s e  cor r e lat ions could be  f l ag g i ng the pos s i b i l ity of b i as 

d u e  to d i f f e r ent d i s tr ibu ted lag s l ink i ng the und e r lying compone nt s 

of the two s e r i es , i n  wh ich case the long -r u n  r e sponse may be 

subs tant ially b i as ed .  Th i s  m i s spec i f icat ion appe ar s equal ly 

plau s ible for i t  is unl i k e ly that the permanent and t r ans i tory 

component s of money and pr ices wou ld be r e lated by ident ical l ag 

d i s t r i bu t ions. Mor eove r ,  many econom i s t s  would f ee l  that it is the 

r e lat ionsh ip between the permanent component s of the two ser i e s  that 

i s  o f  fund ament al impo r t ance , thus ar g u i ng that the i nve s t igat ion of 

the r e lat i onsh ip between £ M3 and RP I  should be car r ied out i n  t e r ms 

of the t r end component s T and T • X y 

"' "' 
32 Mode l l i ng the ext r ac t ed t r end component s T and T y i e lds the X y 
f o l low i ng t r ans f e r  f unct ion: 
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( 1 - 2.03 B + 1.78 B
2

- .67 B
3

) ( 1 - B) ln (i•
y

)
t 

= .08 B
5

( 1 - B) ln (1•
x

)
t 

(. 10) (. 17) (.09) (.02) 

+ 
a

t 
( 1 + • 3 8  B) 

( • 1 4) 

A 

a = .0030 Q
1 

( 1 1) 13 .8 T 62 

3 3  No evidence of mode l  i nade quacy was found for t h i s  mode l ,  thus 

sugge s t i ng t hat the de f ic i enc ies of equat ion 22 we re due to 

' component ' b i as r ather than feedback ef fec t s. 

(1979) , equat ion 23 can be rewri tten as : 

Fo llowing Jenk ins 

• 0 8 B 
5 

ln ( T ) + N X t t 

(1  + .3 8B) (1  - B) N 
t 

(23 ) 

(24) 

( 25) 

f r om wh ich it can now be s een that there i s  a f ive-quar ter delay i n  

t h e  r e act ion o f  permanent prices t o  a change i n  pe rmanent mone y ,  the 

r es pons e peak i ng at seven quarters af ter wh ich the r e sponse path is 

cyc l i cal ly damped w i th a long- run res ponse of 1 .09 and a mean l ag of 

e leve n  quarters. Th i s  d ynamic re sponse i s  therefore cons i s tent w i th 

quant i ty theory impl icat i ons , unl i k e  that of the r e lat ions h ip be tween 

the observed s erie s , wh ich has the add i t ional d i sadvantage that it 

m ig h t  be e r r oneously r espec i f i ed as a feedback mode l  rather than a 

model h av i ng d i f fe r ent d i s t r ibuted lag s  l i nk i ng d i f f e r ent component s. 

It may also be noted that the re lat ions h ip betwe en the permanent 

component s i s  somewhat s t rong e r  than the re lat ions h ip between the 
A /' 

obs erved s e r ies , the u se o f  T to explain T reduces the unexplained X y 
variat i on in T by ten per cent , whereas the u se of £M3 to explain 

y 
RPI reduces the unexplained var i at ion in RPI by only f ive pe r cent . 

3 4  I t  cou ld also be hypothe s i s ed t hat the t r ans i tory components o f  

£M3 and RP I are ind epend ent , i n  wh ich case t h e  appr opr iate rel at ionsh ip 

to be mod e l led wou ld be that be tween RPI and T • Cross cor re l at i ng 
4 � 4 A 

the appr ox imate ly wh ite no i s e  series (1  - B ) S
x t  

and ( 1  - B ) S
yt

' 
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A 

where S = £M3 
xt t 

Haugh (1976) tes t 
2 

d i s t ribu ted as X 

A A 

- T and S 
xt yt 

stat i st ic of 

A = RPI - T 
t yt' 

Q
2

(24)= 96.6, 

produced the s igni f icant 

t h i s  be i ng asymptot ically 

on the nu l l  hypothes is of independence. Henc e  

t h i s  conf irms that t h e  appropri ate analys is of the £M3 and RP I  

re l at ionsh ip is between t h e  ' trend ' o r  ' permanent ' component s  of the 

two seri es. 

35 T h i s  appl icat ion of unobserved component mod e ls therefore le nds 

support to the v i ew o f  Lucas (1 980) that the quant ity theory is 

es sent ial ly a ch arac teri st ic of ' long-run ave rage ' behav i our and that 

such behav i our c an be emp irical ly captured by analys ing the re lat ionsh ip 

between the permanent components of money and prices. 
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5 

Mode l l i ng bank lend ing 

36 I n  the Bank of Eng land (1979) model of the UK economy , bank 

lend i ng to per sons i s  as s umed to be a funct ion of nomi nal t r ans itor y 

income and the r e al cos t  of such lend i ng. Within  the mode l ,  nom i nal 

t r ans itory income is d e f i ned as the d i f f e r ence between r e al pe r sonal 

d i sposab le income (net of cur r en t  g r ants to per sons from the public 

sector ) ,  RY , and r e al pe r mane nt non-g r ant per sonal income , YDPM , 

inflated by the pr ice def lator for total con sumption ,  PC. The 

permanent income se r i es  YDPM i s  generated by a twe lve -quar ter 

appr ox imat ion to a s imple exponent ial smooth ing algor i thm w i th 

' smooth ing cons tant ' set at 0.3, that i s :  

YDPM
t 

� 0. 3 RY 
t 

+ 0. 7 YDPM
t_1 

(26) 

As G r ange r  and Newbold (1977) show, t h i s  i s  equ ivalent to assuming 

that RY is generated by the ARIMA(O , l , l) mode l :  

( 1 - B) RY 
t 

(1 - . 70 B)a
t 

Es t imat ion of such a model y i e lds : 

( 1 - B) RY 
t 

A 

a 279 

(I - .02 B)a 

(. 1 0) 
t 

17 . 6  

(27) 

(28) 

The par ame ter e s t imate i s  c le ar ly ins ign i f icantly d i f f e r en t  from ze ro 

and i ndeed RY is adequately char act er i s ed as a r andom walk : 

( 1 - B) RY 
t 

a 278 

(29) 

Q
1

(12) = 17.8 

S i nce this model me ans that the smooth i ng cons tant in  equat ion 26 

i s  ze r o ,  th i s  impl i es that the opt imal e s t imate o f  r eal permanent 
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income YDPM is curre nt observed re a l  income RY , hence transitory 
t t 

re a l  income, and there fo re in this context transitory nominal income, 

is always ze ro. 

37 A more satis fac tory me thod of cons truct ing t ransitory nominal 

income would be to extract the permanent component of nomina l  personal 

dispos ab le income , NY,  a nd hence obtain the transitory component by 

sub t ract ion. Univariat e analysis of th is income series yielded the 

mode l :  

(1 - B) (1 - B
4

) l n  (NY ) 
t 

"' 

a = .0184 1 0. 1 

(1 - .56 B
4

la 
(.09) 

t 
(30) 

and the tran s itory income series TYB thu s derived is plott ed in 

Ch art C a long with the model based a l ternative TYA = PC(RY - YDP M) . 

I t  is seen th at for the early part o f  the data period, 1965-69, both 

series fo llow s imil ar paths but from 1970 onwards the fluc tuations in 

TYA become much gre at er than those in TYB, this be ing con firmed by 

the s t andard de viation s of the two series. It  is in tere stin g  to 

note th at both se ries can be adequately mode l led by MA(l) proces ses 

a s  be fits variable s having only tra n s ient ch arac terist ic s .  

38 The rea l  intere s t  rate variable, me asuring t h e  cos t  of bank 

lend ing, is construc t ed in the Bank model as the d ifference between 

the loc a l  authority three-month ra te, RLA, and an  infl ation expectations 

variable PEXP, b as ed main l y  on past movements in prices bu t also 

including expect ations of any change in the exchange rate. Given 

the theme of this paper, an a l t ernative expectation s series could be 

obtain ed by extrac t ing the permanent component of the price series 

u sed in th e cons truct ion of PEXP . The following u n ivariate mod e l  

for this s e ries, t h e  imputed whole s a le price index of manu fact uring 

ou tpu t (net of t ax ) , P I MN, was obtained : 

4 
( 1 - B) ( l - B ) 1 n ( P I MN) 

t 
= 

"' 

a . 0096 

24 
Q

1 
( 9) = 11.0 

[1 - .95 B
4

] 

(. 08) 

(I - • 50 B - • 39 B
2

) 

(.11) (.12) ( 31) 



Chart C 

Transitory income 
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Chart D 

Real interest rates 
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39 The extracted permanent component was then conve rted into an 

annual expected inflation serie s , I S IG , ana logo u s  to PEXP. The two 

real  interest rate series cons tructed u sing the se alterna tive s are 

shown in Ch art D. There is seen to be a rea sonably c lose 

correspondence be tween the two series with that based on the 

ext racted component , RRB , being somewhat smoother than RRA , the 

series con structed u sing the mode l  variab le PEXP. 

40 Having obt ained these alternat ive me asures of tra ns itory income 

and rea l  int ere s t  rates , their empiric al performance vis-�-vis their 

Bank mode l analogues was inve s t iga ted through the model ling of bank 

lend ing to the UK private sector (persons ) ,  LDJ ; a notoriously 

difficult variable to model adequately. 

4 1  A reasonable equation u sing the model variable s was found to be : 

LDJ
t 

= .53 LDJ 
1 

+ .43 LDJ 
2 

+ .0 1 TYA
t_1 

- 1 0.16(RRA 
1 

- RRA
t_ 2

) 
(.13) 

t-
(.14 ) 

t-
(.06) (6.96) 

t-

"' 

- 29.4 

(21. 7) 

a = 1 37 
-2 
R = • 73 

( 32) 

Q
1 

( 1 2) 16.2 T 59 

wh il e  th e ana logous equation u s in g  the cons truct ed variab les was : 

LDJ
t 

= .48 LDJ 
1 

+ .46 LDJ 
2 

- .09 TYB 
1 

- 15.87(RRB 
1 

- RRB
t_ 2

) 
(.12) 

t-
(.12) 

t-
(.09) 

t-
(8. 46) 

t-

"' 
a 

- 27.01 
(20 .96) 

138 
-2 
R = • 72 

(33) 

14.9 T = 63 

Neither equation performs particu larly satisfac torily with a number 

of coe ffic ient s being rather imprecis e l y  det ermined . For both 

equations change s  in rea l  intere s t  ra te s have a nega tive impact 
I 

e ffect on bank lending but a zero ove ra l l  effect , with th e impact 

e ffec t be ing s tronger for RRB , based on th e extrac ted infla t ion 
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ex pectat ions ser i e s .  Th e  coe ff ic ien t o f  t h i s  l atter var iab l e  i s  

al so s ig n i f i c an tl y  d i ffe r en t from ze ro at a marg inal l evel of l ess 

than .10. 

42 Al tho ug h  both tr an s i to r y  i nc om e  var iab l es ar e in s ig n i fic an t ,  the 

' opt imal l y  ex tr ac ted ' al ter nat i ve is at l eas t cor r ec tl y  s ig ned , wi th 

the long - r un r esponse impl yi ng that a £100 m il l ion inc r ease in 

tr ansi to r y  i ncom e  wi l l  l ead to a £ 1 57 mi l l ion d ec r ease in b an k  

l end ing , al tho ug h  th i s  r e sponse i s  r athe r slow , the m ean l ag  be ing 

almost s ix ye ar s .  

43 The se r e sul ts ,  al tho ug h  no t en ti r el y  s at i s fac to r y ,  d o  s ug g est 

that the us e of s uc h  opt imal l y  ex tr ac ted componen ts to pr ox y pe rm anent 

or ex pec ted var iab l es may b e  of poten ti al impo r tanc e in the modell ing 

of var io us mac ro ec onom ic r el at ionsh i ps .  It m ay b e  arg ued , howe ver , 

that the us e o f  t \\0- s i d ed  f i l ter s to constr uc t tr end componen ts 

hav ing perman en t  or ex pec tat i onal connotat ions r equ i r es econom ic 

ag en ts to pr oc ess i n fo rm ation that they c anno t  poss e s s .  An 

al ter nat i ve pr oc ed ur e \\O uld be to ex tr ac t  the c ur r en t  val ue o f  the 

tr end component b y  s ucc ess i v el y  t r uncat i ng the ob ser ved se r ies  b efo r e  

appl ying the MS X alg or ithm rec ur s i vel y ,  t h us  ut i l i s i ng no fut ur e 

in fo rm a t ion o the r than o pt imal fo r ec as t s .  In i t ial ex pe r im en ta tion 

s ug g ests that s uc h  a m e thod l ead s  to onl y m inor c hang es in the val ue s 

o f  the ex tr ac ted componen t ,  b ut f ur the r r ese ar c h  in to th i s  impor tan t  

ar ea is  con t i n u i ng .  
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6 

Conclusions 

44 This paper has conside r ed how the idea of unobs erved components 

of economic time se r ies may be of use in ce rt ain a r e as of macroeconomic 

mode lling. The estimation of such component s in a ge ner a l , model­

based fr amewo r k  has now become fe asib le using the me thodology and 

a l go r ithm of Bur man (1 980) , although it shou ld be emphasised that the 

r esults  pr esented here  ar e stil l  tenta tive and explor ator y. 

45 I t  has been a r gued that the decompo s it ions thus cons id e r ed may be 

inte rpreted in a variety of ways that migh t be of int e r e s t  to economis t s , 

pa r t icu l a r ly given the incr e asing role of expec tation s and permanent 

or anticipated variables in macroeconomic models. The technique 

advocated here  enables ad hoc appr oaches to the con s t r uc t ion of such 

va r iab le s to be avoided a nd a lso al lows forwa r d  look ing behaviour to 

be inco r po r a ted by the use of fu tu r e  as we l l  as past values of the 

obs erved s e r ie s  in the calc u l ation of these compone nts. Mor eover , 

long-r un re lationships be tween economic va r iables may be inve s t iga ted 

a long the lines sugge s ted by L ucas (1980) , but avoid ing the r es t r icted 

fr amewo r k  employed by that autho r .  

46 T h e  pr ese nc e  of unobse r ved component s h a s  a l s o  been shown t o  h ave 

impo r tant pot ential con sequences for empir ica l  macroeconomic pr ac t ice , 

for the pr e s ence of d iffe r en t  distr ibu ted lags link ing differ ent 

component s of time se r ies has been shown to prod uce biased coefficients 

and pos sib l y  misl e ad ing infe rences when dis t r ibu ted lag models ar e 

e s t ima ted between obse r ved t ime ser ie s .  This has been amply 

demons tr ated by the investiga tion of the r e la t ionship between £ M3 a nd 

the RP I .  

4 7  Finally,  it should be pointed ou t that the decomposition o f  an 

obs e r ved time series u sed in this pape r is not unique and , fo r 

example ,  Beveridge and N e l son (1981 ) h ave deve loped an a l t e r n a t ive 

decomposit ion designed specific a l l y  fo r ident ifying tur ning poin t s  in 

busine s s  cyc les. I nve s t igation in to the compa r ison of alter na tive 

me thods fo r decomposing t ime se r ies is the r e fore an impor t an t  ar ea of 

fur ther r e s ea rch. 
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