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I n t r oduc t i on 

Th i s  pa pe r  see ks to assess the impor tance o f  the con s ume r 's expe nd i t u r e  

equat ion in mac roeconomic model s , t o  con s id e r  the theor e t ic al pr ope r t i e s  o f  

the spec i fi c at i on s  fe atur ed i n  some we l l  known model s , and to t e s t  the 

spec i f i c a t ions exhaus t i ve l y  us i ng the l atest i n fo r ma t i on ava i l ab l e .  No 

novel theore t i cal devel opments a r e  c a r r ied out i n  the pape r , t ho ug h  some ar e 

s uggested . 

[ I  wo uld pa r t ic ul ar l y  l i ke to than k C J A l l sopp , K C u t hb e r t so n , 
G I Ev an s ,  J S F l emmi ng , D F Hend r y ,  N H Je n k i n so n , J Ryd i ng ,  
I D Sav i l l e ,  A R Th r eadgold and J C Tbwnend fo r encour ag eme n t ,  
help and s ugge s t i on s .  The e r ro r s  r emai n  my r esponsi b i l i t y . )  
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2 

The consumpt ion f unc t i on i n  mac r oeconomic models 

Th e  equa t i on r e l a t i ng consume r ' s  ex pend i t u r e  to pe r sonal income and other 

v ar i ab les is at the c e n t r e  of the Keynes i an i ncome-expend i t ur e  anal ysis of 

t he econom y , a nd r ema i ns the cen tr e-piece of most of the , st i l l  b asical l y  

Ke yn es i an ,  mac r o  models of the UK economy. In the con tex t  of a compl ete 

mod e l , i t  d e term i nes the e f fec t of chang es in g ov e r nme n t  po l icy and of 

exter nal econom i c  events on a c r uc i al par t of  agg r eg ate demand , pe r sonal 

consumpt ion , wh ich is equivalent to 50% of total f inal expe nd i tu r e  in t he 

economy , and 7 0 %  of g r oss domest ic pr od uc t. 

2 Th e  pr ope r t ies of  consumption f unc t ions are thus a c r uc ial element i n  the 

adv i c e  and pr ed i c t ions g iv e n  by mac r o  for ec aste r s ,  thoug h  the judgmen t  of  the 

for ecaster s i s  also impo r t an t. Inaccur ac y  o f  the equa t i ons c an cause h ug e  

e r r o r s  i n  the pr ed ic tive powe r  of  models , a s  was found i n  the ear ly 1 970s 

whe n  equat ions r e l at i ng consumpt ion sol e l y  to i ncome , [ 1 ) f a i l ed to pr ed i c t  

the i nc r e ase i n  t h e  sav i ng r a t i o  that occ ur r ed wi th t h e  r ise i n  i n f l at ion , as 

noted in TOwne nd ( 1 9 7 6 ) . In a contempo r ar y  c on tex t ,  t he success of  a pol icy 

of  s t im u l a t i ng t he economy b y  r ed uc ing i n f l at ion depe nds c r uc ial ly on the 

l i ke l y  r esponse of  consume r s '  expend i tur e. SOme equat ions pr ed i c t  a m uc h  

smal l e r  o r  slowe r r esponse than othe r s , a s  wi l l  b e  se en below [ see also 

Cuthber tson ( 1 9 82 ) , Tabl e  2). Also , the cho ice between al ter n a t ive demand 

i njec t i ons wi l l  be i n fluenc ed by the pr ope r t i es of consumpt i on func t ions . 

The cons umpt ion func t ion wi l l  show the degree to wh ich an i ncr ease i n  demand 

wh i c h  feeds i n to pe r sonal i ncome wi l l  be passed on i n  i ncr eased consumpt ion. 

These r esponses may v ar y  b e tween al ternat ives s uc h  as i ncome tax c uts and 

g ov e r nm e n t  expe nd i t u r e i n c r eases. The assumed consumpt ion r eact ion of the 

ec onomy is also impo r tan t in the r o u t i n e  assessme n t  of f isc al po l icy. 

Knowi ng t he chang es that wi l l  be mad e v i a  tax c hanges to r e al pe r sonal 

d isposable i ncome , t he amoun t of d emand that wi l l  be r emoved f r om ,  or  i njec ted 

i n to the economy c an be c alcul a ted , assum i ng that chang es in taxes do not 

a l ter  othe r aspec ts of  behav iour . 

[ 1 ]  The d e f i n i t ion of  i ncome used was a nat ional accoun ts d e f i n i t i on of 
i ncome , i nc l ud ing i nt e r es t  r ec e i pts but exclud i ng i n f l at ionar y losses 
on l i qu i d  asse ts and g a i ns and losses on i ll iquid asse ts. 
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3 One othe r feat ur e of common pr ac t ic e  i n  mac roec onom ic mode l s  should be 

no ted . They a l l  use sea sonal ly ad j us ted d ata , s i nc e  non-spec i al i s t  consume r s  

o f  fo r ecasts f i nd i t  e a s i e r  to i n te r pr e t .  Muc h o f  the theo r y  unde r l y i ng 

ex i st i ng consumpt ion func t ions r e lates to un ad j us ted d ata . It wi l l  be seen 

that th i s  c auses po ten t i al ly s e r ious problems [ see al so Wa l l i s  ( 1 97 4 ) ] . 
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3 

Developments i n  the theor y  o f  consumpt ion 

4 Ke yne s  ( 1 9 3 6 )  has been inte r pr eted by many econom ists as sug g e sting that 

con s um ptio n  depe nd ed on actual or ' absolute ' levels o f  pe r sonal income , [ 1 ] 

whe r eas late r autho r s  [ eg Fr iedman ( 1 9 5 7 ) and Ando and Mod ig l i an i  ( 1 96 3 ) ]  

emphas i sed long e r - r un dete r m i nants . Fr iedman sug g ested that consumption 

d epe nd s on l i fetime expected i ncome o r  pe rmanent income ; h ence fluctuation 

in actual or tr ansito r y  i ncome ar e not accompan i ed by chang es in consumption , 

but by sav i ng s  b e i ng i nc r eased o r  d r awn down . Ando and Mod ig liani fo rmulated 

the li fe c ycle hypothe s i s , that con sumption depends on the stag e o f  the 

i nd iv id ual in the li fe c ycle , with d issav i ng in young adulthood , and sav i ng 

late r i n  wo r k i ng li fe to cate r fo r r eti r ement whe n  sav i ngs a r e  d rawn down . 

These long - r un theo r i e s  ar e d i sti nc t ,  but har d to d i sentang le empi r ically. 

The y  both sug g e st that consumption should emp i r ically d epend on cur r ent 

and lag g ed income and we alth , and we r e  followed in the use of i ncome as a 

r eg r e sso r  i n  most o f  the consumption functions est imated ove r  the 1 96 0s . At 

the time , the se equat ions we r e  also deem ed stable and p r ed icted well . 

Howev e r , i n  the ear ly 1 97 0s ,  i n flation began to r ise and con sumption fa iled 

to r i se w i th r eal i ncome ( at least as d e f i ned by the national accounts ) ; 

i nstead the sav i ng r at io r ose to r ecord levels and the equat ions b r o ke down . 

( Th i s  d i ff iculty i s  d iscussed in Tbwne nd ( 1 97 6 ) . )  An early solution to this 

problem wa s pr opo sed b y  Tbwnend i n  the same pape r , i n  the form o f  an equation 

dete r m i n i ng consumption by r eal l i quid assets as well as by i ncome . One 

r at ionale i s  that an incr ease i n  i n flation r educ�s the r eal value o f  l i qu id 

assets and depresses con sumption ,  as i nd iv iduals save, more i n  an attempt to 

r ebuild the i r  asset stoc ks i n  r eal ter ms .  

5 A f ur the r d ev elopment i n  expla i n i ng consumption is due to Dav idson , 

He nd r y  et al ( 1 97 8 ) . Th e i r equation b asic ally r elates the four th d i f f e r ence 

of the log of con s umption to the four th d i f f e r ence of the log of i ncome and 

the log o f  the consumption/ i nc ome r ati o , lag ged four quar te r s .  

[ 1 ]  Th i s  i s  not str ictly cor r ect . Ke yn es '  macr oeconom ic the o r y  was 
expr essed i n  te rms o f  wag e un its , hence h i s  consumption function was 
( C/ W) = a + ( Y/W) , wher e  C = consumpt ion , Y = i ncome , W = nomi nal wag es . 

Expr e ssed i n  r eal ter ms ,  one obtains ( C/ P )  = a ( W/P)  + ( Y/P) whe r e  the 

inte r c ept var ies wi th the r eal wag e ,  P b e i ng a pr ice de flato r . 
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6 The l agged lev e l s  term cor r e sponds to ' pr opo r t ional con trol ' [ fr om the 

opt imal con t r ol l i te r a t ur e ,  see Ph i l l i ps ( 1 9 54 ,  1 9 57 ) 1 , wh i l e  the d i f fe r enc e  

term car r i e s  o u t  ' de r ivativ e  con tr ol ' .  The d e r ivat ive term g iv e s  the e f fec t 

of chang e s  in i ncome on chang e s  in con s umpt ion . The pr opo r t ional te rm 

impl i e s  that i f  con s umpt ion a ye ar ag o we r e  h ig h  r e l at ive to i ncome , the r e  

would be less con s umpt ion now , and v ic e  ver sa . The pr opo r t ional te rm 

a l so ensur e s  that the equat ion has a l ong - r un sol u t ion of  pr opo r t ional i t y  

between con s umpt ion and i ncome i n  a s te ad y  state con s t an t  g rowt h equ i l ib r i um ,  

w i th the l evel of the consumpt ion/ i ncome r at io a f unc t ion o f  the g rowt h  r ate 

of i ncome . Th i s  propo r t iona l i ty i s  i n  l i ne wi th the theo r i e s  o ut l i ned 

e ar l i e r , as i s  the d epe nde nc e  of the r at i o  on the g r owt h r ate of i ncome . 

7 Bo th the Dav id son-He nd r y  and the Tbwnend equa t ions d eterm i ned the 

con s umpt ion of non-d ur ab le , r athe r  than a l l  g ood s .  Th i s i s  con s i stent wi th 

tests wh ich r evealed that dur abl es had ver y d i f fe r en t  d e te r m i nan ts f r om 

non-dur ab l e s  [ see Mi zon and Hend r y  ( 1 9 8 0 ) , who found an e r ror feedb ac k  

con s umpt ion func t ion i nappr opr i a te for expl a i n ing purcha se s  o f  d ur abl es i n  

Canad a ,  and Dav i s  ( 1 9 8 1  a and b) who found a we ake r f i t  fo r spec i f ic at ions 

expl a i n i ng agg reg a te consumpt ion than non-d u r ab l e  consumpt ion 1 .  These 

d i f fe r ence s  i n  d e te r m i nants are r e lated to the d i f fe r e n t  n a t u r e  of  d ur ab le 

and non d ur ab le g ood s .  Dur ab les prod uc e a f l ow o f  se rv ices ove r  time , l i ke 

a c ap i tal good , whe r ea s  non d ur ab l e s  are as s umed to be cons umed at the s ame 

t ime as they are purchased . 

8 Hav i ng g iven a r o ug h  out l i ne o f  the d evelopmen t  o f  the c on s umpt ion 

f unct ion from Ke yne s  to the r ecentt ' state of  the ar t ' , one may t ur n  to the 

i nd iv id ual spec i f ic a t i on s  that hav e  been propo sed . 
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4 

S pec i f icat ions o f  the consumpt ion f unct ions te sted 

( A) The Townend equat ion 

9 Town end , s hypothe s i s  wa s that the h ig h  s av i ng r at io s  o f  the mid 1 97 0 s  

we r e  d ue to the e ffec t s  o f  i n fl at ion o n  the real v a l ue o f  n e t  l i quid asse t s , 

an e f fec t that can be r at i onal i sed e i ther by cons umer s '  attempts to rebu i ld 

these s toc k s  r e l a t iv e  to the i r  i nc omes or by l iquid assets b e i ng an 

i nd ic at ion o f  the tr ue r e so u r c e s  av a i l ab l e  fo r an i nd iv i d ual ' s  con sumpt ion i n  

the long r un .  • 

1 0  He comme nced wi th the equa t ion fo r non dur ab l e s  that wa s 

pr ev i o u s l y  used i n  the Bank o f  Eng l and sho r t  term model , an equation 

t yp i c al o f  tho se wh ich fo recast consumpt ion we l l  t i l l  the ear l y  

1 9 7 0s .  Th i s wa s :  

C
t

= K + a ( Y-CG)
t

+ 0 . 6CG
t

+ 0 . 3CG
t_ 1 

+ 0 . l CG
t_ 2  ( 1 )  

+ b ( C
t_1

-O . 6CG
t_1 

- 0 . 3CG
t_ 2  - 0 . lCG

t_3
) + D

i
+ U

t 

whe r e  U
t 

= U
t_1 

+ € 
t 

whe r e : 

C = con s umpt i on o f  non d ur ab l e  good s  

Y i ncome 

CG cur r e n t  g r an t s  

D d umm i e s  for the 1 9 6 8 ,  1 97 3  budgets 

U auto r eg r e s s i v e  e r r o r  term 

€ wh i t e  no i se e r r or term 

The equa t ion r e l ated real con sumpt i on o f  non d ur ab le s  to l ag g ed r e al 

con s um pt ion and cur r e n t  r e al i ncome , s ubd iv ided i n to i ncome f r om g r ants 

and othe r i ncome . The assumpt i on wa s that c ur r ent g r ants we r e  con s umed mor e  

r apid l y  t ha n  othe r i ncome ; thus the coe f f i c ients on g r an ts we r e  impo sed 

b e fo r e  e s t imat ion to ach i ev e  a long r un pr opens i ty wa s un i t y .  Th e  i nc l us i on 

o f  the l ag g ed depend ent v a r i ab l e  c an b e  r a t ional i sed i n  te rms o f  hab it o r  

pe r s i stenc e  i n  spend i ng d ec i s ions , a s  a par t i al r e spo n se t o  c ur r ent i ncome ; 

o r  i n  terms o f  the adjustment o f  cur r e nt to permanent i ncome . 
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1 1  After exten s ive tes t i ng , Townend prefe r r ed a spec i f icat ion whe r e  

con sumpt ion depends o n  permane n t  income , (YP )  w i th the inclusion o f  a te r m  i n  

the r e a l [ 1 J s tock o f  net l iqu id assets , ( L) . Th is was : 

Ct 

whe r e  pe rmanent income was d e f ined us i ng the d istr i buted l ag : 

(X) 

( 1 -d )  L: d 
i 

Y 
t- 1 

i=O 

( 2 ) 

( 3 )  

and hence , comb i n i ng ( 2 ) w i th ( 1 )  and mak i ng the ' gr ant i ncome ' d i s t i nct i on 

noted above : 

C* 
t 

whe r e  C* 
t 

and y *  
t 

C
t

- 0 . 6  CG - 0 . 3  CG
t_ 1 

- 0 . 1  CG
t_ 2  

Y
t

- CG
t 

( 4 )  

The equat ion ( 4 )  r eq u i r ed e s t imat ion b y  non- l i ne a r  means to sat i s fy the 

restr ic t ion that the coe f f ic i ent on L
t_ 1 1 /2 

is equal to the prod uc t  of 

those on L
t- 1 /2 and C*

t_ 1
. The mov ing ave r age e r ror  p r oces s  and assoc i a te d  

r e st r ict ions we r e , i n  pr act ice , p rox ied b y  a f i rst o r de r  au to r eg r es s ive 

process . I t  was both e s t imated and u sed on seasonally adjusted dat a .  

1 2 Th i s  spec i f icat ion was used i n  the B a n k  of  Eng l and quarte r l y  mode l 

unt i l  m i d  1 9 8 1 , whe n  i t  was fe l t  that the i nd ic ated shor t r u n  ma rg i na l  

prope n s i t y  to consume had become u n r ea l ist i c a l l y  sma l l  w i th the latest data 

r ev i s ions , a nd a Hend ry-von U ng e r n  Ste r n be r g  type equat ion was subs t i tu ted . 

1 3  Var ious c r i t ic i sms o f  par t ia l  adjustment mode ls of th is type have 

been made . F ir stly , i nva l i d  e xc l us ion of lagged i ncome f r om ( 4 )  may r es u lt 

in a skewed d i s t r i bu ted l ag r e l at i onsh i p  between i ncome and consumpt i on 

with a large mean lag when the coe f f i ci ent on the lagged dependen t  var i able 

( ldv ) i s  la rge ( the lag d e r i ved f rom an u n r estr icted equat ion need not 

[ 1 J P e r son ' s  g ross hold i ng s  of l iqu i d  assets m i n us pe rson ' s  bank bor rowing , 
de f lated by the pr ice de f lator for consumpt ion of non-du r able goods . 



- 12 -

h av e  these pr ope r t ie s  d e spi te hav i ng the s ame coe f fc i e n t  on the Idv ) • Th i s 

m ay g iv e  an un r e al i st ic al l y  slow s pe ed o f  adjustmen t ; i n  pr ac t ice , t h i s  

pr ob l em h a s  been expe r ienc ed wi th t h i s  equa t ion , to a s te ad i l y  wor se n i ng 

d eg re e . Ove r the ye ar s ,  t he coe f f ic ient on Y
t 

tend ed to fal l and that on 

C
t_ l 

to r i se [ see Midg l ey (1981)]. Second l y ,  a s  no ted , t he Tbwnend 

d e r i v a t ion en t a i l s  a mov i ng ave r ag e  e r ror term . Th i s means that e s t imates 

ar e i ncon s i s te n t  for the coef f i c i e n ts on the i nd epe ndent var i ables , and 

w i l l  hav e  incon s i s te ntly e s t imated s tand ard e r ror s ,  i f  the common fac tor 

r e str ic t ion impl ic i t  in equat ion ( 4 ) i s  i nv al id . Deaton (1980) has m ade a 

par t ic ul ar l y t r enchant c r i t ic i sm o f  thi s  t ype . In fac t ,  the Tbwnend 

equat ion c an be shown to be a v a l id r e st r i c t ion , u s i ng a common fac tor 

r e s t r i c t ion , o f  a mor e gener al model [Dav i s  ( 198 1b ) ] ,  so t h i s  second c r i t ic i sm 

i s  no t tot al l y  v al id . 

1 4  Al l o f  t he r e s t  o f  the equa t ions to be con s idered con ta i n  the basic 

featur e s  o f  the Dav i d son- He nd r y  ( DHSY) equat io n  noted above ; v i z  an e r ror 

co r r ec t ion fo rm ul at ion wi th long - r un pr opor t ional i ty of i ncome to 

consumpt ion , spec i f i cat ion i n  log form , cho ice o f  non-dur ab l e  consumpt ion 

a s  the v ar i ab l e  to be expl a ined and ( us ual l y )  four per iod d i f fe r e nc i ng . 

( B) The Dav i d son-Hend r y  equation ( DHSY) 

1 5  As d e sc r i b ed abov e ,  t h i s equation was b as i c al l y  a d i f f e re nc e  equa t ion 

w i th a l ev e l s  term , r el a t i ng cons umpt ion ( C) to i ncome ( Y) , i e  

a6
4 

I n  Y
t 

+ bIn ( C/Y)
t_ 4 

+ V
t 

( 5) 

V
t 

i s  a wh i te no i se e r ror term 

'!h i s  spec i f ic a t io n  c an be der ived f r om a mor e g ener al equa t ion : 

l n  C = 
t 

81 I n  Y + 
t 

82 I n  Y
t - 4  

+ ex
l 

In C
t_ 4 

+ V
t 

( 6 ) 

b y  a ppl y i ng t he r e st r i c t ion 

B1 + 82 + ex 1 
= ( 7 )  
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1 6  Dav id son , Hend r y  et al ( 1 9 7 8 )  added te r ms in the log of con s umer pr ices 

( l nP
t

) to th i s  spec i f ic at ion to accoun t for  the cor r e l at ion o f  the sav i ng 

r at i o  wi th i n flat ion ( tho ug h no t necessar i l y  expl a i n i ng i t ) . '!he i nc l us ion 

o f  these te rms al ter s the long - r un con stan t g rowth equi l ib r ium to 

C/Y B ( g  , P )  ( 8  ) 

whe r e  the cons umpt ion/ i ncome r at io i s  r e l ated to steady state i n fl at i on 

(p) as we l l  as g rowt h ( g ) , hav i ng pr ic e l evel homoge ne i t y  a s  we l l  

a s  un i t  i ncome e l ast ic i t y .  Ne i the r o f  the se r e st r ic t ions we r e  r e j ec ted b y  

the data . 

1 7  The i nc l us ion o f  ' acc el erat ion terms ' i n  i ncome and pr ic e s , d e f i ned a s  

�
1

�
4

) could al so no t be r e j ec ted when i nc l ud ed i n  a g e ne r al mod e l . 

g av e  the fol lowi ng equat ion : 

'!he se 

1 8  '!h i s  equat ion can be r at ional i sed by a ' feedbac k '  theo r y  accor d i ng 

to wh ich cons ume r s  pl an to spend i n  e ach qua r ter o f  the ye ar the same a s  

the y  spe n t  i n  the same quar ter o f  the pr ev ious ye ar ( l n C
t 

= l n  C
t_ 4

) 

mod i f i ed by a pr opo r t ion o f  the ann ual chang e  i n  i ncome ( �
4 

l n  Y
t

) ,  a nd 

whe ther i ncome g rowt h wa s i nc r e a s i ng o r  dec r e a s i ng ( � 1
�

4 
l n  Y

t
) � t he se 

C 
form the ' sho r t- r un '  con sumpt ion dec i s ion , wh i c h  i s  al ter ed by l n  (Y)

t- 4' 

the feedbac k  f r om the pr ev ious C/Y r at io ,  e nsur i ng cohe r enc e wi th t he 

long r un ' targ e t '  outcome C
t 

= KY
t

• Th e  add i t ion o f  i n fl at ion and 

acceler at ion of i n f l at ion terms impr ov ed the ' f i t '  of the equa t ion to the 

data and i ts for ecast ing pe r fo rmance . I t  wa s adm i tted that the pr ice te rms 

we r e  con s i stent wi th sev e r al theo r i e s  o f  i n f l at io n  e ff ec t s  on consumpt ion , 

for example Deaton ' s  ( 19 7 7 )  s uggest ion that con s ume r s  m i stake i nc r ea s e s  i n  

absol ute pr ices fo r c hang e s  i n  r e l at iv e  pr ices whe n  seque n t i a l l y  p u r c h a s i ng 

good s ,  a nd the e r os ion o f  the r e al v al ue o f  l iquid "
asse t s  a s  s ug g e sted by 

Townend ( 1 9 7 6 ) . Fur the r l ig h t  wa s cast on pr ice e f fec t s  i n  cons umpt ion 

f unc t ions b y  l ater wor k� in par t ic ul ar , Be an ( 1 97 8 )  and Hend r y  a nd 

von Ung e r n Ster nberg ( 19 7 9 ) . 

1 9  Other featu r e s  o f  the equat ion are o f  note . '!he equat ion i s  i n  l og s� 

t h i s c ho ice wa s par tl y  d e t e r m i ned by g oodness o f  f i t  r ather than theo r e t i c al 
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considerations!l], though also a log formulation has more tractable 
mathematical properties in a steady growth equilibrium. 

20 The equation is specified in fourth differences, and seasonal dummies 
are excluded, implying the assumption that seasonality is not evolving. 

Such a formulation facilitates use of non-seasonally adjusted (sua) data, 
which are likely to convey more economic information than seasonally 
adjusted (sa) data, and are more econometrically acceptable because the 
different filters that are used for seasonally adjusting different 

variables can be shown to bias the resulting estimates [see Wallis (1974) ]. 

This problem is discussed further below (Section 6 and Appendix 1) . 

(c) The Treasury consumption function (HMT) 

2 1  Bean ( 1978) modified the initial Davidson-Hendry (1978) equation. 

He found that 641n (L /Y ) (where L is the real liquid asset stock) had 
t t 

no statistically significant effect when added to the basic DHSY equation (9) 

but, like DHSY, found a strong effect of 641nPt• He explained his 

specification in terms of an orthodox portfolio adjustment model with real 

and money-fixed assets. 

22 Equation (9) was thus interpreted as: 

a t\ In Y t + b 6
1

6
4 ln Y t 

+ T)641n W t ( 10) 

with 64 In W replacing In (C/Y) t_4 and 64 In Pt. For Bean's proof of 

this explanation and definition of T), see footnote [2] below. 

[1] The choice was based on Sargan's ( 1964) approximation to the likelihood 
ratio test [see Aneurin Evans and Deaton (1980) ]. 

r = s.Yg 
S 

where s is the standard error (se) of the log equation; S is the 
se of the natural equation; and Yg is the geometric mean of the 

( 11) 

dependent variable. If r>1 the linear 'fit' is better, if r<l the 
log 'fit is better though no significance tests can be applied. 

[2] Bearing in mind the long-run dynamic equilibrium of DHSY (11) , 

C = KY 

when K = exp (cont) 

( 12) 

(13 ) 



- 15 -

23 Bean assessed the effect of the fourth difference of real net liquid 

assets but again found it insignificant, as was 'rational money illusion' ie 

the Deaton (1977) effect of unanticipated saving occurring for as long as 

actual inflation exceeds the expected rate. Interest rate and credit 

effects were also found insignificant or wrong-signed. 

24 The acceleration of the unemployment rate 6164ln U was also included. 

The significance of this variable can be explained in several ways; for 

example greater uncertainty when unemployment accelerates might lead to 

increased precautionary saving. Alternatively the involuntarily unemployed 

might be viewed as 'income constrained' in a elower (1965) sense and hence 

might behave differently from agents who are on their labour supply function 

and are thus unconstrained. [This hypothesis was first explored in Flemrning 

(1973)]. Bean found that one could not reject the hypothesis that those 

constrained (as proxied by the percentage rate of unemployment) obeyed a 

consumption function e = KY where K = 1, while the unconstrained followed the 

portfolio adjustment model noted above. 

(cont) 
a similar relation can be derived for the wealth/income ratio in dynamic 
equilibrium. If W = real wealth at the start of the period, W* = nominal 
wealth, 8 = the fraction of the portfolio in money fixed assets and 
k = the wealth income ratio, then one can hypothesise that: 

(1 4) 

where S is the level of saving (income minus consumption, where income 
includes capital gains), and thus 

k(1 +6lnY) = (1 - 8 1np)k_
1

+ (S/Y)_1 

If 1 ( 1  - 86 lnP)/(1 + 6 lnY) 1< 1, then using equation (13) and the 
approximation In(e/y)� -SlY, in equilibrium 

(15 ) 

k = [(a - 1)6 41nY+c64lnP]/e(6lnY + 86lnP) (16) 

so near equilibrium, equation 9 can be expressed 

641n W � 4 (S/kY) -4 -864lnp 

'" 
'" -4ln (e/y) _4/

k -864lnp 

(17 ) 

(18 ) 

and equation 9 can be interpreted as an equation of the following form 

641n e = a64lnY + b61
64ln Y + n64ln W 

(ie with 64lnw replacing In(e/Y)t_4 and 6
4lnP) 

where n = -c/8 = - ek/4 

Solving equations 9 and 14 for k, assuming 64lnY � 4 6 lnY, gives 

k = 4(a-1)/e 

which yields a value for the equilibrium wealth/quarterly income 
ratio of around 20 and a value of 8 of 33% for typical values of the 
parameters. These were felt to be reasonable approximations to the 
actual values (ie the average over historic data). 

(19 ) 

(20 ) 

(21 ) 
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25 The above considerations led Bean to conclude that the equation: 

3 
�4lnC

t 
= E a

i
�4ln 

i=O 

(22) 

adequately described the data, where D
t 

are dummy variables and U
t 

is the 

percentage rate of unemployment. The Almon polynominal on the fourth 

difference of the log of income was used to smooth the first year response. 

26 It should be noted that Bean used unadjusted data to test and to find a 

preferred specification then re-estimated it using seasonally adjusted data 

for use in the Treasury model. 

adopt, see Appendix 1. 

This may not be the best technique to 

(D) The London Business School consumption function (LBS) 

27 Like the DHSY and HMT equations, this specification is based on the 

error-correction formulation of aggregate consumer behaviour, with the 

additional dependence of consumption on prices, though with the omission of 

the fourth lag of consumption. The specification, as given in the latest 

London Business School Manual ('98 1 )  is: 

�lln C
t 

=�lln C
t-1 + b�lln C

t_2 +c�lln Y + d�
2 lnY

t_2 

C 
+ eln ( 

t-3
) + f�

lln Pt + g�l 
11

,1n Pt-1 + h�lln Pt-3 + j
i

D
t 

(23) 
Yt-4 

28 No details are available of the derivation of this equation. The 

dependent variable is specified in first difference form, in contrast 

to the other equations. This might be a more appropriate formulation 

than fourth differences on the seasonally adjusted data which is used 

(see below, p 26), as the danger of higher order autocorrelation may be 

reduced. 

29 The functional form used, unlike the simpler rational lag of HUS , 

does not guarantee a smooth response to income with a superimposed seasonal 

pattern (see Figure 1 p68). The proportional adjustment term does ensure a 

long-run solution to the equation. 

used on seasonally adjusted data. 

The LBS equation was both estimated and 
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( E )  The Hendry and von Ungern Sternberg consumption function (HUS) 

30 The results discussed in ( B-D)  above found no role for liquid assets 

in consumption analysis, ( It • • •  the positive results found by Townend, 

may be a consequence of specification errors" (Bean (1978 p12» . However, 

Hendry and von Ungern Sternberg (1979) suggested that inflation had been 

dealt with wrongly in most earlier work, leading to the insignificance of 

liquid assets in equations. Since inflation erodes real wealth, then if 

agents have a target ratio of wealth to income, a part of nominal incomes 

needs to be devoted to restoring the real value of wealth. A new measure of 

income, denoted Y*, was defined, as the accrual which would leave wealth 

intact. This is of course lower than cash flow when there is inflation, as 

inflation causes the real value of assets to fall, offsetting the increases 

in interest receipts which occur in inflationary periods and cause apparent 

boosts to incomes and savings ratios. This should imply that the true 

saving ratio (with y* as the denominator) would be lower than the measured 

ratio. The problem is that one cannot observe either the 'true' y* or 

wealth. The simplest solution is to substitute real net liquid assets for 

wealth. If no nominal capital gains are made on liquid assets (Lt)then 

erosion by inflation {p)is measured by PLt. If all private wealth 

were liquid assets then y* = y-p L
t

• The problem is of course, that 

there are other assets such as housing, gilts and equities whose nominal and 

real values may rise when inflation occurs. Also, to the extent that the 

corporate and banking sectors achieve a gearing gain in inflation, (as the 

value of their liquid debt falls) the value of their shares will be higher, 

and households who hold them will be better off (the same argument might 

apply to government nominal debt and the discounted present value of future 

taxes) • These considerations suggest that the correction pL exaggerates 

the erosion of personal sector net wealth, and hence 

y* = Y - A pL (24) 

was used, with A found by grid search to minimise the residual sum of 

squares. Using this method H US found A to be 0 .5. Using y* instead of Y 
meant that expressions in P

t 
were no longer required in the consumption 

function. Hence a criticism of the earlier work was removed, namely that 
inflation had an unbounded effect on the saving ratio. Instead, all one 
could lose from inflation was liquid assets ( = 0 .75 of annual Y); so if 
p -+<x> there would still be a quar ter of income left to consume per annum, 
even if A were 1. 
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3 1  The second major development over the ear lier equations was the 

addition of a thi rd control mechanism to the proportional and derivative 

mech anisms present in DHSY ( see paragr aph 6 ) . I t  was felt that equation 9 

had an incomple te dynamic speci fica tion because it omitted the ef fect o f  

changes i n  the latent asset stoc k ,  A (inc luding consume r dur ables)  when 
t 

expenditure is unequal to income . Proof is given be low[ l ]  that al lowing 

for such considerations implies addition of an 'integ r a l  cont rol mechanism' , 

the assets/income r a tio to the other con trol mechanism s .  

3 2  I f  one al lows liquid assets ( as de fined i n  footnote [ 1 ] ,  pl l )  t o  be a 

proxy for all  asset s , these conside r a tions suggest th at one should add 

[ 1 ]  Let A
t 

be the latent as set stoc k .  De fine A
t 

by : 

A is the sum (or  'integ r al' ) of a ll past saving 
t 

Assume that 

( 25 )  

agen t s  wish to maintain constant r atios of A
e

= B*Y and C
e

= K*Y ( as be for e)  
in dynamic equilibrium ( denoted e )  whe r e  for  consis tency with ( 2 5 )  
K* = 1 -[g/ ( l  + g} ] B* . O f  cou r se , the forme r may be par ticular ly 
unreasonable , e specially if assets are proxied by liquidity , as it is likely 
that desired liquidity/ income ratios are v ariable , and depend on such 
factor s as real  per sonal disposable income ( RPDI ) ,  wealth , interest r ates , 
inf la tion and unce r t ainty , and similar dete rminants wil l  affect the 
re lationship between othe r assets and income . Also , the possible con f lict 
of two targets , both based on t r ans formation s  of the same absolute distance 
be tween two variables , Y and C ,  may cause conf lict in the model [see Salmon 
( 1 9 8 2 ) ] .  I n  log s ,  ( 25 )  can be written as a steady state approximation : 

6
1 

lnA� (wher e  H* = (1 + g ) /B*} ( 26 ) 

whe re 
e 

K* + l nY
t} ( 27 ) lnC

t 
= 

} giving desir ed leve l s , 

and 
e 

lnA
t 

} 
B* + l nY

t } ( 28 ) 

These targets would not be exac tly achieved as the outcomes are stochastic , 
and equation 2 6  is only a steady s t ate approximation to equation 2 5 . To 
model agents assigning priorities to removing disequilibria , assume they 
have a quad r a tic loss function whe r e  the fir s t  two terms are the relative 

cost s  attached to disc r epancies between p la nned values ( supe r sc ript p)  and 

their s teady state outcomes ( super script e) . Also , to pen alise violent 

r e sponses to r andom f luctuations assume agents attach costs to ch anging 

cP f r om C
l
' though with an offset term to al low more adjustment at a 

t t-

(cont)  
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In (Lt-4/Yt-4) to the equation. It would be expected to have a 

positive sign, so that, if agents have excessive asset holdings, they will 

consume more, and vice-versa. 

(cont) 
given cost when Ce has changed compared with when it is constant, so as 
not to penalise q5adratically changes in cP when it is known that 
cP has changed. This is in contrast to p�rtial adjustment models, 
w�ich enforce quadratic adjustment costs irrespective of how much the target 
is known to have changed. Thus one can choose the one period loss function 

Inqt = A1 (lnA� - InYt - B* ) 2 + A2 (lnC� 2 InY - K*) t 

where Ai� o. Since one might expect Y to be uncertain, the 
objective should be to minimise E (q ) (tfie expected value of the 
loss) with respect to c� , taking ac�ount of equation 26 holding 
for planned quantities. Then, setting dE (q ) /e C� to zero 
gives a 'servomechanism' solution: t 

'V 

( 29) 

6,lnCt =80 +816,lnYt +8
2 (lnYt_1- lnCt_,) +83 (lnAt_1- lnYt_1) + ut (30) 

'V 
where 61lnYt = E (lnYt) - In Yt-1, 

lnC - lnCP = Ut 'V N I  (0, a2u) t t 

independently of cP 
t and 8.£ (0, 1) ;  also 

il. 

8 ( �K* - A H* b* ) /,¥, 0 1 
8 [H* A (H*-') + A2 + 1.4) /'1', 1 1 

8 (H* 2
A + A2) /'¥, 2 1 

8 H* A /'¥ and 3 1 

'1' (H* 2A +A2+A3) , 

( 31 ) 

The variables in equation 30 correspond to derivative, proportional and 
integral control mechanisms (though the derivation here has only rested on 
one period optimisation) . 
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33 The first difference of lagged real liquid assets is also included (as 

in Townend) to 11 strengthen der ivative control and dampen any potential 

oscillatory behaviour generated by the integral correction mechanism" [Hendry 

and von Ungern Sternberg (1979) p18]. 

34 Seasonality is treated differently in HUS, with seasonal dummies included 

to give a seasonally varying MPC . The full equation is: 

2 
L (3-i)a

i
�4lnY� + b�lln L

t_1 + cln (�)
t-4 

i=O 

C 
+ dln (y*

)t-4 + cnst + D
t 

+ Q
it 

2 

(32) 

where Q. are quarterly dummies, and 
1 

l: ( 3-i) is an imposed linear 11 Almon" 
i=O 

with declining weights. 

35 The long-run equilibrium solution of this specification is 

(C/y*) f(g, L/Y*) 

or (C/Y) = f(g, p, L/Y) 

(33) 

( 34) 

It hence differs from the specification described in ( B) above in that the 

liquid assets/income ratio affects the consumption/income ratio. The 

long-run solutions are only equivalent when (L/Y) is constant. 

36 It should be borne in mind that HUS was estimated using 

unadjusted data throughout. 

37 The following two equations are more recent developments of the 

HUS specification. 

(F) The NIESR consumption function 

38 The HUS function may be criticised in several ways. As noted, it 

merely proxies possible capital gains made elsewhere: second, it allows 

only crudely (via A) for the possibility that the desired stock of real 

liquid assets falls during inflationary periods: third, the imposition of a 

constant equilibrium liquid assets to adjusted income ratio is very 

restrictive, as is the assumption of an identical lag response of C to Y and 

p.L. In Cuthbertson (1981) inflation losses were split from income, to 
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allow the lag response of consumpt ion to 'normal' income to d i f fe r  f rom the 

response to ' i nflat ion loss' income . 

3 9  In th is 'un restr icted' HUS equat ion, the chosen spec i f icat ion for 

in flat ion losses was 

IL ( 3 5 )  

4 0  I f  one makes th is  adjustment to the HUS spec i f icat ion and e s t imates 

us i ng seasonally unadju sted data , the l iqu id asset to unadjus ted i ncome 

r a t io ( L/Y ) 
4 

becomes ins ign i f icant, thus r emov ing the imposed equ il i b r ium 
t-

l iqu id asset r a t io from the spec i f i cat ion, wh ile ' inflat ion losses ' ( IL )  and 

the lagged d i f fe r ence of real g ross l iqu id asse t s  r emain  s ig n i f icant, g iving  

the equa t ion [see N IESR ( 19 8 1) ] : 

(G )  Hend r y ' s  more r ecent HUS formulat ion 

41 Some development has been car r i ed out by Hend r y  on th is equat ion 

( 3 6 ) 

s ince h i s  or ig i nal a r t icle . Fir st, i t  was felt that the "Almon" ( 3- i )  

appli ed to 64 
InY*

t 
in HUS was le ss data cohe rent than the DHSY 

par ame ter i sat ion 6
4

1nY*
t 

and 6
1 64 

In Y*
t 

( though the latter om i ts 

Y*
t-2' Y*

t-3 
and Y*

t-6
) · Second, the dating of  the (L/Y ) integ r al 

cor r ect ion te rm was changed to a one per iod lag, r athe r than a four pe r iod 

lag . Th i rd, the ' real ' interest r ate was allowed to af fect e/y, i n  the form 

(In r - 6
4 

In p 
1

) whe r e  r = ( 1  + roi/10 0 )  and the chosen interest 
t t- t 

r ate ( ro i )  was the r ate on 2 1/2% consols, a measure i n flue nc i ng l iqu i d  

assets and proxyi ng gene r al inte rest r ates . [ l ]  Such a var i able m ight 

also captu r e  the ' we alth e f fect ' of r i s i ng ( falli ng )  r eal inte r es t  r ates, ie  

incr eases ( r educt ions ) in  the v alue of  ill iquid assets and l i ab il i t ies o f  the 

pe r sonal sector such as equ i t ie s .  [2] ' Pe rmanent income ' theor ies o f  

[1] Th is cho ice of i nter est r ate and deflator can be cr i t ic i sed, as the y  
relate to wholly d i f fe r ent t ime per iods . 

[ 2] The nom i nal interest r ate is also relevant to 
not the real interest r ate . It is not known 
that the coe f f ic i ents on In r and 6 In p 

t 4 t- l  was tested . 

the value of  g il t s, but 
whether the cons t r a i nt 
are equal and oppos i te 
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consumpt ion woul d  ag r ee that such chang e s ,  i f  sustai ned , should influe nce 

cons umpt io n .  Othe r r e se ar cher s ( Be an ,  Tbwnend )  hav e al so tr ied to introduce 

i n te r e st r ate s to the i r  spec i f icat ions , wi thout succe ss . It i s  poss i b le 

that the real  l i qu id asse t/ i n flation var iab les i n  such equat ions hav e  

captur ed th i s  we al th e f fec t in  such a way that r e al interest r a te s have been 

unab le to e x e r t  a d i scernable d i s t i nct i n fluence dur i ng est imation . 

4 2  The spec i f ication i s  thus 

and the long run solut ion i s  of the form 

( C/Y ) = f ( g , p ,  r * , L/Y ) 

( H )  The Pesar an-Evans speci f icat ion 

( 3 7 )  

( 3 8 ) 

4 3  The mos t r ecent con tr ibut ion i n  the field of the consumpt ion func tion i s  

a pape r  by Pe sar an and Evans ( 1 98 2 ) . Si nce the i r  spec i fication i s  annual , 

determ i ne s  agg r eg ate cons umpt ion , and i s  not fo r use in  a for ec ast i ng model 

i t  i s  no t anal ysed in deta i l  in the fol lowi ng sect ion . 

of  the pape r  shoul d be noted . 

However , the approach 

4 4  The i r  fund amental po int i s  a cr i t ic i sm of HUS for om i tt ing capi tal 

g a i n s ; i t  i s  argued that g ai ns and losse s on g i l ts and equi t i es as we l l  as 

the ' i n f l a t ion tax ' on l i quid asse ts ,  shoul d be added to r aw income to 

pr oduce 'ad j usted income' . 

4 5  The i r  pr e fe r r ed equation i s  l in ear , i n  level s :  

S
t 

- 8 S = a ( 1 - 8 ) - b (P
t t t- l t 

1 -P
t 

- d [ ( h/y)
t 

- 8
t

( h/y)
t_ 1 

- ( q/y)
t 

+ 8
t

( q/y)
t- 1

] 

whe r e  S
t 

i s  the sav i ng r at io 

8 i s  the inver se of the r ate o f  g rowth of nom i nal i ncome 
t 

P
t 

i s  the i n f l ation r a te 

Y
t 

i s  r eal pe r sonal d i sposab le i ncome ( RPDI ) 

( h/y)
t 

a r e  g a i n s  on i l l i quid asse ts as a pr opo r t ion o f  RPDI 

( q/y)
t are los ses on l i qu id asse ts as a propor t ion of RPDI 
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This equa t ion is obtained f r om the l i fe c ycle consumpt ion func t ion 

C
t 

= a + b ( Y*
t

) + c ( W/P ) + V
t 

[ wher e Y� = Y
t 

+ ( h/p)
t 

- {q/P)
t 

and W
t 

is we alt h ]  by use 

of the stoc k- flow r elat ion , 

W
t 

- W = P y* - P C
t t- l t t t 

and var io us r est r ic t ions on the r ed uc ed fo rm coe f f i c i e n ts .  

( 4 0 )  

( 4 1 )  

46 One of the i r  r estr ic t ions , wh ich is accepted by the data , i s  that the 

sig ns on i n flation losses and c api tal g a i ns should be equal and oppos i te .  

They arg ue that th is should i n  any c ase apply on a pr ior i g ro unds , an arg umen t  

wh ich seems t o  ig nor e  the hold i ng of pe r sonal sec to r g ilts and equ i t ies by 

pr oxy ( v ia l i fe and pens ion funds) , a r ev aluat ion o f  whose po r t folios m ig h t  

b e  ex pec ted to have a small impac t on c ur r e n t  consumpt ion d ec isions compa r ed 

wi th the losses o f  pur chas i ng powe r d ue to i n flation on c ur r ent d i r ec tly held 

liquid asse t hold i ngs . Th is asymme t r y  i s  pe r haps a result o f  impe r fec t 

c api tal mar ke ts ,  wh ich make i t  d i f f i c ult to bor r ow ag a i ns t  one ' s  futur e i ncome . 

4 7  Pesar an and Evans r epo r t  test i ng t h i s  spec i f ic a t io n  ag a inst HUS , DHSY 

and an earlier  Deaton spec i fic ation usi ng the c r i te r i a  o f  m ax imised log 

l i keli hood and an ' index o f  par simony ' ie the n umber o f  est ima ted pa r ame te r s . 

The i r  equa t ion was found to be supe r io r  to the alte r na ti v es on bo th coun ts . 

Howeve r , i t  m ig h t  be felt that suc h  a conc lus ion sho uld no t be r eg ard ed as 

r ob ust t ill i t  has faced the test of data r ev ision . Expe r i e nc e  s ug g ests 

that it is easy to f i nd a supe r ior spec i f ic at ion o f  the consumpt io n  f unc t io n  

when us i ng newe r  d a t a  than the alte r na t iv e ,  a nd s ubjec t i ng them t o  tests on 

the newe r d a t a . ( The co rollar y o f  this , o f  cour se , i s  that the r e  may b e  

evolv i ng behav iour wh ich i s  no t c aptur ed i n  a n y  o f  t h e  equa t io ns . )  

4 8  On po i n ts o f  d e ta i l  too , t he i r  c r i tic i sms o f  HUS seem ill- fo und ed . As 

noted , the v ar i able A i n  the HUS spec i f icati on is designe d  to allow for a n  

o f fse t f r om c api tal g a ins . Second ly ,  i n  car r yi ng out compa r a t iv e  tests , 

they ann uali se the quar te rly spec i f ic at ions pr oposed by HUS a nd DYSY , t hus 

om i tt ing t he r ichness o f  the i r  d yn am ic e f fe c ts . Th ir dly , t e r ms pr oposed by 

He nd r y  in the chang e  o f  r eal liquid asse ts and the level o f  r eal i n te r est 

r ates are le ft out o f  the HUS s pec i f ic at io n . 

4 9  The nex t sec t ion tests spec i f ic at ions ( A) to ( G )  o n  a common d atase t .  
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5 

Tes t i ng the spec i f icat ions 

5 0  Th e  appr oach empl oyed i n  t h is sec t io n  was to r e- est imate the equa t ions 

us i ng t he l a test d a ta ( as f i r st pub l ished i n  Economi c  Tr e nds , September 

1 9 8 1 .  [ 1 ]  Th is appr oach m ig h t  be fe l t  to g iv e  ' equal t r e atme n t ' to the 

spec i f i c at ions , none of wh ich we r e  or ig i n al l y  est imated on th i s  d at a .  

I f  the spec i f ic at ions ad equate l y  d esc r ibe the d ata g ener at ion pr ocess , t he y  

should b e  l i t t l e  al ter ed b y  t h i s  re-est ima t io n . However , i n  order  also to 

test the equat ions as t he y  stand , some tests we r e  c ar r ied out us i ng the 

mos t r ecent pub l ished coe f f i c i e n ts f r om t he bod ies conc e r ned . 

5 1  Test ing i s  o r g a n i sed i n  f ive sec t ions: 

( a )  Es t imat ion and test sta t i st ics 

( b) S t ab i l i ty 

( c )  Non nested test ing 

( d )  Forecas t ing 

( e )  S im ul at ions 

Sec t ions ( a) to ( c )  consider est imates on both the seasonal ly ad j usted ( sa )  

and un ad j usted ( 'sua ) d at a .  S i nc e  mac r o  models use only se asonally ad j usted 

d a t a  ( see pa r ag r aph 3 ) , t he m a i n  concentration is on sa data, however . The 

spec i f i c at ions hav e  been l e f t  as pub l ished except whe r e  t h i s  is impr ac t ic al 

[ 1 ] The m ag n i t ud e  o f  the chang es i n  consumpt ion and RPDI ov e r  the data 
r ev i si o ns t ha t  have occ ur ed i n  s uc cessive ' Bl ue Books ' c an be g aug ed 

f r om t he fol lowi ng tab le :  

October 1 9 7 8  October 197 9  October 198 0  October 1 981 

Sav i ng RPD I Sav i ng RPDI Sav i ng RPDI Sav i ng RPDI In fl at ion 
r at io i ndex r a t i o  i nd ex r a t i o  i nd ex r a t i o  i nd ex 

1 97 0  8.9 1 0 0 9.0 100 9.3 100 9.3 1 00 6.3 
1 9 71  8.7 1 0 3 7.8 1 0 2 7.6 101 7.7 1 01 9. 1 
1 97 2  10.4 1 1  1 9.5 1 1 0 9.7 110 10. 1 110 7.2 
1 9 7 3  1 1  .9 118 11.0 117 1 1.7 118 1 1.9 118 9. 1 
1 9 7 4  1 4.4 1 1 8 1 4.2 1 18 13.5 118 12. 3 116 16.0 

1 9 7 5  15.0 1 18 14.7 1 18 1 2.7 1 16 1 2.4 1 1 6  2 4.2 

1 9 7 6  14.6 1 1 7 14.6 1 1 8  11.8 115 11 .6 115 16.5 

1 9 7 7  1 4.2 1 16 1 3.9 1 16 10.5 113 10.8 114 16.7 

1 9 7 8  1 5.2 12 4 1 2.4 1 22 13.0 12 3 8 . 3 
1 97 9  13.8 129 14.7 13 1 13.4 

1 98 0  1 5.8 13 3 18.0 

So urce:  " Bl ue Boo ks " 1 9 7 8- 1 9 8 1  
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( for example , the Tbwnend and LB S equa t ions b r e a k  d own when est imated on sua 

data , except when se asonal dumm i es are added ) . 

52 S i nc e  the Tbwnend equa t ion is i n  levels r ather than in logs and fe atu r es 

a non- l i ne ar rest r i c t io n , i t  c annot be subjec ted to some o f  the tests 

desc r ibed below g iven the pr ogr ammes av a ilable ( Lag r ang e mult i pl i e r  tes t fo r 

autocor r elat ion , post sample par ameter stab ili ty test , ' F '  test fo r l i n e ar 

r estr ic t ions , r ecur sive stab il i ty test i ng , non nested test i ng ) . In some 

analys i s  o f  this equat ion i n  the past [ see Dav i s  ( 1 9 8 1 b ) ] a log linear 

analogue to the equat ion has been created fo r suc h tests . Howev e r , b ec ause 

i n  th is pr ojec t the a im h as been to r e-est imate and test the equations as 

pr oposed , the equat ion has been om i tted f r om these tests . 

( a ) Est imation and test stat ist i cs 

5 3  The results o f  est ima t ion are shown o n  Tables 1 - 7  i n  Appe nd ix 2 .  

the equa t ions we r e  est imated usi ng OLS . Instr umental v ar i ables ( I V )  

Al l 

est im a t ion was not used ; ev id enc e  from Dav idson-He nd r y  e t  al ( 1 9 7 8 )  sugg ests 

that est imat ion of non dur ables equat ions us ing I V  makes l i t tle d i f fe r e nc e  

to the r esult i ng par ame ter est imates . I n  add i t ion t o  the coe f f i c i e n ts , t h e  

R2
, s tand ard e r ro r , Dur b in-Wa tso n ,  r es idual sum o f  squa r e s ,  t he Lj ung Bo x  X 

2 

( 8 )  and Lag rang e  mult ipl i e r  X
2

( 8 )  tests for autoco r r elat ion , the c h i  

squa r ed test fo r post sample par ameter stab il i t y , and an ' F '  test o f  t he 

equat ions ' li near rest r i c t ions ar e shown . All o f  the equat ions we r e  

est imated ov e r  6 6Q3-75Q4 and 6 6Q 3-80Q4 ( the late star t i ng d ate b e i ng 

nec ess i tated by l im i tat ions on some o f  the d ata se r i es , and the long lags 

impl ic i t  in the i ncome adjustme n t  equat ions )  • 

5 4  On se asonally adjusted d ata , t he Tbwnend equa t ion , Table 1 ,  e xh ib i ts a 

sho r t  run r esponse o f  consumpt ion to non- g r an t  i ncome o f  0 . 1 5  ove r  the latest 

d ata pe r i od . It c an be se en how t h i s  has f allen since the 1 96 6- 7 5 d ata 

pe r iod and the or ig i nal est imate . The lagged depend en t  v ar iable h as 

cor r espond i ng ly r isen wh ile the coe f f ic i ent on r e al l i qu i d  asse ts , 0 . 04 h as 

ag a in fallen . The auto r eg r essive term i s  not str ong ly d e te r m i ned ove r  

e i ther d a t a  pe r iod .  The av a ilable autocor relat ion i nd i c ator s  ( wh ic h  ar e not 

st r ic tly v al id wi th a lagged depend en t  var i able) i nd i c ate that the 

spec i f ic at ion i s  not autocor r elated a fter f i t t i ng the auto r eg r essive ter m . 
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On un ad j usted d a t a , t he impact r esponse to i ncome is h i g he r , and the l agged 

d epe nd e n t  v a r i able lowe r , g iv i ng a poss i b l y  mor e  pl aus ib l e  r esponse pat te r n. 

The 1 9 6 6 -S0 est imate is shown by the Ljung Box s t a t i st ic to be autoco r r el ated , 

howev e r . 

5 5  All the ' er r or co r r ec t ion ' equat ions show r easonab l e  par ameter 

cons i s te nc y  ov e r  the d i f fe r en t  d ata se ts and pe r iods. The d e r  iv a t i v e  

ad j ustmen t  terms ( �
4

ln Y
t 

and var iants )  are al ways the best d e te r m i n ed , 

and imply a sho r t- r un e l ast ic i ty o f  consumpt ion wi th r espec t to i ncome o f  

about 0 . 4. The pr opo r t ional ad justment terms (�) 
t- 4 

are also 

g e ner ally well d e te rm i n ed ( ex cept fo r the LB S ) , and stab l e  ( except the LBS 

and HUS ) .  Th e y  impl y an elast ic i ty o f  consumpt ion w i th r espec t to 

d ise q u i llib r i a i n  the C/Y r at i o  o f  about -0. 1 , a nd a h igher absolute v al ue 

whe n  ad j us ted i nc ome is used . The i n teg r al adjustmen t  terms i n  HUS a nd 

Hend r y ' s  e quat ions g iv e  an e l ast ic i ty o f  consumption wi th r espec t to 

d i se q u i l ib r i a  i n  the L/Y* r at io o f  abo ut O.OS , though this e f fe c t  is alwa ys 

l ess well d e te r m i ned than the pr opo r t ional ad justmen t  e ffec t when both ar e 

e n te r ed . Th e  e l ast ic i ty wi th r espec t to a c hange i n  r e al l i quid asse ts i n  

HUS , N IESR a nd Hend r y  i s  around 0 . 1 f o r  ad justed data , 0.25 f o r  un adj usted. 

The ' pr ic e  r i se '  terms wh ich s ubst i t ute fo r these e f fec ts in HMT, DHSY a nd 

LBS g e ne r ally hav e coe f f i c ients o f  0 . 1 3  and are we l l  dete rm i ned. The 
-2 

e qua t ions tend to hav e R o f  a r o und 0.9 ,  s ta nd ard e r rors o f  O.OOS. 

56 Th is ov e r all assessme n t  s ugg ests that the theo r y  behind the v ar io us 

e r r or cor r ec t ion e quat ions r easonably d esc r ibes the data g e ne r a t io n  pr ocess: 

a t  leas t  un t i l  one comes to cons i d e r  autoco r r elat ion. The fol lowi ng tab le 

o f  Lag r ang e m ul t i pl i e r  (LM) s t a t i st ics t e l ls i ts own stor y :  

Lag r ang e m ul t i pl i e r  test fo r r es id ua l  a utoco r r el at ion 

Sua 6 6Q 3- 7 5Q4 Sua 6 6Q 3-S0Q 4 Sa 6 6Q 3- 7 5Q 4  Sa 6 6Q 3-80Q 4 

LM( 8 )  IM ( 8 )  LM ( 8 )  LM ( 8 )  

DHS Y  1 2 . 9 1 0. 4  1 9. 1 22.4 

HMT 5.9 1 0 . 4 1 0. 7  20.6 

LBS 23 . 0  2 5 . 4 9.2 8 . 5 

HUS 1 0 . 4 9 . 7 1 0.8 2 1 . 3  

N IES R 1 6. 3 20. 1 1 3.8 1 5.2 

He nd r y  1 5 . 3 1 7 . 9  1 5. 5  1 7 . 2  

whe r e  X
2 

( 8 )  1 5. 5  a t  the 9 5 %  leve l  

and 1 3 . 4  at the 90% lev e l  
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57 At ten tion is d i r ec ted espec i ally to the last column ; t he LM test 

suggests that all of the four th d i f fe r ence spec i f ic at ions fe at ure 

autoco r r elat ion at the 90% lev e l  whe n est imated us i ng season al ly adjusted 

data up to the end of 1 980 , t houg h  the NIESR equat ion is not autocor rela ted 

at 9 5 % . Only the f i rst d i ffe r ence 18 S  equa t ion i s  i nd ic ated to be fr ee 

of i t .  Most o f  t he four th d i ffe r enc e equa t ions are no t autocor related ove r  

the same d ata pe r iod usi ng un adjusted d ata , pe r haps implying a f i lte r i ng 

pr oblem , as d isc ussed in Appe nd ix 1 .  Th is impl ies a cons ider able 

i n e f f i c i ency o f  est imates , and pr ob able we a kn ess in fo r ec ast ing , w i th the 

equa t ions est imated as they stand on sa d at a . 

ar e d isc ussed below . 

Solut ions to this pr oblem 

58 What o f  the explanator y  powe r o f  the i nd iv id ual equa t ions? '!he 

lowest standard er rors a r e  fo r the Hend r y  equat ion ; t he av e r ag es over 

the est imat ion per iods ar e :  

Ave r ag e  standard er ro r  

s a  d ata sua d ata Or ig i nal stand ar d  er ror 

( type o f  d ata used ) 

DHSY 0 . 007 1 1 3  0 . 0086 6 5  0 . 006 2  ( sua) 

HMT 0 . 008 1 2 6 0 . 00 9 3 68 0 . 0078 ( s ua )  

LBS 0 . 007 8 8 8  0 . 0096 9 3  0 . 0062 ( sa )  

HUS 0 . 006 8 5 2  0 . 0070 59 0 . 00 5 5  ( sua ) 

N IESR 0 . 0094 8 2  0 . 0098 1 2  0 . 00 7 5  (sua)  

He nd r y 0 . 006 3 8 1  0 . 0067 6 5  0 . 00 7 4  (sua)  

Townend ( 1 )  1 1 4 . 7  8 3  2 8 . 8  (sa)  

59  I t  can be se en that the s i zes o f  the stand ard er rors on bo th types o f  

d a ta suppo r t  the i ncome ad justmen ts and ' in teg r al con t r ol '  concepts as 

d i sc ussed abov e , and pr ese n t  in the HUS and Hend r y  equat ions . Some d r i ft 

seems to have occ ur r ed s ince the or ig i n al est imates except i n  the Hend r y  

c ase ( tho ug h this m ay par tly b e  because he used mor e  r ecent d at a )  • 

60 
2 X tests fo r post sample par ameter stab i l i t y  we r e  r un fo r t he e ig h t  

qua r te rs a fte r 1 9 7 5  Q 4 ,  us i ng equa t ions est imated u p  to that d ate . '!he 

r esults are shown below : 

( 1 )  These n umbers are no t ,  o f  cour se , compar able bec ause t h i s  equa t ion i s  
i n  levels wh ile the o th e r s  ar e i n  logs .  
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Se aso nal l y  ad justed Se asonal l y  unadjusted 

DHS Y 3 . 0  8. 1 

HMT 4 . 8 4.6 

LBS 2 . 8  4 . 4  

HUS 2 5. 5  7 .  1 

N I ESR 6.8 5.9 

He nd r y  1 5.8 1 8. 3 

The c r i t ic al lev e l  fo r the X
2 

i s  1 5. 5 ,  so i t  c an be seen that the Hend r y  

e qua t ion fa i l s  t h e  t e s t  on both types o f  d at a , HUS on se asonal l y  adjus ted . 

The fa i l ur e  o f  He nd r y  may b e  a r esul t o f  i ts r ecent est imat ion : the 

spec i f ic at ion m ig h t  not hav e been c hose n had i t  been est ima ted up to 1 97 5  

onl y .  In fa i r ness to HUS , t he equa t ion was desig ned fo r use on sua d ata , 

and the r e  the test was passed . It wi l l  be seen that the r an k i ng o f  the 

r esul ts fo r se aso n a l l y  ad jus ted data is s im i l ar to the acc ur ac y  o f  the 

d yn am ic s i m u l a t ion tr ac ks d isc ussed below ( p3l ) .  

6 1  F tests- we r e  also cond uc ted , compar i ng the r esid ual sum of squ a r es 

( RS S )  o f  each equa t ion wi tho u t  l inear r estr i c t ions ag a inst the RSS o f  

the equat ions a s  est ima ted . Th e  r esul ts s ug g es ted that the LB S  e qua t i ons ' 

r es tr ic t ions we r e  r ejec ted in e ac h  c ase , wh i l e  the N I  equa t ions ' r estr ic t ions 

ar e no t accepted i n  the seasonally ad justed est imat ion up to 1 980 , the Hend r y  

equa t ion f a i ls t he test o n  un ad jus ted d ata up to 1 97 5 ,  and the Tr easur y 

equa t io n  f a i ls i n  each c ase whe n  estimated up to 1 97 5. These r esul ts 

s ug g est that the spec i f ic at ions whose r est r i c t ions ar e most commonly acc epted 

a r e  DHSY a nd HUS : a tr i bute to the sem i nal spec i fi c at ions i n  the f ield 

of empirica l  consumption analysis o f  the UK economy . 

6 2  On e may now consid e r  the ' d ist i nc t iv e ' fe atures o f  the i nd iv i d ual 

equa t ions . In the DHSY e qu a t ion the acce l e r a t ion o f  i ncome term is g ene r a l l y  

we l l  determ i ned ( tho ug h l ess we l l  than o the r e f fec ts) wi th a coe f f i c i e n t  o f  

-0 . 1 .  Th e  acc el e r a t i o n  o f  pr ices i s  more we akly d e te r m i ned , and c hang es 

s i g n i n  one est im a te . Th ese d isequ i l ib r i um  e f fec ts a r e  obv iousl y we a ke r  and 

l e ss s t ab l e  than the bas ic e r ro r  cor rect ion mechan isms . The i r  we akness 

wo uld seem to jus t i fy t he exc l us ion o f  the acceler a t i on o f  pr ic es e f fe c t  as 

i n  the HMT equat ion , wh i l e  i nc l us i on o f  unemployment seems j ust i f i ed by 

i ts consistency ( at ar ound -0.0 2 5  over the four d a ta sampl es) . The t h i rd 

t e rm i n  the HMT ' s  i ncome Almon seems v e r y  we a k , wi th a max imum I t ' value o f  

0 . 4 and a s i g n  chang e .  
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6 3  The LB S equa t ion i s  per haps ove r-pa r ameter ised, as sev e r al o f  

i ts coe f f ic ients a r e  poorly d e te rmi ned and chang e  sig n or hav e lar g e  

var i at ions i n  the i r  si ze ov e r  the d i ffer ent da ta se ts . Th is comme n t  

appl i es e v e n  i f  o n e  compa r es only the two ad j usted or un ad j usted 

est imates . The spec i f ic at ion also pr od uc es a propor t ional ad j ustmen t  

te r m  wh ich i s  only we akly d e te rmi ned . 

64 In the HUS equa t ion , all of the coe f f ic ients ar e somewh at unstable ov e r  

the estimat ion pe r iods except fo r the i ncome term.  The N I ESR ' s  equa t ion is 

a g r eat d eal mor e  st able ov e r  the four data se ts, and Cu thber tson ' s  ' liquid 

asse t loss ' term i s  always s ig n i f ic ant, wi th an e f fe c t  cen t r ed on -0 . 1 .  

Hend r y ' s  equa t ion is an ex t r emely cons iste n t  spec i f ic at ion . The r eal 

interes t  r ate term always has a ' t ' value of 1 . 5 , and an e f fec t c en tr ed on 

- 0 . 1 , t houg h  d ecli n ing s i nc e  1 97 5 .  However, t h is equat ion mig ht be expec ted 

to be one of the most stable and best determi ned as i t  was est imated most 

r ecen tly. The d isc uss ion o f  s tab i l i t y  is con t i n ued b elow . 

( b )  Stabili ty 

65 A mo re se arch i ng test of the stab ili ty of the equa t ions was car r i ed out 

usi ng ' rec u r s ive OLS ' ,  wh ich adds an obse r v at ion at a t ime to the se aonally 

ad j usted r eg r essi on per iod , and plo ts the g r aph of the r esult ing coe f f i c i e n ts 

[ se e  Sav i lle ( 1 9 77 ) ] .  Some commen ts on the g r aphs r epr od uc ed in f ig ur es 2-7 

are wo r th no t i ng . 

66 The der ivat ive ad j ustme n t  ( i ncome ) terms on the top left of the char ts 

g ener ally show a monoton ic i nc rease and a mar ked deg ree o f  stab ili ty s i nc e  

1 9 7 5 .  Th e  pr opor t ional ad j ustmen t  terms on the bottom le ft ar e less stable, 

and tend to i nc r e ase absolutely whe re pr ice is used as an i n flat ion e f fe c t ,  

and fall whe r e  liquid asse ts ar e used , t ho ug h  all seem to conve rge on a 

value ( allowi ng fo r i ncome adj ustme n t )  o f  - 0. 1 .  Th e  ' pr ic e ' e f fec ts 

i n  DHS Y and HMT show a decline ove r  t ime, and stab i l i t y  s i nce 1 9 7 6 .  

Th e  ' chang e i n  r e al liquid asse ts ' e f fec t i n  HUS, N IESR and Hend r y  i s  

muc h less stab le , b u t  h a s  ag a in been r oug hly constan t s i nc e  1 97 8 .  Th e  

i n teg r al ad j ustmen t  te r ms i n  HUS and Hend r y  have te nd ed to fall monoton ic ally 
"/ 

ov e r  t ime . The income acc ele r at ion terms i n  DHSY and Hend r y  show s im i lar 

patte r ns, of a r is i ng the n  f alli ng e ffec t ,  whe ther it i s  i ncome or ad j usted 

i ncome that is b e i ng employed , as does HMT ' s  d i sequ i lib r i um ' accele r a t io n  o f  

un employme n t ' • Liquid ass e t  losses i n  the N I ESR equa t ion show some 

i nstab il i t y  un t i l  1 97 6 ,  a nd stab i l i t y  the r e afte r . He nd r y ' s r e al i n te r es t  
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r ate te r m  shows a mono ton ic d ec l i ne. The r e  are two sign chang es , i n  the 

DHSY pr i c e  te r m  and the LBS p r opo r t ional ad justment term , though in f a i r ness 

to the forme r , the e a r l i e r  est imation pe r iod is v e r y  sho r t ,  and i t  shows 

g r e at s t ab il i ty l ater . 

6 7  The s ummar y s t a t i st ics for the stab i li t y  analys i s  a r e  as folows: 

( 1 )  the pr ed ic tive X 
2 

test for static for ec as t  r esid uals b e i ng larg e r  

than ove r  the estimat ion pe r iod. 

( 2 )  the Chow test for st r uc t ur al chang e : 

( 3 ) Har v e y  and Col li e r ' s  t- test fo r f unc t ional m i s-spec i f ic at ion : 

( 4 )  the Von Neumann r at i o , test i ng for ser ial cor r elat ion. 

The r esults may be expr essed in te rms of the n umber of sig n i f i c an t  

v alues obse r v ed over the pe r iod ove r  wh ich the r ec ur s ive test we r e  

m ad e , i e  7 1 Q 3 - 80Q4 : 

Hend r y  

LBS 

N I  

D H S Y  

HUS 

HMT 

2 
For ec ast X 

0 

3 

0 

0 

2 

Seque n t i al chow : 
n umber o f  
obse rvations i n  
each b loc k 

2 3 4 

0 0 

2 2 2 

4 2 

0 0 

0 0 

4 3 2 0 

Von Ne umann 
r a t i o  

0 

0 

3 

0 

8 

1 8  

These r esul ts sug g es t  tha t on the b as is o f  these tests , 

I t '  test 

0 

2 

0 

30 

0 

the most s t able and 

best-spe c i f i ed equa t i ons for use on season ally adjus ted data a r e  the Hend r y  

a nd DHSY. 

( c )  Non-nested tes t i ng 

6 8  The equat ions we r e  tested ag a inst e ach o ther us i ng the Dav idson-Mc Ki nnon 

( 1 9 8 1 ) me thod , i n  wh ich the est ima ted values of the d ependent var i ab le i n  

e ach spec i f i c at ion i s  e n te red as a n  i ndepend e n t  var i ab le i n  the o ther 

spec i f ic ations. A s ig n i f ic an t  value may show tha t one equat ion expla i ns the 
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data better than anothe r . The r e  i s  a cer t a i n  amoun t o f  con trov e r s y  about 

the i n te r pr etat ion o f  s uc h  tests ; a g r eat d eal i s  l i ke l y  to d epend on whe the r 

the al te r na t iv e  hypo the se s are who l l y  d i st inct ( eg Moneta r i st and Ke ynes i a n 

ag g r eg ate pr ice equa t ions)  or i n  pr inc i ple d e r ivab le f r om a supe r-gene r a l  

' encompass i ng ' equat ion ( eg type s o f  con sumpt ion func t ion s) . Fo r expo s i t ions 

of each s i d e  o f  the deb ate , see Pe sa r an ( 1 98 2 )  and Mi zon and Richard ( 1 9 8 2 ) . 

The appr oach s ug g e sted by Hend r y  i s  to suppl eme nt the tests by measur e s  o f  

the equa t ions '  goodness o f  f i t ; i f  an equa t ion i s  d om i nated ( i e f i t s m uc h  

wo r se )  and f a i l s  the test , t hen i t  should be r ej ec ted . I f  a n  undom i nated 

equa t ion i s  r ej ec ted , i t  may impl y that more i n format ion should be 

i nco r po r a ted i n  the equa t ion , wh ich in tur n should impr ov e the ' f i t ' . 

6 9  The r e s u l t s  ar e shown i n  Tab les 8 and 9 ,  g iv i ng est imate s fo r se asonal l y  

ad j usted and un ad j us ted data . The r e sul ts fo r both are b a s i c a l l y  s im i l ar : 

the e s t i mated value s  o f  the dependent var iab l e  f r om the new Hend r y  

spec i f ic at io n  i s  always s ig ni f i c ant i n  the o ther equa t ion s ,  except i n  

the 18 S  equat ion . The est imated val ue s  o f  the depe ndent var i ab l e  f r om HUS 

i s  s ig n i f i c an t  for the 18 S  equa t ion in the un ad j usted e s t im ate , thoug h i t  i s  

not sig n i f ic an t  i n  the new Hend r y  equat ion . The same appl i e s  to the DHS Y  

est imated value s  i n  the seasonal ly ad j usted c ase . 

that the order i ng f r om the te s t  should be : 

Th e se r es ul t s  s ug g e s t  

He nd r y  

2 HUS , DHSY 

3 LB S ,  HMT, N IESR 

I t  is no tab le that th i s  o r de r i ng is s im i l ar to that in the ' stand ard e r ro r s '  

table ( see abov e p 2 7 )  so He nd r y ' s appr oach would g iv e  the same o r d e r i ng as 

the Dav id son-Mc Ki nnon appr oach on i ts own . 

7 0  Some suppo r t  i s  th us l en t  to i ncome ad j us tmen t and i n teg r al con tr o l  

( e spec i al ly wi th the inc l u s i on of r eal interest r ate s)  a s  a means o f  b e s t  

expl a i n i ng the data . 

( d )  Forecast i ng 

7 1  The e s t imates on sa d at a  ov er the pe r iod 6 6Q3-7 5Q4 we r e  used to fo r ec ast 

dynam ic a l l y  ov e r  7 6Q l - 8 0Q 4  as they woul d b e  i n  mac ro-econom i c  model s .  '!h i s  

i s  a seve re te st , beg inn i ng at a d epr essed pe r iod w i th h ig h  i n fl ation , and 

encompass i ng a f a l l  and r i se i n  i n f l ation and con s i d e r ab l e  v ar i a t i o n s  i n  the 

g r owt h of consumpt ion . Dyn am ic s imulat ion t r ac k s  s uc h  a s  these should not , 
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howev r ,  b e  seen as te sts of  the ' t r uth ' or othe rwi se of the model s ,  i e  as 

g iv i ng a selec t ion cr i ter ion . Th i s  i s  because the y only r eveal how much of 

the expl an at ion is at tr ibuted to ou tside fac tor s .  Fo r a test of  fo r ec as t i ng 

ab il i t y  that can be used to selec t ,  attent ion i s  d i rected to the post sampl e 
2 

par ameter stab i l i ty X d i sc ussed above ( p2 8 ) . 

7 2  The exerc i se i s  fa i r l y  str aightforward i n  the LB S ,  HMT and DHSY e quation s ,  

al thoug h i t  i g nores the endog ene i t y  of income and pr ices to consumpt ion i n  

the whol e  econom y .  Ac tual value s  of these var i ables a r e  used , i e  assum i ng 

exog ene i t y ,  a nd , s ince the for ec ast i s  dynam ic , one feed s i n  computed lagged 

v a l ue s  o f  con sumption whe n they appe a r  on the r ig ht hand s ide . 

the other equa t ions ,  l i qu id a ss e ts pr e sent a pr oblem , as 

Howev er , for 

( 4 2 )  

i n  any qua r te r , so that , i f  one om i t s  the determinat ion o f  l i qu i d  asse t 

s toc ks from the sys tem , a ve r y  d i r ect feedbac k i s  being om i tted , and l i quid 

assets are false l y  a ssumed to be strong ly exog enous . Some attempt was m ade 

to rect i fy th i s  om i s s ion by r un n i ng the NIESR, HUS and He nd r y  equat ions i n  

har ness wi th a l i quid asset equa tion . 

fol lows : 

Th e  form of th i s  equat ion was as 

6
4

1 nL
t 

= 6
4

1nC
t

+ I n  (
L

t )  
C

t_ 4 

+6 InP + 6 lnR + cnst + Q i 
4 t 4 t t ( 4 3 ) 

7 3  I f  one assume s long - r un pr opo r t ional i ty o f  consumpt ion to i ncome 

i n  a stationar y stead y  state , C = aY and ( more tenuous ly) assume s im i l ar 

p r opo r t ional i ty o f  r eal net l i qu id as se t stoc ks to i ncome flow L = bY 

( th i s  i s  impl ic i t  to some ex ten t in  the HUS formul ation ) , then long - r un 

propo r t ional i ty o f  con sumption to l i quid asse t stoc ks i s  also impl ied : 

L = b/ C .  
a 

7 4  Th i s  prope r t y  has been imposed o n  a s impl e Dav idson-Hend r y  type e quat ion , 

whe r e  the pr e se nc e  of C e ns ur e s  a feedbac k  from the cons umpt ion func t ion to 

the l i quid asse ts equa t ion ,  a nd the pr e sence of the l evel of a nom i nal 

i n te r e st r a te on al l g overnmen t secur i t ie s ,  not merely consols , e nsur e s  that 

the sys tem is iden t i f i ed when the equat ion i s  r un tog ether wi th the 

consumpt ion func t ions . The est imate wa s :  
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= 0 . 4 6 1  l1
4

1 nC
t 

- 0 . 1 7 2 3 9 l n  
(
L

t )  
( 4 . 4 )  ( 6 . 2 )  

+ 0 . 0 3 3 2 l1 
4

1nR
t 

( 2 . 2 )  
+ 0 . 2 5 5  - 0 . 0 0 1 6 2Q l - 0 . 0 0 07Q2 - 0 . 0 0 1 Q 3  

( 7 . 2 )  ( 0 . 4 )  ( 0 . 2 )  ( 0 . 2 )  

-2 
R = 0 . 8 57 ,  DW = 0 . 6 , SE = 0 . 0 1 39 7 ,  RSS = 0 . 0 0 1 1 7 1 , LB ( 8 )  = 77 

( 4 4 ) 

'rhe severe autoco r r e lat ion should be noted ; i t  may mean the ' t ' s tat i s t i c s  

ar e b i ased away f r om ze ro , but b e a r  i n  m i nd t h a t  th i s  e qua t ion i s  d es ig ned 

pur e l y  to keep l i quid asse ts ' on t r ac k '  throug h  the d yn amic s imulat ion 

pe r iod s o f  the con s umption func t ion , r ather than be ing used for pr ed ict ion 

i t se l f  • 

7 5  A s econd p r ob lem i n  choo s i ng equa t ions fo r for ecast ing i s  the val ue o f  

A ,  the amoun t  b y  wh ich losse s o n  l iquid asse t s  d ue to i n fl at ion r ed uc e  r e al 

income i n  the HUS and Hend r y  equa t ions . I n  mor e  r ecent e s t imates , a v a l ue 

of ' 1 '  had been impo sed by Hend r y , but i n  the i r  ear l i e r  pape r  Hend r y  and von 

Ung e r n  S te r nbe�g ( 1 9 7 9 )  found 0 . 5  to be an appr opr i a te v al ue . I t  wa s 

dec ided to test th i s ,  us i ng the i r  c r i ter ion o f  m i n im i s i ng the r e s id ua l  s um  o f  

squar e s .  Th e  r e sults we r e  a s  fol lows : 

Re s i d ua l  s um s  o f  squa r e s  and val ue s  o f  

Hend r y  HUS Hend r y  HUS 

Est imat ion 6 6 - 8 0  6 6 - 8 0  66-7 5 66 -7 5 
ove r : 

A = 0 . 0 0 . 0 0 2 6 4 6  0 . 0 0 3 1 97 0 . 00 1 29 8  0 . 0 0 1 0 1 8  
o .  1 0 . 0 0 2 52 3 0 . 0 0 3 0 0 5  0 . 0 0 1 2 6 2  0 . 00 1 0 1 4 
0 . 2 0 . 0 0 2 4 0 5  0 . 0 0 2 8 3 2  0 . 0 0 1 2 2 8  0 . 00 1 0 1 8  
0 . 3 0 . 0 0 2 2 9 4  0 . 0 0 2 67 9  0 . 0 0 1 1 97 0 . 0 0 1 0 3 2  
0 . 4 0 . 00 2 1 9 1 0 . 0 0 2 5 4 7  0 . 0 0 1 1 6 8 0 . 0 0 1 0 5 4  
0 . 5 0 . 0 0 2 0 9 8  0 . 0 0 2 4 3 7  0 . 00 1 1 4 2 0 . 0 0 1 0 8 3  
0 . 6  0 . 0 0 2 0 1 7 0 . 0 0 2 3 5  0 . 0 0 1 1 1 9 0 . 0 0 1 1 2  
0 . 7  0 . 0 0 1 9 4 7  0 . 0 0 2 2 8 7  0 . 00 1 1 0 . 0 0 1 1 6 3 
0 . 8 0 . 0 0 1 8 9 1  0 . 0 0 2 2 4 7  0 . 0 0 1 08 4  0 . 0 0 1 2 1 1 
0 . 9 0 . 0 0 1 8 5  0 . 0 0 2 2 3  0 . 0 0 1 0 7 2  0 . 00 1 2 6 3  
1 . 0  0 . 0 0 1 8 2 4  0 . 0 0 2 2 36 0 . 0 0 1 06 3  0 . 0 0 1 3 1 7  

7 6  On th i s  basi s the cho ice o f  1.. = 1  i n  the est imate s to 1 9 8 0  i s  j us t i f i ed . 

Fo r the Hend r y  equa t ion A = 1  a l so seems to be bor ne out by the d a t a  fo r the 

1 96 6  -7 5 est imate , b ut fo r HUS a muc h  lowe r n umber seems appr opr i a te . 

In i t i a l ly 0 . 1 was chose n , then 0 . 5 , b ut in each c ase the fo r ec a s t  pr ov ed 

wo r se than when 1 was impo sed . Th e  r e sul t s  r epo r ted are t h us fo r 1.. = 1 . 
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7 7  Th e  d yn am ic simul at ion tr ac k s  a r e  shown in Table 1 0 . The DHSY, HMT and 

�wnend equa t ions tr ac k  t h i s  pe r iod par ticul ar l y  we l l ,  and the NI equa t ion 

a l so ' r e t ur ns to tr ac k '  in 1 9 8 0  a fte r some d i sc repancy i n  the interven ing 

pe r iod . The He nd r y  equa t ion fo llows a s im i l ar tr ac k ,  t houg h  wi th a g r eater 

term inal e r ro r . The LBS and HUS equat ions g o  compl etely ' of f  tr ac k '  over 

t h i s  pe r iod . 

7 8  The summar y s t a t i s t ic s  ( The i l ' s  U [ l J , UM [ l J mean absolute error and RMS 

e r ro r )  in Tab le 1 0  tell  muc h  the s ame story ov er th i s  pe r iod . 

( e )  S imul at ions 

7 9  The ' s imul ation ' (or ' shoc k i ng ' )  rout ine involve s  chang ing the 

mag n i tud e  of a var i able or coeffic ient in a model , making a dyn am i c  

r un ,  t hen s ub tr ac t ing th i s  from a ' base ' dynamic r un ,  fe atur ing no 

shoc k .  The mod els con s i st of  the equat ions d e sc r ibed above ,  v i z  the 

se asonal ly ad j usted est ima tes of each equa t ion up to 1 98 0 ,  s uppl emen ted 

in ' al te r nat ive ' te sts by the l iquid asse t s  equa t ion ( 4 4 ) . The 

s im ul at ions we r e  also pe r formed using the l atest pub l i shed coe f f i c ients 

o f  each equa t ion . The shock s  imposed we re as fo llows : 

( i )  A s hock to i n fl a t ion , i nc r e as i ng i t  by one pe r centag e  po in t  pe r  annum 

thr oug hout the te st pe r iod ,  1 97 0- 8 0 . 

( 1 )  The i l s  ( 1 9 66 ) ' U '  c an be defined as : 

T- l 2 
U 

E 
(P  -

t 
A

t
) 

t= l 
T- l 

2 
E A

t 
t= l 

whe r e  A i s  the ac t ual pe rcen tag e c hang e in the 
and P I s the corr espond i ng pr ed icted chang e . 
in th� case of pe r fect for ecast s . OM measur e s  
te nd ency or b i a s  pr opo r t ion . 

2 
OM = ( P  - A )  

1 T- l 
T- l L ( P

t 
- A 2 

t= l 
t )  

( 4 5 )  

dependent var i ab le 
The measur e i s  ze ro 
the e r ro r s  in cent r al 

( 4 6 )  

I f  i t  i s  l arg e ,  i t  me ans the ave r ag e  pr ed icted chang e dev i ates 
s ubstant i al ly f r om the av e r ag e  ac t ual chang e .  Fo r fur ther deta i l s  
see The i l  ( 1 96 6 )  and Maddala ( 1 97 7 ) , pag e 3 8 .  
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( i i )  A corr espond i ng one pe rcentag e  point increase i n  the r ate o f  r eal 

i ncome g rowth . 

( i i i )  A one-pe r iod 5 %  inc r ease in the level of pr ices . 

( iv )  A one-pe r iod £ 2 00 mi l l ion inc r e ase in r e al income . 

( v )  A con t i nui ng i nc r e ase i n  the level of money i ncome b y  

( a) a constant amount ( 5 % of the 1 9 7 0  level ) and 

( b) a constant percentage . 

( v i )  A constan t pe rcen tag e inc r ease i n  the l evel o f  pr ice s .  

8 0  The e f fects of the se shocks could have been c alcul ated analyt ic al l y  

for some of the equa t ions b y  f i nd ing the r ational l ag pr o f i l e , and ope r at i ng 

on the cumul ative r esponse s or analysing the equat ions i n  terms of g rowth 

r a te s .  [ 1 1  However , t h i s  would be intr actab le in the HUS and Hend ry equa t ions 

bec ause pr ic e s ,  i ncome s and l i quid asse ts ente r  ad j us ted i ncome l i near ly in a 

log equat ion , and hence the separ ate effects r equi r e  b u i ld ing i n to a small  

mod el to d i se ntang le . Also the ' small model ' techn ique al lows the l i quid 

asse ts feed bac k to be built  i n ,  thoug h of cour se the feedbac k e f fec ts 

on i ncome are still  ig nor ed . 

[ 1 1  Th is pr oced ur e  has been c ar r ied out by Cuthber tson ( 1 9 8 2 ) . Howev e r , 
the re sul ts from thi s me thod appe ar to d i ffer from the d yn am ic simul at ions 
over  ac t ual d ata shown her e ;  fo r exampl e ,  Cu thber tson found that the 
r e sponse of the sav i ng r atio to a one pe rcen tag e po i n t  r i se i n  i n fl ation 
i n  the Tr ea sur y model wa s 1 1 / 4 % ,  i n  con tr ast to 0 . 6 % i n  thi s pape r . The 
r ea son fo r the n i sc repancy seems to be that the analyt ical me thod compa r e s  
two equil ibr ium ste ad y  states , wh ile  i n  fac t ad j us tment of the equa t ions 
i s  slow and the simulat ion me thod may be base dependent . Tb i l lustr ate 
the�st po int , I constr uc ted a ste ad y  state , wi th 1 %  i n fl a t ion and 
2 1 /2 %  real i ncome g rowth . Whe n  inflation wa s i nc r ea sed by one 
pe rcen tag e point , the r esult ing inc rease in the sav i ng r at io a fter  
5 6  ye ar s ( 1 . 1 % )  wa s c lose r  to the analyt ical r e s ul t ,  but wa s still  i n  the 
pr ocess of converg i ng . Tb il lustr ate base d epe nd enc e ,  I commenc ed one 
suc h  s tead y  s ta te in d i sequil ib r i um  ( a  sav i ng r a t io of 2 0% when the 
' wa r r an ted ' r ate wa s around 1 3 % ) , and ano the r in r oug h equi l ib r i um  ( 1 3 % ) . 
When the i n fl ation r ate wa s i ncr eased , the speed of r e sponse o f  the sav i ng 
r a t io wa s slowe r i n  the d i sequi l ib r i um  case ( b y  0 . 2 pe rcen tag e po in t s  
afte r 1 0  ye ar s)  • Suc h d i sc re panc ies  would pl aus ibly be g r e ate r when 
est imated over  a ' r eal wo r ld '  d ata pe r iod wi th many d i se qu i l ib r ia .  
Howev e r , the me thod chose n her e  r emain  d e fensib l e . I t  shows the 
r e sponse s  of cons umpt ion i n  a real wo r ld s i t ua t ion , and has b ee n  adopted 
as such by many econom i sts test ing forecas t i ng model s .  
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8 1  The d e pe nd en t  var iable assessed i n  the simul at ions i s  the sav i ng 

r a t io , i nc l ud i ng expend i tur e on d ur ab l e s  assumed to be g iven exog enousl y .  

As the d e nom i nato r , i ncome , i s  the same fo r each equa t ion i n  each c ase , 

the r e l at ive e f fe c t s  o f  the shoc ks to con s wnpt ion i n  e ach equat ion can also 

be asse ssed • 

8 2  Al l o f  the shoc ks a r e  fa i r ly s ymmetr ic and the r e spo n se i s  

r e asonab le appr ox imat ion . 

( i ) Ef fec ts of one pe r c en tag e po i n t h ig he r  i n f l a t i on 

l i near to a 

8 3  The e f fe c t  o f  faster i n fl ation on the sav i ng r at i o sho uld be to incr ease 

i t ,  a s  the v a l ue o f  accumul ated sav i ng i s  r ed uc ed and mo re acc umul at ion must 

occ ur in o r d e r  to ma i n t a i n  a d e s i r ed level o f  asse t s , w i th i ncomes he ld 

constan t . 

8 4  The r e sul ts a r e  shown i n  Table 1 2 . wi th the pub l i shed coe f f i c i e n ts , 

mos t  o f  the equa t ions i nc r e ase the sav i ng r a t io by 0 . 5- 0 . 6  pe r c en tag e 

po i n t s  a f t e r  f ive ye ar s and hold i t  at t h i s  l evel . The except ions are the 

HUS , � wn e nd and Hend r y  fo rmul ations wh ich i nc r ease the r at io by ove r  

1 pe r ce n t ag e  po in t .  Ther e i s  mor e  var i e ty among the ' new ' est imate s ,  w i th 

the N I  equat ion showi ng a smal l r i se of 0 . 3 pe rcentag e  po in t s , and the LBS a 

l arg e 1 . 1 pe rcentag e  po in t  incr ease . Wh en the l iquid asse t feed bac k  i s  

i n tr od uc ed , t h e  He nd r y  and HUS equat ions r ever t to the norm fo r the r e s t  of 

the equa t io n s , a r o und 0 . 6 pe rcentag e  po i n t s , wh i l e  the �wnend equat ion 

o n l y  i nc r e ase s the sav i ng r a t i o  by 0 . 2 pe rcentag e  po in t s . These r e sul t s  

impl y ,  a s s um i ng that o n e  c an r ev e r se t h e  e ffec t s ,  that , i f  the n e w  e s t imates 

we r e  used , the NI and �wn end equat ions would s ug g e s t  the least bene f i c i al 

e f fec t s  to cons umpt ion o f  a fa l l  i n  i n f l ation , and the LB S  the mos t . 

I f  the o r ig i n al spe c i f ic a t ions we re used i n  a compl ete model , the po l icy 

adv ic e  fr om the d i f fe r e n t  equ a t ions wo uld be r emar kab l y  s im i l ar . 

( i i )  Ef fec t s  o f  one pe rcen tag e po i n t  h ig he r  r e al i ncome g r owth 

8 5  H i g he r  economi c  g rowt h m i g h t  b e  expec ted to i nc r ease consumpt ion , 

b u t  b y  l e ss than the incr ease i n  i ncome , hence i nc r ea s i ng the sav i ng r a t i o . 

Th i s  r e s u l t i s  bor n e  out b y  the s im u l a t ions shown i n  Table 1 3 ; t he r e sul ts 

fo r the new d at a  show a n  i nc r e ase in the sav i ng r a t io o f  2 1 /2-4 1 / 2 pe rcentag e  

po i n t s  ov e r  ten ye ar s .  The r e  i s  some asymme t r y  he r e ,  a s  the N I ,  DHS Y  and 

HM'l' e qua t ions al l g ive a r i se of around 2 . 6  pe rcen tag e po i n t s , w i th the 

i nc r ease tape r i ng o f f  towa r d s  the end as the economy te nd s  to a new equi l ib r i um .  



- 3 7  -

Howev er , t he othe r equa t ions g ive r i ses o f  3 1 /2 - 4  1 /2 pe r c e n tag e po in t s , 

and , i n  the c ase o f  the LB S ,  the i nc r ease s show l i t t l e  s i g n  o f  ta pe r i ng 

of f towa r d s  the end . 

86 W i th the l iquid as se ts equa t ion swi tc hed i n , the Hend r y  equa t ion 

r e tur ns to a s i m i l ar pa th to the NI , DHSY and HMT spec i f i c a t i on s , v i z  

a ta pe r i ng i nc r e ase to 2 . 8  pe rcen tag e  po in t s . The HUS and TOwn end equa t io n s  

con t i n ue t o  show a g re ater r i se , thoug h  i t  i s  lowe r in each c ase than whe n  

the feedbac k t o  l i quid i ty i s  ig nor ed . 

8 7  Te st ing the or ig inal spec i fi c at ions r eveal ed roug h l y  s im i l ar r e sul t s  to 

the new e st ima te s , except i n  the c ase of the LB S  equat ion wh ich r a i sed the 

sav i ng r a t i o  by a mor e  pl aus ible 2 . 4 5  pe rcentag e  po i n t s  ove r  the pe r iod . 

Th i s  may i nd icate some b r ea kdown o f  the spec i f ic at ion ove r  the new d ata pe r iod . 

( i i i )  Incr easi ng money i ncome s for one pe r iod by £ 4 3 0  mi l l ion at g iven pr ices 

8 8  Th i s  shoc k shows the e f fec ts o f  a gove r nment ' g ive awa y '  Ch r i s tm a s  

bonus to the po o r  ( assum i ng the y  have s im i l ar sav i ng s  pr ope n s i t i e s  t o  the 

r e st o f  the popul ation)  or any o the r wi nd f a l l  that does not con t i n ue . The 

e f fec t i s  to incr ease consumpt ion , b ut by l ess than income , so the sav i ng s  

r a t i o  i nc r e ase s i n  the pe r iod conce r ned . In l a te r pe r iod s , the r e  a r e  sma l l  

r e ac t ions t o  the i n i t ial shock as the e f fec ts feed thr oug h the long l ag 

str uc t ur e s  o f  the equa t ion s .  

8 9  Us i ng t he n e w  e s t imates ( Tab le 1 4 ) the equa t ions a l l  show an i nc r e ase o f  

around 0 . 6 pe rcentag e  po in t s  i n  the sav i ng r at io i n  the f i r s t  quar te r ,  

wh ich i s  o f fset by smal l r ed uc t ions i n  sav i ng in the ye ar s that fol low . 

Th i s  e f fe c t  i s  i n  l i ne wi th the long r un pr opo r t iona l i ty o f  i ncome to 

con s umpt ion impo sed on the equa t ions ( except Tbwnend ) the sav i ng r a t io b e i ng 

alter ed only by c hang e s  i n  the equ i l ibr i um g r owt h o r  i n fl at i on r ate s .  Th e  

equa t ion t h a t  l e as t  fo l lows th i s  pa tte r n  i s  t h e  LB S ,  wh i c h  g iv e s  a l ar g e r  

i nc r e ase o f  0 . 8 2 5  pe rcentag e  po i nts i n  the f i r st ye ar , fo l lowed b y  f ur the r 

i n c r ease s  total l i ng 0 . 2 5 5  pe r c en tag e po in t s  ove r  the nex t thr ee ye ar s ,  

wh i c h  are no t o f f se t .  Th i s equat ion thus s ug g e st s  that an i n c r ease i n  

income i s  l ess expans ionar y than i n  the o the r c a se s .  Th e  o f fse t o f  h ig he r  

sav i ng i s  a l so less mar ked fo r the TOwnend spec i f ic at ion . 

9 0  The r e sul ts o f  the s imul ation on the d i f fe r en t  spec i f ic at io ns a r e  mor e  

s im i l ar whe n the or ig i nal coe ff ic ients a r e  used . In each c ase , the sav i ng 
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r a t i o  r i ses by 0 . 5 5-0 . 7 7 pe r ce n t ag e  po in t s  i n  the f i r s t  quar te r ,  an incr ease 

wh i c h  is l ate r o f fse t b y  fal l s  i n  sav i ng in l ater ye ar s .  The Hend r y  and 

Townend equa t ions fo l low t h i s  pa t ter n leas t , as the r e  i s  a g r eat d eal l e s s  

' of f se t '  i n  the se c a se s .  

9 1  The r e sul t s  wi t h  the l iquid as se t s  equat ion inco r po r a ted are s im i l ar to 

those w i thout i t ,  except that the inc r e ased cons umpt ion i n  l ater ye ar s ,  when 

i ncome is unchang ed , i s  g re ater . Th i s  i s  a r e s ul t o f  i nc r e a sed acc um ul ation 

o f  l i quid asse t s  in the ' shoc k ' pe r iod , wh ich pr ov id e s  an add i t ional 

expa n s ionar y fo rce l ate r . 

( iv )  A 5 %  i nc r e ase i n  the l evel o f  pr ices 

9 2  One i s  model l i ng he r e  an unexpec ted pr ice incr ease wh ich i s  s ub se quen t l y  

r ev e r sed ( wi th a n  assumpt ion o f  n o  r eac t io n  o f  money i ncome s ) , f o r  ex ample an 

i nc re ase in s pec i f ic ind i r ec t  tax e s  ove r  and above the i n f l ation r ate , or an 

o i l pr ice i nc r e ase . The i nc re ase i n  pr i c e s  i s  assumed to reduc e  r e al 

i ncome s ,  a nd consumpt io n thus a l so fal l s , b u t  by a smal ler amoun t ,  a s  sav i ng s  

a r e  d r awn d own to c us h io n  the fal l . Th i s  me ans that the sav i ng r a t i o  fal l s  

i n  the f i r s t pe r iod , b u t  r ises l ater as Sav i ng s  a r e  somewh at r eb u i l t  i n  

r e ac t io n , se e Tabl e  1 5 . Equat ions e s t im ated on the new d a ta show a fal l o f  

0 . 4 %- 0 . 6 2 5 %  i n  the f i r s t qua r ter , wi th t h e  d ec l i ne r ever sed i n  l ate r ye ar s ,  

r emember i ng that the l evel o f  r e al sav i ng s  equ ivalent to a 1 %  chang e  i n  the 

sav i ng r at io incr eased ove r  the ye ar s .  The excep t i on i s  ag a in the LB S  

e qua t ion , wh ich g iv e s  the l ar g e st i n i t i al f a l l  in the sav i ng r a t io , a nd no 

l ater o f f se t .  The r e su l t s  ar e s im i l ar wi th the o r ig i n al coe f f ic ients , 

ex cept now t h e r e i s  some r e ac t ion i n  the LB S  c ase . 

( v )  I n c r e a s i ng money income s ( a) b y  £ 4 3 0  m i l l ion pe r  quar te r ,  and 
( b )  by a constant pr opor t io n  ( 5 % pe r  qua r te r ) 

9 3  The se two type s o f  shoc k s  m ig h t  be compar ed wi th i nc r ea se s  i n  pe r sonal 

i n come t ax al lowanc e s  a nd r ed uc t ions in i ncome tax r ate s r espec t i v el y .  In 

e ac h  c ase , r eal i nc omes i nc r ease , but , i n  t he fo rmer c ase , t he v a l ue of the 

conce s s i o n  i s  eve n t ua l l y  e roded by i n fl at i o n , wh i l e ,  i n  the l at te r , the r ea l  

annua l  i nc r e ase con t i n ue s  at roug h l y  t he same amoun t ,  cete r i s  par i bu s . In 

f ac t ,  in 1 97 5  pr ic e s , the fo rme r shock s t ar ts at £ 7 3 0  m i l l io n  pe r  qua r te r  in 

1 9 7 0 ,  a nd ends i n  1 9 8 0  wi th £ 2 03 m i l l ion per quar ter , wh i l e  the l at te r  s ta r t s  

a s  £ 7 3 0  m i l l io n  pe r  qua r te r  and end s a s  £ 1 , 0 7 0  mi l l io n  pe r  qua r ter ( g iven 

r e al i nc ome g rowt h )  . 
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94  The constant money shoc k o f  £ 4 3 0  mi l l ion pe r qua r te r , shown i n  Tab le 1 6 , 

g iv e s an in i t i a l  i nc rease in the sav i ng r a t io of around 2 . 5 pe rcentag e  

po i n ts , a s  i nc ome ha s incr eased more than consumpt ion . As the i nc r ease i n  

r e al income fal l s  o f f , t h e  i nc rease i n  t h e  sav i ng r at io compa r ed wi th b a se 

dec l ines , un t i l  after ar ound 7 ye ar s ( when the value o f  the conc e s s i on has 

fal len by a round two th i r d s ) , t he sav i ng r at io becomes lowe r than base . 

Th i s  occ ur s i n  each c ase , both wi th the new and o r ig i nal est imate s ,  except 

fo r the Tbwnend , Hend r y  and HUS . The c r uc i al e f fec t o f  feed i ng bac k  l iquid 

assets i n  these equa t ions , and the false i n fe r enc es possible if  these e f fec t s  

are ig no r ed , a r e  shown when the acc um ul ation e f fe c ts are al lowed t o  feed 

bac k .  In al l case s ,  except Tbwnend , t he r es u l t s  then converge wi th the 

other case s .  Th e  mag n i t ud e  o f  the e f fec ts ar e s im i l ar fo r eac h  e quat ion 

wh en these ' ex tended ' Hend r y  and HUS e st imate s  are i nc l ud ed in the compar i son ; 

the LB S  c ase i s  ag a in the outl i e r , w i th the g r eates t i n i t i al incr ease i n  the 

sav i ng r a t i o  ( and hence the lowe st sho r t  r un mar g i nal pr open s i t y  to cons um e )  • 

9 5  When r e al i ncome s are increased by r oug hl y  5 %  thr oug hout as shown i n  

Tab le 1 7 , t he sav i ng r at i o  i n i t i al ly i nc r e ases shar ply by about 2 . 5 % ,  b u t  

then ta i l s  o f f  to a n  incr ease of around 0 . 5 %  a fter te n ye ar s .  These r e sul ts 

a r e  b r oad l y  s im i l ar fo r each spec i f ic a t ion , when the l iquid as se ts ex ten s i on 

to the ' ad j us ted i ncome ' equa t ions i s  c ar r i ed out . Ag a i n  the LB S  g iv e s  t he 

h i g h e st and mos t d ur ab l e  i nc r ease i n  the sav i ng r at io .  

( v i )  An incr ease i n  pr ices b y  5 %  i n  eac h  pe r iod 

96 Th i s  s i m ul a t i on could be i n te r pr eted as s uccessive incr ease s in the 

r a te s o f  v a l ue o f  added tax . I t  i s  no t pl aus i b l e  to assume that t he r e  

wi l l  b e  no r e ac t ion o f  money i ncome s i n  the long r un ,  t ho ug h  a dec l ine i n  

r eal i ncome s fo r 2 - 3  ye ar s m ig h t  b e  pl aus i b le r e sul t o f  th i s  po l ic y .  

The sav i ng r a t i o  fal l s  b y  around 2 %  a t  onc e , but a f te r t wo  ye a r s  t h i s  

dec l ine i s  r ed uc ed to j ust ov er 1 % .  Consumpt ion fal l s  i n  th i s  c a se , 

but by l e ss than the fal l i n  r e al i ncome s ,  a s  shown i n  Tab le 1 8 .  

9 7  'I'he r e sul ts o f  the sec t ion abov e ,  whe r e  the var  i o u s  equa t io n s  h ave been 

shoc ked in var ious ways , are r ema r kab l y  s im i l ar ac ross equa t ion s ,  so long as 

l i qu i d i ty i s  fed bac k in the He nd r y  and HUS c a se s ,  t ho ug h  t he LBS and Tbwnend 

equa t ion s hav e  alwa ys tended to d i f fe r  sl ig h t l y  i n  the i r  e f fe c t s  f r om the 

r e st o f  the equa t ions con s i d e r ed . These r e s u l t s  impl y that the long r un 

behav iour impl ic i t  i n  the spec i f i c at ions a r e  v e r y  s im i l ar and ar e easy to 

mod el . The sho r t r un d yn am i c s  are whe r e  the equat ions d i f fe r . Howev e r , i t  

should be bor n e  i n  m i nd that the above s imul at ions d o  no t d e sc r ibe what would 
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ac t ua l l y  happe n  to con s umpt ion i f  these shoc k s  we r e  appl ied . The feedbac k s  

that would be pr esent in a f u l l  model , e spe c i a l l y  t h e  feedbac k s  f r om consumer 

demand to i ncome ( v i a  the mul t i pl ier - accel er ator pr ocess)  and pr ices ( v i a  

d emand i n f l at io n )  are lac k i ng . Also , o f  cour se , the re ar e the myr i ad o f  

o the r e ffec ts that pol icy meas u r e s  hav e  o n  othe r sec tor s  o f  the economy and 

exte r na l  e f fec ts , that m i g h t  i nd i r e c t l y  a f fec t  pe r sona l con s umpt ion . 
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6 

Conc l u s i on s , the seasonal ad j us tmen t  prob lem and fur ther wor k 

( 1 )  Conc l u s ions 

98 Th i s  st ud y  has no t at tempted to sel ec t  a ' best ' con s umption func t ion , 

nor could one be d evel oped wi thout we ig h t i ng eac h  i nd iv id ual te s t  and 

st at i s t i c , i nc l ud ing some tests , for exampl e  the simul at ions , whe r e the 

' r ig h t  answe r ' i s  un known . In stead , i t  has exam i ned the appr oac h  embod i ed 

in the var ious spec i f ic at ions , a nd pe r haps has shown some th ing about the 

behav iour of the pe r sonal sec to r . The l atter may be par t ic ul ar l y tr ue o f  

the s im ul ations wh ich d emonstr ate a r emar kable converg enc e  o f  r e sul t s f r om 

d i v e r se spec i f ic at ions , whether coef f i c ients we r e  those d e r ived f r om the 

d i f fe r ent es t imat ion pe r iods of the or ig inal est imate s o r  those f r om the new 

e s t imates that hav e been mad e  fo r th i s  s t ud y .  The d i f fe r e nces betwe e n  the 

equa t ions have been b r o ug h t  out more i n  the other sec t ions o f  r es ul t s ; i n  

pa r t ic ul ar , t he r e sul ts o f  d yn am ic s imul ations have been fo und to be 

e x t r emely d iv e r se ,  t ho ug h ,  a s  po inted out , t he se t r ac ks only show how m uc h  

o f  the expl anat ion i s  attr ib utable to ' ou t s id e ' fac tor s  and c annot test 

the tr uth o f  the model . The e s t im a t ion and non- ne sted tes t i ng r eveal ed 

some supe r  ior i t y  o f  the equa t io ns feat ur i ng income ad j us ted fo r Ius .;"" ; ) : )  

l i quid asse ts . A l l  of the fo ur th d i ffe r e nc e  equa t ions we r e  fo und to hav e 

autocor r el a ted r e siduals when e s t ima ted on se asonal l y  ad j us ted data at the 

9 0 %  leve l , howev e r . Th i s  i nd ic ates some fund ame n tal probl ems , d i sc ussed 

f ur the r below . 

( 2 )  Seasona l l y  ad j us ted and unad j us ted data : the prob lem 

9 9  Wal l i s  ( 1 97 4 )  showed how the use of seasonal l y  ad j us ted d ata c an i n d uc e  

autocor r el at ion i n  equa t ion s . 

Appe nd i x  1 .  

Pr oo f of th i s  pr opo s i t ion i s  shown i n  

1 0 0 The fac t that the s a  r e sul ts a r e  almos t a l l  autocor r e l ated and d i f f e r  

i n  coe f f i c i e n t  v al ue s  f r om the s ua r e sul ts s ug g e st s  t h a t  t h i s  c r i t i que may 

be we l l  founded . pos s i b l e  so lut ions seem to be : 

( a ) Ch ang e the ent i r e  macro mod el to un ad j us ted data , pe r haps seasonal ly 

ad j us t ing the r e s ul ts ,  us i ng a common f i l te r . 
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( b )  Tr y to mod el the e r r or po l ynom i al wi th a t ype o f  ARIHA p r oc es s , o r  to at 

least smooth out the b i a se s  c aused by seasonal ad j ustme n t , u s i ng sa data 

to b u i ld a spec i f ic at ion . 

below . 

Some at tempts a t  the l atte r  a r e  d i sc u s sed 

( c )  Acc ept i ncon s i s te n t  and b i a sed e s t im a te s . 

( 3 ) A s uggested spec i f icat ion for use on seasonal l y  ad j us ted data 

1 0 1 A po s s i b l e sol u t ion to the se a sonal ad j us tmen t  pr ob lem may b e  to impo se 

r e s t r i c t ions on the coe f f i c ients o f  a g ener a l  equ a t io n  s uc h  that the l ag g ed 

var iables a r e  ave r aged ove r  the pr ev ious ye ar , undo i ng the seasonal ad j us tment , 

wh i l e  r e ta in ing a basic HUS s pe c i f i c at ion . The formul a t ion would impl y that 

con s ume r s  l oo k  b ac k  over all o f  the pr ev ious ye ar whe n  con s i d e r i ng the i r  

f ut ur e  cons umpt io n  pl ans ; t he y  ar e pr e sumed to compar e ad j us ted income ove r  

t he l as t  ye ar wi th c ur r en t  ad j us ted income , and to con s id e r  the ave r ag e  

l evel s o f  the l i quid asse t s/ ad j usted income and cons umpt ion/ad j us ted income 

r a t ios ov e r  the same pe r iod . Th i s seems a g r eat d eal mor e  pl aus ib le 

t han asse r t ing that consume r s  compare the i r  cur r ent i ncome e tc wi th the 

l ev e l s  in spec i f ic ear l ier quar te r s , eg the f i r st or the fo ur th , g iven the 

d i stor t ions c aused by seasonal ad j us tment . Th i s i s  not a new techn ique . 

In the o r ig i n al HUS ar t i cl e ,  t he in teg r al cont r o l  mec han i sm wa s o r ig i na l l Y  

s pec i f i ed a s  

I n ( L/Y * )
t_ l  

4 4 
I n  L: L

t 
. / L: Y*

t '  
i= l - 1  i= l - 1 

( 5 7 )  

Th i s  wa s sa id to g iv e  a v a r i ab l e  that i s  ' se l f- se asonal l y  ad j us ted ' wi th 

un ad j us ted d a t a . 

1 0 2 The spec i f i c a t ion s ug g e s ted is : 

+ 
( 1 n Y't - 1 n Y't ) 

+ 
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( 5 8 )  
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+ ( In X
t 1 

+ ln X + ln X + In X ) wher e X
t

impl ies - t- 2 t- 3 t- 4 
4 

fo r var i ab le X ( ie the g eome tr ic mean) and the othe r var i ables are  as d e f i ned 

in the desc r ipt ion of the HUS equa t ion above . 

1 0 3 Th i s  pr ocess i s  tantamoun t to adm i t t i ng tha t the pr ocess o f  seasonal 

ad j ustment make s the impo s i t ion of more pr ec i s io n  on the lag pr o f i le 

impl aus ible , and accept ing that there  i s  not enoug h i n format ion in the d ata 

to g iv e  a mor e accur ate pat te r n  of r esponse . It should also m i n im i se the 

b i ases caused by any i naccur ac ies in data measur ement ; i nstead of a 

one-pe r iod error be ing ab le to knoc k the equat ion off  t r ac k  ( a  fr equen t  

pr oblem in for ecast i ng ) , an equal er ror in four quar te r s  wo uld be r e qu i r ed to 

g iv e  the same b i as . Th i s  i s  pa r t icularly des i r able because of the equa t ions 

impo r tance ; h ar mon ics i n  i t  c an c ause i r reg ul ar pat ter ns in the whol e 

model ' s  fo r ec ast . 

1 04 Es t imat ion star ted wi th a freely e st imated g ener al equa t ion est imated 

on se asonal ly ad j usted d ata . Th i s  equation wa s successful l y  r estr ic ted to 

spec i f ic at ion ( 5 8 )  ( see table below) • 

Ne sted te s t i ng of the g ener al equat ion 

RSS t- k R F F c r  i t ic al 

( 1 )  Most g ener al ( 4  l ag s  o f  
C ,  6 l ag s  o f  L and Y )  . 0 0 1 3 1 8  3 6  

( 2  ) Re str ic ted to lag s 
inc l ud ed in this  equa t ion 
fr eely e s t imated . 00 1 46 40 4 1 . 07 2 . 6 1  

( 3  ) !1C and C/Y 

re str ic t ions impo sed . 0 0 1 5 1 5 4 3  3 0 . 54  2 . 8 

( 4 )  !1 1
L r estr ic tion 

impo sed . 0 0 1 567 44 1 • 5 1  4 . 0 4  

( 5  ) All  r e str  ictio ns impo sed . 0 0 1 6 1 2  49 5 0 . 6 2 2 . 4 

( 6  ) Compar ed wi th ( 2 )  . 0 0 1 6 1 2 4 9  9 0 . 56 2 .  1 
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1 0 5 The r e sul ts [ us ing 6.
+ 

to impl y X
t 

- X
t

+
] and e s t im a t ing ove r  

1 9 6 6 - 1 9 8 0 we r e : 

+ 
6. l nC 

t 
0 . 3 4 8 9 3 t 
( 1 0 . 3 ) 

lnY* 
t 

o .  1 08 8 2  6. 
1 

6.
+ 

l n Y* 
( 3 . 0 ) 

t 
( 5 9 )  

+ + 
- 0 . 1 00 4 6  I n ( C/ Y * ) + 0 . 0 3 2 59 I n ( L/Y* ) + 0 . 1 06 8 6  6. ln L

t_ 1 
- 0 . 0 4 0 2 1  

( 3 . 2 ) ( 3 . 5 ) ( 1 . 3 ) 1 ( 3 . 2 ) 

+ 0 . 0 1 1 56 6. 
+

068 + 0 . 0 1 96 9 6.  
+

07 3 + 0 . 0 1 7 1 4 6. +
07 9 

( 2 . 2 )  ( 3 . 7 ) ( 3 . 3 )  

-2 
R 0 . 8 4 5  S E  = 0 . 0 0 57 3 6  

1 9 6 6  Q 3  - 1 98 0  Q 4  

RSS 0 . 0 0 1 6 1 2  LM ( 8 ) = 1 5 . 3 

The standard er ror i s  l owe r than for any o f  the othe r spec i f i c at ions 

e s t i mated ov e r  th i s  pe r iod . The LM t e s t  for th i s  spec i fic at ion shows a l ac k  

o f  r e s id ua l  autoco r r el a t i on a t  the 9 5 %  level . 

1 06 
+ 

A r ea l  in ter e s t  r ate s im i l ar to that used by Hend r y  ( ie ( l nr - 6.
4

InP
_ 1

) ) 

w a s  t e s ted i n  t h i s  spec i f ic at ion but i t  f a i l ed the s ig n i f i c anc e test s ,  and 

i nd uc ed autoco r r el a t io n ,  so i t  wa s om i t ted . The spec i f ic at ion o f  the 
+ 

d i f f e r ence o f  l iquid as se ts a s  ( l nL
t_ 1 

- ( ln L
t_ 2

) ) wa s a l so un succe s s f ul , 

t ho ug h  i nc l u s i o n  as a f i r s t  d i f f e r ence ( a  common feature o f  o ther equa t ions)  

wa s fe l t  to be acceptab le . 

1 07 The e qua t ion h a s  a m uc h  smoothe r l ag r e spo n se than those fe a t ur i ng 

spec i f ic l ag s  o f  the d epe ndent var i ab l e  ( se e  f ig ur e 1 ) .  S i nc e  the equation 

i s  acc e pted compar ed wi th a g ener al equa t ion , this feature is empi r ic al l y  

wa r r anted a s  we l l  a s  b e ing d e s i r ab l e  i n  a n  equat ion . 

1 0 8 A compl ete an a l ys i s  o f  the pe r fo rmanc e o f  t h i s equa t ion ( on sea sonally 

ad j u sted d a ta , g iv e n  that it  wa s d e s ig ned for use on such d ata)  i s  shown i n  

Tab l e  1 9 . Of par t ic ul ar no te i s  that the equa t io n  i s  shown to be s upe r io r  

b y  t h e  non ne sted test ; s i nc e  the equa t ion al so h a s  a lowe r s tand ard e r ror 

than the o t he r s ,  t h i s  r e sul t would al so be acc epted on He nd ry ' s c r iter ion 

( par ag r aph 6 8 ) . Bo th o f  the e st ima tions pass a l l  o f  the d i ag no s t i c  tests , 

and par am e te r  s tab i l i t y  i s  mar ked . The l at te r  po in t  i s  a l so broug h t  out b y  

the r e s u l t s  o f  the s t ab i l i ty ana l ys i s  ( see table 1 9  a n d  figure 8 ) . 



- 4 5  -

1 0 9 Of cour se , t he fac t that th i s  equa t ion out pe r fo rms ot her s on a new d at a  

s e t  a nd has no t as ye t shown sys tem a t i c b i a s  need no t impl y that i t  wi l l  

always d o  so ; the ul t imate te st o f  a spec i f ic at ion i s  r ob u s tness ov er 

chang e s  i n  the data a s  no ted in par ag r aph 4 9 .  Fo r th i s  r e ason , i t  i s  

nece ssar y to be c a ut ious i n  asse ss i ng the spec i f ic at ions ' appa r en t  

supe r ior i t y .  

1 1 0  A v ar iant o f  t h i s  spec i f ic at ion has cur ren t l y  been adopted fo r use i n  

the Ban k o f  Eng l and qua r te r l y  model . Al though i t  i s  s t i l l  ear l y  d a ys , i t  

has shown v e r y  sma l l and un sys tema t i c  e r r or s  over the f ive d a t a  po i n t s  

( 1 9 8 1  Q 1  - 1 98 2  Q 1 )  tha t i t  h a s  pas sed s i nc e  est imat ion , and , a s  s uc h , i t s 

fo r ec as t  pa th r equi r ed no r e s idual adj us tmen t i n  the s umme r 1 9 8 2  shor t term 

for ec a s t . 

( 4 )  F u r ther wor k 

( a )  Some long r un pr ope r t i e s  and g rowt h e l a st ic i t i e s  o f  the equa t i o n s  have 

not ye t been e s t imated ( tho ug h i nd icat i on s  ar e that the spec i f i c at i ons a r e  

r ather s im i l ar ) . 

( b)  Fur ther r e se ar c h  i n to a more appr opr i ate d e f i n i t i on o f  i ncome fo r 

cons umpt ion d ec i s ions m ig ht be appr opr i a te , fo r ex ampl e ded uc t io n  o f  own er 

occ upi ed rent and net con t r ibut ions to l i fe and pe n s i o n  f und s , ' l abour ' 

i ncome as oppo sed to i ncome from othe r  so ur c e s , o r  the r e i n tr od uc t i o n  o f  

Tbwnend ' s  g r ant/nong r an t  conce pt . 

( c )  Eve n  the i nc l us ion o f  a l i qu id asse t iden t i ty d oe s  not ful ly appr ox im a te 

the behav i our o f  t he equa t ions i n  a compl ete mac roeconom i c  mod e l . As no ted , 

no r e spo n se o f  i ncome to con sumpt ion has been model led abov e , wh ich wou l d  

i nc r ease , fo r ex am pl e ,  the r esponse o f  con s umpt i on t o  an i n i t i a l  inc r e a se i n  

i nc ome . The r e spon se s o f  the equa t ions wh en f i tted i n to a compl ete mod e l  

m ig h t  be v e r y  d i f fe r en t ,  a nd should b e  te sted . 

( d )  Deb ate i s  l i ke l y  to con t i n ue o n  the best d e f i n i t io n  o f  we a l t h  t o  use i n  

cons umpt ion f unc t ions . 
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APPENDI X 1 

Wal E s  Cr i t i que 

Suppose that one has e st imated the spec i f ic at ion 

C = a + B Y + U  
t t t 

on se asonal ly un ad j usted d ata , a s  one m ig h t  i f ,  wi th He nd r y ,  one has 

arg ued that there i s  mor e  economic i n fo rmat ion i n  un ad j usted than sa 

data . Then , s uppose one wi shes to estimate i t  us ing sa d ata , g iven 

( 4 7 )  

t h i s  i s  the type of d ata requi r ed to g iv e  acceptable answe r s  to cons umer s  

o f  econom ic fo recasts . Assume that the d ata has been f i l ter ed using 

a l i near l ag g ed and led f unc t ion , so 

whe r e  ( L )  i s  a r ational lag polynom i al 

a(L) 
eeL) 

and 

Now ,  one i s  tr yi ng to estimate 

c
a 

t 
= a + B y

a 
t 

+ V 
t 

but 

Suppo se the s ame f i l ter s are used for each v ar i able , that i s  

n ( L )  = t,; ( L )  

then o n e  c an ex tr act the common fac tor , so : 

V
t 

= [ 1  + ( 1  - n ( L ) ] U
t 

• 

( 4 8 )  

( 4 9 )  

( 5 0 )  

( 5 1 ) 

( 5 2 )  

( 5 3 )  
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a mov i ng ave r age er ror pr oce ss th at can in pr i nc iple be taken account 

o f  in e s t imat ion , a nd whe r e  i f  i t  were pe r fectly model led , the e s t imates o f  

and wou ld not be a l t e r ed .  However s uppose d i f fe r ent f i l t e r s  ar e used , as 

is norma l , that i s : 

Tl ( L )  r � (L )  

and as sum i ng that one c a n  expres s :  

Tl ( L )  = � ( L) * e (L )  

then one c a n  s t i l l  e l i m i nate ( L )  and ext r ac t  the common factor 

( 1 - ( L ) ) 

bu t one has an ext r a  term i n  Y inc l uded i n  the er ror  p r oces s :  
t 

( 1  - ( (  1 - Tl ( L ) ) U
t 

+ B e  (L )  Y 
t 

Th i s  b i ases the coe f f ic ient o f  B and imp l i e s  that one i s  no lo nge r 
t 

est imat i ng the same mode l .  

( 5 4  ) 

( 5 5 )  

( 5 6 ) 
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in  £mn , 1 97 5  pr ices 

1 9 7 6  1 97 7  1 97 8  1 9 7 9  1 98 0  

nd ry , l a  o f f  226 502 9 3 4  1 , 3 28 7 1 1 
l a  on 226 38 1 9 9 3  1 , 1 6 9 5 9 5  

S 3 9 7  7 4 7  2 , 1 64 4 ,  1 0 1  4 , 7 3 7  

I ,  l a  o f f  6 7 7  1 , 0 4 7  1 , 3 60 1 , 0 5 2  4 6  
l a on 6 7 3  1 , 0 3 4  1 , 3 7 9  1 , 0 8 1 7 3  

l a  o f f  6 1 2 1 , 1 5 8 2 , 445  3 , 1 3 0 3 , 07 0  
l a  on 6 1 1 1 , 1 28 2 , 295  3 , 0 1 6  3 , 1 1 3  

- 1 9 1 8 1 0 5 1 5 5 - 5 3 2  

- 3 5 3  98 1 6 5 2 4 2  - 4 2 9  

end la o f f  4 6  8 7 6  74 1 307 - 5 7 0  
l a  on 1 59 6 5 3  6 2 5  3 0 2  - 6 4 7  

UMMARY STATISTICS 

The i l s  ' u '  UM Mean absolute % RM S  
er r or er ror 

nd r y ,  l a o f f  1 . 2 0 1  0 . 0 02 2 1 5 1 . 7 
l a  on 1 .  1 54 0 . 0 0 1  1 6 8 1 . 5 

S 0 . 7 9 0 . 1 7 2 6 0 8  4 . 7  

I ,  l a  o f f  0 . 9 6 7  0 . 0 0 3  24 1 1 . 8 
l a  on 0 . 9 8 9  0 . 0 0 3  242  1 . 8  

l a o f f  0 . 9 1 9 0 . 045  52 1 3 . 7  
l a  on 0 . 9 7 9  0 . 0 3 7  50 8 3 . 6  

0 . 7 2 7  0 . 0 0 1  1 0 0 . 7  0 . 8  

0 . 6 8 5  0 . 0 0 0  98  0 . 8  

end l a  o f f  0 . 7 5 7  0 . 0 0 2 4  1 57 1 . 2 
la on 0 . 9 3 8  0 . 0 0 3 2  1 46 1 . 4  



TABLE 1 2  
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EFFt:CTS ON THE SAVI NG RAT IO OF A 1 %  I NC REASE I N  THE RATE OF INFLATION 

( PE RCENTAGE PO I NT S ) 

( a )  6 6 8 0  e st imate 

Town e nd HUS N I  He nd r y  DHSY HMT 

7 0  O .  1 O .  1 2 5 0 . 0 5 0 . 1 2 5 0 . 0 7 5  O .  1 
7 1  0 . 2 0 . 2 7 5  0 . 1 7 5 0 . 2 5  0 . 1 7 5 0 . 2 

7 2  0 . 3  0 . 4 0 . 2 7 5  0 . 3 5  0 . 275  0 . 3 

7 3  0 . 4 0 . 5 2 5  0 . 3 2 5  0 . 4 2 5  0 . 3 7 5  0 . 4 

7 4  0 . 4 5 0 . 6  0 . 4 0 . 5 5 0 . 4 2 5  0 . 4 

7 5  0 . 5 0 . 67 5  0 . 4 0 . 5 5 0 . 4 7 5  0 . 5 

7 6  0 . 5 2 5  0 . 8  0 . 3 7 5  0 . 7 2 5  0 . 5 5 0 . 5 

7 7  0 . 6  1 .  0 2 5  0 . 3 7 5  0 . 9 5 0 . 57 5  0 . 6  

7 8  0 . 6 5 1 . 2  0 . 3 2 5  1 .  1 2 5 0 . 6  0 . 6  

7 9  0 . 7  1 . 4  0 . 3 2 5  1 .  3 2 5  0 . 6  0 . 6  

8 0  0 . 7  1 . 5 2 5  0 . 3 2 5  1 .  4 5  0 . 6 7 5  0 . 6 

( b) Or ig i nal est imate 

Town end DHSY HUS N I  He nd ry lMT 

7 0  O .  1 O .  1 7 5 O .  1 O .  1 2 5 0 . 0 5 O .  1 

7 1  0 . 3 0 . 2 5  0 . 2 7 5  0 . 3 0 . 1 7 5  0 . 2  

7 2  0 . 4 0 . 3 5  0 . 4 U . 4 5 0 . 1 7 5 0 . 3 

7 3  0 . 5  0 . 3 5 0 . 5 2 5  0 . 575  0 . 2 2 5  0 . 4  

7 4  0 . 6  0 . 4 2 5  0 . 6 5 0 . 6 7 5  0 . 2 5 0 . 4  

7 5  0 . 6 2 5  0 . 4 5 0 . 7 7 5  0 . 6 5 0 . 3 2 5  0 . 5 

7 6  0 . 7 7 5  0 . 5 2 5  0 . 8 5 0 . 5 7 5  0 . 4 7 5  0 . 5 

7 7  0 . 8  0 . 5 5 1 . 1 7 5 0 . 5 7 5  0 . 7 2 5  0 . 575  

78  0 . 9  0 . 6 2 5  1 . 3 7 5  0 . 5 2 5  0 . 9 7 5  0 . 6  

7 9  0 . 9 5 0 . 62 5  1 .  5 2 5  0 . 5 5 1 . 2  0 . 6 

8 0  1 . 0 0 . 6 2 5  1 • 7 0 . 5 1 . 3 7 5  0 . 6 

( c ) 6 6 8 0  e s t imate w i th l iquid i t y  feedbac k  

Townend HUS N I  He nd r y  

7 0  O .  1 O .  1 2 5 0 . 0 2 5  O .  1 

7 1  O .  1 2 5 0 . 2 7 5  O .  1 5  0 . 2 2 5  

7 2  0 . 2 0 . 3 2 5  0 . 2 5 0 . 2 5  

7 3  0 . 2  0 . 3 7 5  0 . 3 0 . 3 

7 4  0 . 2 2 5  0 . 4 5 0 . 3 7 5  0 . 3 7 5  

7 5  I 0 . 2 2 5  0 . 4 5  0 . 3 7 5  0 . 3 7 5  

7 6  0 . 2 2 5  0 . 5 0 . 3 7 5  0 . 3 7 5  

7 7  0 . 2 2 5  0 . 6 2 5  0 . 4 2 5  0 . 4 5  

7 8  0 . 2 2 5  0 . 6 5 0 . 35  0 . 5 

7 9  0 . 2 2 5  0 . 7 2 5  0 . 3 5  0 . 55 

8 0  0 . 2 2 5  0 . 7 5 0 . 3 7 5  0 . 5 5 

LBS 

O .  1 2 5 
0 . 2 7 5  
0 . 4 2 5  
0 . 55 
0 . 6 5 
0 . 7 5 
0 . 8 5 
0 . 9 7 5  
1 .  0 2 5  
1 .  0 2 5  
1 • 1 

LBS 

O .  1 7 5 
0 . 275  
0 . 3 5 
0 . 4 2 5  
0 . 4 7 5  
0 . 5  
0 . 5 2 5  
0 . 57 5  
0 . 6  
0 . 6  
0 . 6  
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TABLE 1 3  

EFFECTS ON THE SAVI NG RAT IO OF A 1 % I NC REASE IN REAL INCCN E GROWTH 
( I N PERC EN'rAGE PO I NTS ) 

( a )  6 6 8 0  e st imate 

Town e nd Hend ry LB S NI HUS DHSY l-M T  

7 0  0 . 5 5  0 . 57 5  0 . 6 7 5  0 . 5 0 . 5 5 0 . 5 0 . 4 7 5  
7 1  1 . 0  0 . 9 7 5  1 . 3 2 5  0 . 9  0 . 9 5 0 . 9 7 5  0 . 8 7 5  
72  1 . 3 2 5  1 .  2 5  1 . 7 7 5  1 . 2  1 .  3 5  1 . 2 2 5  1 • 1 2 5 
7 3  1 . 6 2 5  1 . 57 5  2 . 1 7 5 1 . 5  1 . 7 2 5  1 . 5 2 5  1 . 4  
7 4  2 . 0 5  1 . 9  2 . 6 7 5  1 . 8  2 .  1 2 5 1 . 8  1 . 7  
7 5  2 . 4 5 2 . 1 5  3 . 1 7 5 2 . 0 2 . 4 2 . 0 7 5  1 . 9  
7 6  2 . 8 2 5  2 . 4 5  3 . 5 5 2 .  1 2 5 2 . 7 7 5  2 . 3 2 .  1 2 5 
7 7  3 . 2 5 2 . 8 7 5  4 . 0 2 5  2 . 3 7 5  3 . 2 2 5  2 . 5 2 . 3 7 5  
7 8  3 . 4  3 . 0 7 5  4 .  1 2 5 2 . 4 3 . 4 5 2 . 5 2 5  2 . 4  
7 9  3 . 5 2 5  3 . 2 7 5  4 . 2 5 2 . 4 7 5  3 . 6 7 5  2 . 5 7 5  2 . 4 7 5  
8 0  3 . 8 7 5  3 . 4 5 4 . 4 7 5  2 . 5 7 5  3 . 8 7 5  2 . 7 2 . 6  

( b ) Or ig i n a l  est imate 

Town end DHSY HUS N I  Hend r y  lM T  LBS 

70 0 . 4 7 5  0 . 4 7 5  0 . 4 5 0 . 5 5  0 . 4 5 0 . 5 0 . 6 2 5  
7 1  0 . 7 7 5  0 . 8 7 5  0 . 7 7 5  1 . 0 2 5  0 . 9 2 5  0 . 8 7 5  1 • 1 2 5 
7 2  1 . 1 2 5 1 .  1 25 1 . 0 2 5  1 . 3 2 5  1 . 2 2 5  1 .  1 7 5 1 . 3 7 5  
7 3  1 .  4 2 5  1 .  3 7 5  1 .  3 2 5  1 . 6  1 . 6  1 .  4 2 5  1 .  6 2 5  
7 4  1 . 7  1 . 67 5  1 . 6  1 .  8 7 5  1 .  9 7 5  1 . 7 2 5  1 . 9  
7 5  2 . 0 5 1 . 9  1 .  7 5  2 . 0 2 5  2 . 3  1 . 97 5  2 .  1 2 5 
7 6  2 . 4 2 .  1 7 5 2 . 0  2 .  1 2 . 7 2 .  1 7 5 2 . 3 
7 7  2 . 7 7 5  2 . 4 2 . 3 7 5  2 . 2 2 5  2 . 2 2 5  2 . 3 7 5  2 . 4 5 
7 8  2 . 9 2 5  2 . 4 7 5  2 . 5 5 2 . 2 3 . 5 7 5  2 . 4 2 . 4 2 5  
7 9  3 . 0 5 2 . 5 5 2 . 8 2 . 2 5 3 . 8 7 5  2 . 4 5  2 . 4 
80 3 . 3 5  2 . 7 2 . 9 7 5  2 . 3 4 . 2 2 5  2 . 6 2 . 4 5  

( c )  L i qu i d i t y  Feedbac k ( 6 6 8 0  est imate ) 

Town end HUS Hend ry NI 

70 0 . 5 7 5  0 . 5 5  0 . 5  0 . 4 7 5  
7 1  0 . 9 5 0 . 9 7 5  0 . 9 2 5  0 . 8 7 5  

72  1 . 2 2 5  1 .  3 5  1 . 1 7 5 1 . 1 7 5 

7 3  1 .  5 5  1 .  6 5  1 .  4 7 5  1 . 4 5 

7 4  1 . 92 5  2 . 0 2 5  1 .  7 5  1 .  7 5  

7 5  2 . 2 5 2 . 2 7 5  1 .  9 5  1 . 97 5  

7 6  2 . 6 5 2 . 6 2 . 2 7 5  2 .  1 5  
7 7  3 . 0 5 2 . 9 5 2 . 5 2 . 4 

7 8  3 .  1 5  3 . 0 7 5  2 . 6  2 . 4 

79 3 . 2 5 3 . 2 5 2 . 7  2 . 4 7 5  

8 0  3 . 5 7 5  3 . 4 5 2 . 8  2 . 5 5 
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TAB LE 1 4  

EF FECTS ON THE SAV I NG RAT IO OF A ONE-PER IOD S HOC K OF £ 4 3 0 M I LL ION TO 

MONEY I NCCME [ EQUAL TO £ 4 3 0  M I LL ION INC REASE IN REAL INCCM E ]  ( PE RC ENTAGE PO I NTS ) 

( a ) 6 6 8 0  e s t imate 

Town e nd DHSY HUS NI He nd r y  lM T  LBS 

7 0  0 . 6  0 . 6  0 . 6 2 5  0 . 6  0 . 6  0 . 5 5 0 . 8 2 5  

7 1  -0 . 0 5 -0 . 1 -0 . 0 2 5  -0 . 066  -0 . 0 5 -0 . 07 5  -0 . 1 

7 2  0 -0 . 0 7 5  -0 . 0 2 5  -0 . 0 5 -0 . 02 5  -0 . 0 7 5  -0 . 1 

7 3  0 -0 . 0 7 5  -0 . 0 5 -0 . 0 5 -0 . 0 2 5  -0 . 0 5 -0 . 0 2 5  

7 4  0 -0 . 0 5 -0 . 0 2 5  -0 . 0 5 -0 . 0 2 5  -0 . 0 5 0 

7 5  0 -0 . 0 5 0 -0 . 0 5 0 -0 . 0 5 0 

7 6  0 -0 . 0 5 0 -0 . 0 2 5  -0 . 0 2 5  -0 . 0 5 0 

7 7  0 -0 . 0 2 5  0 -0 . 0 2 5  -0 . 0 2 5  -0 . 0 2 5  0 

7 8  0 -0 . 0 2 5  0 -0 . 0 2 5  0 -0 . 02 5  0 

7 9  0 -0 . 02 5  0 -0 . 0 2 5  0 -0 . 0 2 5  0 

8 0  0 -0 . 0 2 5  0 -0 . 0 2 5  0 - 0 . 0 2 5  0 

( b )  O r  i g  i n a l  est imate 

Townend DHS Y  HUS N I  He nd r y  lM T  LBS 

7 0  0 . 4 2 5  0 . 5 5 0 . 5 0 . 7  0 . 5 5 0 . 57 5  0 . 6 7 5  

7 1  -0 . 0 5 -0 . 0 5 -0 . 0 2 5  -0 . 1 2 5  0 5 -0 . 0 7 5  -0 . 1 2 5 

7 2  0 -0 . 0 2 5  0 -0 . 1 -0 . 0 2 5  -0 . 05 -0 . 1 

7 3  0 -0 . 0 2 5  -0 . 0 2 5  -0 . 0 75  0 -0 . 0 5 -0 . 1 

7 4  0 -0 . 0 2 5  -0 . 0 2 5  -0 . 0 7 5  0 -0 . 0 2 5  -0 . 1 

7 5  0 -0 . 0 2 5  0 -0 . 0 5 0 -0 . 0 5 -0 . 1 

7 6  0 -0 . 0 2 5  -0 . 0 2 5  -0 . 0 5 0 -0 . 0 5 0 

7 7  0 - 0 . 0 5 -0 . 0 2 5  -0 . 0 5 0 -0 . 0 5 0 

7 8  0 -0 . 0 2 5  0 -0 . 0 2 5  -0 . 0 2 5  -0 . 0 2 5  0 

7 9  0 -0 . 0 2 5  0 -0 . 0 2 5  0 -0 . 0 2 5  0 

8 0  0 -0 . 0 2 5  0 -0 . 0 2 5  0 -0 . 0 2 5  0 

( c )  L i qu i d  As se t s  Fed Bac k ( 6 68 0  e st imate ) 

Townend H US Hend r y  N I  

7 0  0 . 6  0 . 6 2 5  0 . 57 5  0 . 6 5 

7 1  -0 . 0 7 5  - 0 . 0 5 -0 . 0 0 5  -0 . 1 

7 2  0 -0 . 0 2 5  -0 . 0 5 -0 . 0 5 

7 3  0 -0 . 0 2 5  -0 . 0 5 -0 . 0 5 

7 4  0 -0 . 0 2 5  -0 . 0 5 -0 . 0 5 

7 5  0 -0 . 0 2 5  -0 . 0 5 -0 . 0 5 

7 6  0 -0 . 0 2 5  -0 . 0 5 -0 . 0 5 

7 7  0 -0 . 0 2 5  -0 . 0 2 5  -0 . 0 5 

7 8  0 -0 . 0 5 0 -0 . 0 2 5  

7 9  0 -0 . 0 2 5  0 0 

8 0  0 -0 . 0 2 5  0 -0 . 0 2 5  
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TABLE 1 5  

EFFECTS ON THE SAVI NG RAT IO OF I NCREAS I NG PR ICES BY 5% I N  ONE PERIOD 
( I N  PE RCENTAGE PO I NTS ) 

( a) 6 6 8 0  est imate 

Town end DHSY HUS N I  Hend r y  rM T  LBS 

7 0  -0 . 4  -0 . 5 2 5  -0 . 5  -0 . 5 5 -0 . 4 75  -0 . 57 5  -0 . 6 2 5  
7 1  0 . 0 5 0 . 7 5  O .  1 0 . 1 2 5 O .  1 5  0 . 7 5  0 
7 2  0 0 . 0 5 -0 . 0 5 0 . 0 5 -0 . 2 5 0 . 0 5 0 
7 3  0 0 . 0 5  0 . 0 5  0 . 05 0 . 0 7 5  0 . 0 5 0 
7 4  0 0 . 0 2 5  0 . 0 7 5  0 . 0 5  0 . 0 5 0 . 0 5 0 
7 5  0 0 . 0 2 5  0 . 0 5 0 . 0 2 5  0 . 0 5 0 . 0 2 5  0 
7 6  0 0 . 0 2 5  0 . 0 2 5  0 . 0 2 5  0 . 0 5 0 . 0 2 5  0 
7 7  0 0 0 . 0 5 0 . 0 2 5  0 . 0 2 5  0 . 0 2 5  0 
7 8  0 0 0 . 0 5 0 . 0 2 5  0 . 02 5  0 . 0 2 5  0 
7 9  0 0 0 . 0 2 5  0 . 02 5  0 . 0 2 5  0 . 0 2 5  0 
80  0 0 0 . 0 2 5  0 0 . 0 2 5  0 . 0 2 5  0 

( b )  Or ig i n a1 est imate 

Towne nd DHSY HUS N I  He nd r y  fM T  LBS 

70  -0 . 2 7 5  -0 . 4  -0 . 3 25 -0 . 6 5 -0 . 5 5 -0 . 4 5 -0 . 4 5 
7 1  0 . 0 5 0 . 02 5  0 . 1 5  O .  1 7 5 -0 . 1 2 5 0 . 0 5 0 . 0 2 5  
7 2  0 0 . 0 2 5  -0 . 1 0 . 0 7 5  -0 . 0 7 5  0 . 0 5 O .  1 
7 3  0 0 . 0 2 5  0 . 0 5 0 . 0 7 5  0 . 0 7 5  0 . 0 2 5  O .  1 
74  0 0 . 0 2 5  0 . 0 5 0 . 0 5 0 . 0 5 0 . 0 2 5  0 . 0 5  
75  0 0 . 0 2 5  0 . 0 2 5  0 . 0 5 0 . 0 5 0 . 0 5 0 
7 6  0 0 . 0 2 5  0 . 0 2 5  0 . 0 5 0 . 0 5 0 . 0 2 5  0 
7 7  0 0 . 0 2 5  0 . 0 2 5  0 . 0 2 5  0 . 0 5 0 . 0 2 5  0 
7 8  0 0 . 0 2 5  0 0 . 0 2 5  0 . 0 2 5  0 . 0 2 5  0 
79  0 0 . 0  0 . 0 2 5  0 . 0 2 5  0 . 0 2 5  0 . 0 2 5  0 
8 0  0 0 . 0 0 . 0 2 5  0 . 0 2 5  0 . 0 2 5  0 . 0 2 5  0 

( c )  Wi th L i q u id As se ts Fed Back ( 6 6 8 0  est imate ) 

Town end HUS Hend r y  N I  

70 -0 . 4 5 -0 . 5  -0 . 4 7 5  -0 . 57 5 
7 1  0 . 0 2 5  O .  1 O .  1 5  O .  1 
7 2 0 - 0 . 0 7 5  -0 . 02 5  0 . 0 2 5  
7 3 0 0 . 0 5 0 . 0 2 5  0 . 0 2 5  
7 4  0 0 . 0 5 0 . 0 2 5  0 . 0 2 5  
7 5 0 0 0 . 0 5 0 . 0 2 5  
7 6  0 0 . 0 5 0 . 0 5 0 . 0 2 5  
7 7 0 0 . 0 5 0 . 0 2 5  0 . 0 2 5  
7 8  0 0 . 0 5 0 . 0 5 0 . 0 2 5  
79 0 0 . 0 5 0 . 0 5 0 . 0 2 5  
8 0  0 0 . 0 2 5  0 0 . 0 2 5  
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TABLE 1 6  

EFFECTS ON THE SAVI NG RAT IO OF I NCREAS ING MONEY INCOMES BY £ 4 3 0  MN 
PER QUARTER ( I N PERCENTAGE POINTS ) 

( a )  6 68 0  e s t  imate 

Town end DHSY HUS NI He nd ry fMT LBS 

7 0  2 . 6 7 5  2 . 6 2 . 6 2 . 27 5  2 . 3 7 5  2 . 3 7 5  3 . 1 7 5 
7 1  1 .  8 5  1 . 8 5 1 .  9 7 5  1 . 82 5  1 . 82 5  1 . 67 5  2 . 7  
7 2  1 .  4 2 5  1 . 27 5  1 . 55 1 . 3  1 . 3 7 5  1 . 1 7 5 2 . 0 2 5  
7 3  1 .  1 5  8 . 7 5 1 . 2 25 0 . 9 1 . 0 7 5  0 . 8 1 . 5  
7 4  1 . 0  0 . 5 5 0 . 9 7 5  0 . 5 7 5  0 . 8 7 5  0 . 5 5  1 .  1 25 
7 5  0 . 8  0 . 2 7 5  0 . 7  0 . 0 2 5  0 . 55 0 . 2 5 0 . 7 2 5  
7 6  0 . 7 2 5  0 . 0 7 5  0 . 5 5  -0 . 0 2 5  0 . 4 O .  1 0 . 4 5 
7 7  0 . 6 5 -0 . 0 7 5  0 . 4 7 5  -0 . 1  0 . 3 5 0 0 . 3 2 5  
7 8  0 . 57 5  -0 . 2  0 . 3 5 -0 . 2  0 . 2 5  -0 . 1  O .  1 
7 9  0 . 3 7 5  -0 . 3  0 . 275  -0 . 3  0 . 1 5  -0 . 2  -0 . 5  
8 0  0 . 3 2 5  -0 . 3  0 . 225 -0 . 4  O .  1 -0 . 3  - 1 . 7 5 

( b)  Or ig inal est imate 

Townend DHSY HUS NI Hend r y  fMT LBS 

7 0  2 . 3 5  2 . 2 2 5  2 . 1 7 5 2 . 6 7 5  2 . 2 5 2 . 4 7 5  2 . 9 5 

7 1  1 .  6 1  1 . 6 2 5  1 . 5  2 . 0 2 5  1 .  7 5  1 . 7 2 5  2 . 07 5  

7 2  1 . 2 2 5  1 .  1 5  1 .  1 5  1 . 3  1 . 4 7 5  1 . 1 7 5 1 . 2  

7 3  1 . 0 0 . 8 5 0 ., 975  0 . 7 7 5  1 . 275  0 . 8 0 . 6 2 5  

7 4  0 . 7 7 5  0 . 6 2 5  0 . 7 2 5  0 . 3 7 5  1 .  1 25 0 . 5 2 5  0 . 25 

7 5  0 . 7  0 . 3 2 5  0 . 4 7 5  -0 . 0 2 5  0 . 8 7 5  0 . 2 2 5  -0 . 1 

7 6  0 . 6 2 5  0 . 2 0 . 3 7 5  -0 . 25 0 . 7 7 5  0 . 0 5  -0 . 2 5 

7 7  0 . 5 5  0 . 0 7 5  0 . 3 5 -0 . 4  0 . 7 2 5  -0 . 0 5 -0 . 3 5 

7 8  0 . 4 5  0 0 . 3 -0 . 5  0 . 6 2 5  -0 . 1 75  -0 . 4  

7 9  0 . 3 5 -0 . 1  0 . 2 -0 . 52 5  0 . 52 5  -0 . 275  -0 . 4 7 5  

8 0  0 . 3 -0 . 2  0 . 1 75 -0 . 57 5  0 . 4 5 -0 . 3  -0 . 5  

( c )  L i qu id i ty fed bac k ( 6 68 0  est imate) 

Townend HUS Hend ry NI 

70 2 . 6 2 5  2 . 5 7 5  2 . 3 5  2 . 2 7 5  

7 1  1 . 7 7 5  1 .  9 2 5  1 . 7 5 1 .  8 2 5  

7 2  1 . 3 1 .  4 5  1 . 25 1 .  2 7 5  

7 3  1 .  0 5  1 . 1 0 . 9  0 . 8 7 5  

7 4  0 . 8 7 5  0 . 8 2 5  0 . 6  0 . 575  

7 5  0 . 7  0 . 5 2 5  0 . 3 5  0 . 2 5 

7 6  0 . 6 2 5  0 . 3 7 5  0 . 1 7 5 0 . 0 7 5  

7 7  0 . 5 5 0 . 2 5 0 . 075  -0 . 05 

7 8  0 . 4 2 5  O. 1 25 -0 . 02 5  -0 . 0 7 5  

7 9  0 . 3 2 5  -0 . 02 5  -0 . 1 2 5 -0 . 2 5 

8 0  0 . 3 -0 . 1  -0 . 2  -0 . 3  



- 6 3  -
TAB LE 1 7  

EFFECTS ON 'l'HE SAVING RAT IO OF INCREAS ING MONEY INCOMES BY 5 %  EACH QUARTER 
( I N PERCENTAGE POINTS ) 

( a ) 6 6 8 0  est ima te 

Townend DHSY HUS NI Hend r y  fM T  LBS 

7 0  2 . 8  2 . 5 2 . 7 2 5  2 . 4 2 . 5 2 . 5 7 5  3 . 3 5 
7 1  2 .  1 7 5 2 .  1 2 5 2 . 3  2 . 1 7 5 2 .  1 2 5 2 . 0 3 .  1 2 5 
7 2  2 . 0 2 5  1 . 8 2 .  1 5  1 . 8 7 5  1 .  95  1 . 7 2 . 7 5 
7 3  1 .  9 2 5  1 .  5 5  2 1 . 6  1 . 7 7 5  1 . 5  2 . 4 7 5  
7 4  1 . 9  1 . 3 7 5  1 . 92 5  1 . 4 1 • 7 1 . 3  2 . 3 5 
7 5  1 . 8 7 5  1 . 2  1 . 8  1 . 2  1 .  5 5  1 .  1 7 5 2 .  1 7 5 
7 6  1 .  92 5 1 .  0 5  1 .  7 5  1 . 0  1 .  4 7 5  1 .  0 5  2 . 0 5  
7 7  1 .  92 5 0 . 9 1 . 7 7 5  0 . 8 1 .  4 7 5  0 . 97 5  1 .  9 2 5  
7 8  1 .  8 5  0 . 8 1 . 7  0 . 7  1 . 4  0 . 8  1 .  6 7 5  
7 9  1 .  7 7 5  0 . 6 7 5  1 .  65  0 . 6  1 .  3 7 5  0 . 7  1 . 5 7 5  
80 1 . 7 2 5  0 . 6  1 . 6  0 . 5 1 . 3  0 . 6 1 . 4  

( b) Or ig inal est ima te 

Townend DHSY HUS NI He nd ry fMT LB S 

7 0  2 . 5 2 . 3 5  2 . 3 2 5  2 . 8  2 . 3 7 5  2 . 5 7 5  3 .  1 5  
7 1  1 .  9 2 5  1 . 9 1 . 7 2 5  2 . 3 7 5  2 . 0 5 2 . 0  2 . 4 2 5  
7 2  1 . 7 2 5  1 .  6 5  1 . 62 5  1 . 9  2 . 0 2 5  1 .  7 1 .  8 7 5  
7 3  1 .  6 2 5  1 . 5  1 .  5 2 5  1 . 5  2 . 0  1 . 4 7 5  1 . 4 2 5  
74  1 .  65  1 . 3 5 1 . 4  1 .  2 5  1 .  9 7 5  1 . 5 2 5  1 .  1 2 5 
7 5  1 . 6  1 .  275  1 . 2 7 5  0 . 9 5  1 . 9 1 .  1 5  0 . 9  
7 6  1 .  6 2 5  1 . 1 7 5 1 .  225  0 . 6 5 1 .  9 5  1 . 0 0 . 7 5 
7 7  1 .  6 7 5  1 . 0 2 5  1 . 2 7 5  0 . 5 2 . 0 5 0 . 9 0 . 6 2 5  
7 8  1 . 57 5  0 . 9  1 .  2 5  0 . 3 2 . 0 0 . 8 0 . 4 5 
7 9  1 . 5  0 . 8  1 .  275  0 . 2 2 . 0 0 . 6 7 5  0 . 3 5 
8 0  1 . 5  0 . 7 1 . 1 7 5 O .  1 1 . 9 7 5  0 . 6  0 . 2 7 5  

( c )  L i quid i ty feedbac k ( 6 6 8 0  est imate ) 

Townend HUS Hend ry NI 

7 0  2 . 7 5 2 . 7  2 . 4 5  2 . 3 7 5  
7 1  2 . 0 75 2 . 2 5 1 .  9 7 5  2 .  1 
7 2  1 . 8 7 5  2 . 0 2 5  1 .  7 5  1 . 8 
73  1 . 7 7 5  1 .  8 5  1 .  5 5  1 .  5 2 5  
1 4  1 . 7 1 .  7 5  1 . 4 7 5  1 . 4  
7 5  1 . 7 1 .  5 7 5  1 . 2 5 1 . 2  
7 6  1 . 7 2 5  1 . 5  1 . 1 7 5 1 . 0  
77 1 . 7 7 5  1 . 4 1 . 1  0 . 8 7 5  

7 8  1 .  6 5  1 . 3 2 5  0 . 9 7 5  0 . 7 2 5  
79  1 . 57 5  1 . 2  0 . 8 7 5  0 . 62 5  

80 1 .  55 1 1 0 . 7 5  0 . 5 5 



- 6 4 -
TABLE 1 a 

EFFECTS ON THE SAVI NG RAT IO OF I NC REAS ING PRICES BY 5% EACH QUARTER 
( PERCENTAGE PO INTS ) 

( a) 6 6 8 0  e st imate 

Townend DHSY HUS N I  Hend ry lMT LBS 

7 0  -2 . 0  -2 . 1 -2 . 1 2 5  -2 . 2 2 5  - 1 . 9 5 - 1 . 9 7 5  -2 . 8 2 5  

7 1  - 1 . 3 7 5  - 1 . 5 7 5  - 1 . 3 7 5  - 1 . 5 2 5  - 1 . 27 5  - 1 . 5 -2 . 3 75 

7 2  - 1 . 1 7 5 - 1 . 3 5 - 1 . 5 - 1 . 3 2 5  - 1 . 4 5 - 1 . 3  -2 . 0 5 

7 3  - 1 . 1 2 5 - 1  • 1 5  - 1 . 4 2 5  - 1  • 1 5  - 1 . 2 25  - 1 . 1  - 1 . 8 7 5  

7 4  - 1 . 1 - 1 . 0 - 1 . 2 5 - 1 . 0 7 5  -0 . 9 7 5  - 1 . 0  - 1 . 7 5 

7 5  - 1 . 1 -0 . 8 7 5  - 1 . 0 7 5  -0 . 9 5 -0 . 8 2 5  -0 . 8 7 5  - 1 . 6  

7 6  - 1  • 1 -0 . 7 7 5  -0 . 9 5 -0 . 8 7 5  -0 . 6 7 5  -0 . 8  - 1 . 5 

7 7  - 1 . 1 2 5 -0 . 67 5  -0 . 8 2 5  -0 . 8  -0 . 575  -0 . 7  - 1 . 4 75 

7 8  - 1  . 0 5 -0 . 6  -0 . 7 2 5  -0 . 6 7 5  -0 . 4 7 5  -0 . 6  - 1 . 2 5 

7 9  -0 . 9 7 5  -0 . 5  -0 . 6  -0 . 6 2 5  -0 . 3 7 5  -0 . 5  - 1  • 1 5  

8 0  - 1 . 0 -0 . 4  -0 . 5 5 -0 . 5 5 -0 . 3  -0 . 5  - 1 . 0 

( b) Or ig inal est imate 

Town end DHSY HUS N I  Hend ry lMT LBS 

7 0  - 1 . 5 - 1 . 5 2 5  - 1 . 52 5  -2 . 3 2 5  -2 . 1  -2 . 0 5 -2 . 4 75 

7 1  -0 . 8 5 - 1 . 4 7 5  -0 . 5 5 - 1 . 2 7 5  - 1 . 57 5  - 1 . 5 5  - 1 . 8  

7 2  -0 . 7  - 1 . 3 -0 . 85 - 1 . 0 2 5  - 1 . 8 5 - 1 . 3 - 1 . 4  

7 3  -0 . 7 2 5  - 1 . 1 2 5 -0 . 8  -0 . 8  - 1 . 6 7 5  - 1 . 1  - 1 . 0 7 5  

7 4  -0 . 7  - 1  • 1 0 5 -0 . 6 5 -0 . 7 5 - 1 . 5  - 1 . 0 - 1 . 8 5 

7 5  -0 . 7  -0 . 97 5  -0 . 5  -0 . 7 5 - 1 . 3  -0 . 87 5  -0 . 6 7 5  

7 6  -0 . 7  -0 . 9  -0 . 4  -0 . 5 2 5  - 1 . 1 2 5 -0 . 7 7 5  -0 . 4 5 

7 7  -0 . 7  -0 . 8  -0 . 3 2 5  -0 . 4 5 - 1 . 0 25  -0 . 7  -0 . 4 5 

7 8  -0 . 6 2 5  -0 . 7  -0 . 2 5 -0 . 3 7 5  -0 . 8 5 -0 . 6  -0 . 3 7 5  

7 9  -0 . 5 7 5  -0 . 6  - 0 . 1 7 5  -0 . 3  -0 . 7 7 5  -0 . 5  -0 . 2 5 

8 0  -0 . 6  -0 . 6  -0 . 1 7 5  -0 . 275  -0 . 6 5 -0 . 4  -0 . 2  

( c )  L i qu i d i t y feedbac k ( 6 6 8 0  est imate)  

To wn Emd HUS Hend ry NI 

70  -2 . 0 7 5  -2 . 1 5  -2 . 0  --2 . 2 7 5  

7 1  - 1 . 4 5 - 1 . 4  - 1 . 3 2 5  - 1 . 5 5 

7 2  - 1 . 2 5 - 1 . 6 2 5  - 1 . 5  - 1 . 3 

7 3  - 1 . 2 2 5  - 1 . 5 2 5  - 1 . 3 2 5  - 1 . 1 5  

7 4  - 1 . 2 2 5  - 1 . 4 - 1  • 1 5  - 1 . 0 5 

7 5  - 1 . 2 - 1 . 2  -0 . 9 5 -0 . 9 5 

7 6  - 1 . 2 2 5  - 1 . 1 -0 . 8 5 -0 . 8 5 

7 7  - 1  . 2 7 5  - 1 . 0 2 5  -0 . 7 5 -0 . 7 2 5  

7 8  - 1  • 1 5  -0 . 9  -0 . 6 5 -0 . 6 2 5  

79  - 1 . 0 7 5  -0 . 8 5 -0 . 5 5 - 0 . 5 2 5  

8 0  - 1 . 1  -0 . 7 5 -0 . 4 7 5  -0 . 5  
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TABLE 1 9  ( co n t )  

Fo r ec a s t  

l a  o f f  

7 6  + 2 9 8  
7 7  + 6 5 3  
7 8  + 1 , 4 5 9  
7 9  + 1 , 7 4 2  
8 0  + 1 , 3 8 0  

U 0 . 7 6 6  
UM 0 . 0 1 69 
Ml\E 2 7 7  
% RMS 2 . 2 

S i m u l a t i o n s  

I nc r ea sed 

la o f f  

7 0  O .  1 2 5 
7 1  0 . 3 
7 2  0 . 4 2 5  
7 3  0 . 5 2 5  
7 4  0 . 6 2 5  
7 5  0 . 6 2 5  
7 6  0 . 7 5 
7 7  0 . 9 5 
7 8  1 . 1  
7 9  1 . 2 2 5  
8 0  1 .  3 5  

-�� - �---

l a  on 

+ 3 1 1 
+ 6 2 2  
+ 1 , 3 3 0 
+ 1 , 5 9 8  
+ 1 , 2 6 8  

0 . 7 5 8 
0 . 0 1 5 

2 5 8  
1 . 9 

i n f l at ion I nc r e ased 

l a  on la o f f  

O. 1 2 5 0 . 5 2 5  
0 . 2 7 5  0 . 9 7 5  
0 . 3 5  1 . 3 2 5  
0 . 4 1 .  6 5  
0 . 4 5  1 . 97 5  
0 . 5 2 . 2 
0 . 5 2 . 57 5  
0 . 6  2 . 9 5 
0 . 6 5 3 .  1 2 5 
0 . 7 3 . 3 2 5  
0 . 7 3 . 5 

S u s t a i ned i nc r e as e s  i n  i ncome 

- 6 6  

g rowt h 

l a  on 

0 . 5 2 5  
0 . 9 7 5  
1 . 27 5  
1 . 57 5  
1 . 9 
2 . 1 7 5 
2 . 3 7 5  
2 . 7 2 5  
2 . 8  
2 . 9 2 5  
3 . 0 7 5  

by constant amou n t  by cons tant % 
l a  o f f  l a  on la o f f  l a  on 

7 0  2 . 4 7 5  2 . 4 7 5  2 . 6  2 . 6  
7 1  1 . 9 7 5  1 . 9  2 . 3 2 . 2 5 
7 2  1 .  4 5  1 . 4  2 . 0 2 5  1 . 9 7 5  
7 3  1 . 1 2 5 1 . 0  1 . 9 1 . 7 7 5  
7 4  0 . 8 2 5  0 . 7  1 .  7 5  1 .  5 5  
7 5  0 . 5 2 5 0 . 3 5  1 .  5 5  1 .  3 5  
7 6  0 . 3 5 0 . 2 2 5  1 . 5  1 .  2 5  

7 7  0 . 27 5  0 . 07 5 1 . 47 5  1 • 1 5  

7 8  0 . 1 7 5  -0 . 0 5 1 . 35 1 . 07 5  

7 9  0 . 07 5 - 0 . 1 5  1 . 27 5  0 . 97 5  

8 0  0 - 0 . 2  1 .  2 5  0 . 8 7 5  

-

One-pe r i od pr ice One- pe r iod i ncome 
r i se r i se 
la o f f  la on la o f f  la on 

-0 . 4  -0 . 4 2 5  0 . 6 0 . 6 2 5  
O. 1 5  O. 1 2 5 -0 . 0 2 5  -0 . 0 7 5  

-0 . 0 2 5  -0 . 0 2 5  0 -0 . 0 5 
O. 1 0 . 0 5 0 -0 . 0 2 5  
0 . 0 5 0 . 0 5  0 0 
0 0 . 0 2 5  0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

constant % r i se i n  pr ices 

l a  o f f  l a  on 

- 1 . 9 7 5  - 2 . 0  
- 1 . 3 5 - 1 . 4 2 5  
- 1 . 4 7 5  - 1 . 5 5 
- 1 . 2 7 5  - 1 . 375  
- 1 . 05  - 1 . 1 7 5 
- 0 . 9  - 1 . 0 5  
-0 . 7 5 - 0 . 9  
-0 . 6 5 -0 . 8  
- 0 . 5 2 5  - 0 . 7  
- 0 . 4 5 -0 . 6  
-0 . 4  -0 . 5 2 5  
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F IGU RE 2 :  Coe f f i c i  n t  va l u e s  f rom recursive OLS , DHSY equation 
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F IGURE 3 :  Co t f i ci e nt v al u e s  f rom recu r sive OLS , HMT equation 
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F I GU R E  4 :  C o c f f i ci nt va l u e s  f rom r ' cu r si v  O LS , L 8S 0qu d L i on 
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FIGURE 5 :  C oe f f i c ient va lue s f r om re cur sive OLS , HU S equ a t i on 
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FIGURE 6 :  Coe f f i ci en t  values from recurs i ve OL S ,  N I  equat ion 
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F IGUR E 7 : Coe f f i c ie n t  v a lue s f r om re cur sive OLS , He ndry equ a ti on 
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( e )  Acce l e r a tion o f  ad j u s ted i ncome ( f )  R e a l  in tere s t  rate s 
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F IGURE 8 :  Coe f f i c i e n t  v a l u e s  f rom r e cu r s ive OL S ;  new equa tion 
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