
p
:;:í

!::fi•: :<

iilf

Ir;Vi

iwhiñ ÍÍÁ*¿üwwi¿¿¿4¿m*»¿»

\:lí
t ' ty*
St

;:;t•’c!
,‘rj

"-«tfa

5195

-ILi i-- — li ■ MiiiiiMl*« l*" *
' O’í y
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ZnfrofJuciion

My thesis consists of three independent chapters. E ach  of them  is an em pirical study 

using tim e series techniques to  learn som ething about th e  m acroeconom y. H ence the title 

"E ssays in A pplied M acroecon om etrics". W hilst the first ch ap ter is a ra th er descriptive 

analysis of th e functioning of Europ ean  bond m arkets when public news com e out, the 

second and third  chapters are guided by business cycle theory  and use this theory in the 
estim ation of th e models. The next section gives a very brief overview of th e thesis.

T he first ch ap ter. "M acroecon om ic News and the Europ ean  Bond M ark et", is an em

pirical analysis o f how the E u rop ean  bond m arket re a cts  to  m acroeconom ic announce

ments and in p articu lar to  news in those announcem ents. T h e second and th ird  chapters 

study th e causes of the US business cycle and th e functioning of the US labor m arket. 

The second ch a p te r, "Shocks and Adjustm ent C osts in an  estim ated  B B C  model for 

the U S ", takes th e  simple R B C  m odel and asks which real shocks and which factor 

adjustm ent co sts m a tte r  for the US business cycle in such a model. T he th ird  chapter, 

"D yn am ic B everidge and Phillips curves: A m acroeconoinetric analysis of th e  US labor 

m ark et", investigates in m ore detail the frictions in th e IJS labor m arket. Although  

chapters two an d  three are em pirical in nature, they are firmly grounded in dynam ic 

stoch astic general equilibrium (D S G E ) theory and m ake heavy use of this theory in the 

em pirical analysis. T h e rest of this introduction sum m arizes each ch ap ter in som e more 

detail.

In th e first ch ap ter I study th e question how E u rop ean  bond m arkets respond to  

m acroeconom ic news. Bond m ark ets are very interesting to  study because th e price of 

bonds depends essentially only on th e discount rate , or th e yield. Using an expectations  

hypothesis theory  of the t(T in -stru ctu re the paper argues th at because a b o n d ’s yield is 

approxim ately an average of exp ected  future short ra te s , the response of the yield tells 

us som ething a b o u t the m arket's change in exp ecta tio n s about the future short rates  

set by th e cen tral bank.

The study list's high-frequency intradaily d a ta  on 2 and 10-year G erm an government 

liond yields, which have becom e p retty  good m easures of what could co n stitu te  a truly  

European bond, event d ata  on 17 m acroeconom ic announcem ents and stan d ard  time 
series regression and GAHCII m odels. I do indeed find strong eliects of m acroeconom ic  

surprises on th e conditional m ean and volatility of yield changes. T hese effects are 

generally stron ger for the short yield. O ptim istic surprises about th e future prospect 

of the econom y, say a higher than  exp ected  Ifo index announcem ent, generally increase 

l)ond yields, suggesting the m arket exp ects future short term  rates to  be set higher by 

the central hank. T h e announcem ents whose surprises m a tte r  most a re  the E C B  interest 

rate  decision, th e  Ifo index announcem ent, and the US employment and G D P  figures. 

A nnouncem ents increase - on im pact - the volatility of yield change shocks, but this 

(‘fleet d isappears quickly. Som ew hat surprisingly I find that surprises actu ally  lower 
the conditional volatility in the m arket. In o th er words, bigger surprises lead to  lower 

yield change shock volatility. I argue that this could be due to a som ew hat clearer  signal

11 J|!,I|1M ijpmi
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sent by ra th er big surprises, but th is finding deserves m o re research effort in th e  future. 

This finding seem s to be ra th er new to  the literature.

T h e second and third chapters in my doctoral thesis then deal with a  m acroecono- 

m etrie analysis o f the US business cycle and th e labor m arket in p articu lar. B o th  papers 

use D SG E m odels whose stru ctu ral param eters are estim ated  using recently  ad vocated  

estim ation  m eth od s. T he research is therefore em pirically m otivated , but contains a  

very strong stru ctu ra l flavor.

In my second chapter I estim ate  the stru ctu ral causes and factor frictions o f the US  

business cycle w ithin a R eal Business Cycle (B B C ) fram ew ork. In p articu la r, I set up a  

sm all-scale B B C  model th a t  allows for five stru ctu ral shocks: In addition to  th e  standard  

technology shock I include a  shock to  preferences, lab o r supply, th e  depreciation ra te  

and a  governm ent spending shock. To study the im p ortan ce of factor m arket frictions I 

also allow for cap ita l and labor adjustm ent costs. The full model is then estim ated  using 

Bayesian m eth od s on US post-w ar d a ta . I then use th e  estim ated model to  answer th e  

following questions: which econom ic shocks drive the US business cycle, which factor  

m arket is m ore rigid, and w hether th e  s tru ctu re  of th e US economy has changed in th e  

early 1980s.

T h e m eth od  and the model allow me to  answer these questions, though it needs 

to  be ad m itted  th at the answer depends critically  on th e assumed m odel fram ework. 

I then  find technology shocks to  he indeed very im p ortan t for m ost variable's. Hours 

worked, how ever, is driven alm ost entirely by the lab o r supply shock. T h is  somehow  

suggests th a t th e  standard B B C  m odel cannot generate an hours worked tim e series 

th at resem bles th e true hours worked tim e series of th e  U S. It implies in stead  th at an  

exogenous shock to  labor supply alone is responsible for generating the hours worked 

series. F u rth er, lab or adjustm ent co sts  are found to m a tte r  strongly in tb e propagation  

of th e  shocks. T h is  hints to  the existen ce of substantial real rigidities arising from  labor 

m arket im perfections. This issue is taken up again in m y third  paper which I will outline  

below. Finally, th ere is som e evidence on a stru ctu ral break in the deep p aram eters o f  

the model w ith th e  shock processes becom ing less volatile after 1984.

In the th ird  ch apter I look m ore carefully into th e US labor m ark et. From  an ag

gregate p ersp ective I study the effects of m onetary policy shocks and technology shocks 

on th e Beveridge curve, i.e. the relation  between unem ploym ent an d  vacan cies, and on  

the Phillips cu rve, i.e. th e  relation  between unem ploym ent and inflation. T h e paper  

first uses a S tru ctu ra l V ector A utoregressive (V A R ) m odel to  identify the tw o stru ctu ral  

shocks. C onditional correlation analysis, im pulse responses and variance decom positions  

are th en  studied  w ith focus on key lab or m arket variables. In p articu lar. I am  interested  

in how and to  what exten d  m o n etary  policy and technology shocks affect unem ploy

m en t, vacancies, jo b  finding probability series, as well as o th er standard  m acroecon om ic  

tim e series such as ou tp u t, inflation, and nom inal interest rates. Looking at conditional 

correlations an d  variance decom positions. I find th at it is mainly th e m o n etary  policy



In troduction i

s h o c k  t h a t  is  r e s p o n s ib le  fo r  t h e  n e g a t i v e  s lo p e s  o f  t h e  B e v e r i d g e  a n d  P h i l l ip s  c u r v e s ,  

a n d  f o r  a c c o u n t i n g  fo r  t h e  b u lk  o f  v a r i a t i o n  in  l a b o r  m a r k e t  v a r i a b l e s .  I n s t e a d  t h e  t e c h 

n o lo g y  s h o c k  a c c o u n t s  fo r m o s t  o f  t h e  v a r ia t i o n  in  o u t p u t ,  b o o k in g  a t  im p u ls e  r e s p o n s e  

f u n c t i o n s  I f in d  s t r o n g  a n d  p e r s i s t e n t  e f fe c ts  o f  m o n e t a r y  p o l i c y  s h o c k s  w ith  a  g e n e r a l  

h u m p -s h a p e d  p a t t e r n  o f  r e s p o n s e  o f  l a b o r  m a r k e t  v a r ia b l e s .

T h e  s e c o n d  p a r t  o f  t h e  c h a p t e r  t r i e s  t o  e x p l a i n  t h e s e  f in d in g s  w it h in  a  N e w  K e y 

n e s ia n  D S G E  m o d e l  w h ic h  a l lo w s  f o r  l a b o r  m a r k e t  f r i c t i o n s .  T h e  f r i c t i o n  in  t h e  la b o r  

m a r k e t  a r is e s  f r o m  a n  a s s u m e d  s e a r c h  a n d  m a t c h i n g  p r o c e s s  b e tw e e n  u n e m p lo y e d  w o rk 

e r s  a n d  v a c a n c i e s .  T h e  s t r u c t u r a l  p a r a m e t e r s  o f  t h e  D S G E  m o d e l  a r e  t h e n  e s t i m a t e d  

b y  m a t c h i n g  a s  c lo s e ly  a s  p o s s ib le  t h e  m o d e l  im p u ls e  r e s p o n s e s  t o  t h o s e  f r o m  t h e  V A R .  

T h o u g h  t h e  m o d e l  c a n  r e p l i c a t e  m o s t  im p u ls e  r e s p o n s e s  f a i r l y  w e ll, it fa ils  t o  a c c o u n t  

fo r  f l it1 r e s p o n s e  o f  u n e m p lo y m e n t  t o  t h e  m o n e t a r y  p o l i c y  s h o c k .  S o m e  o f  t h e  p a r a m e t e r  

e s t i m a t e s  a r e  a l s o  c r o s s ly  a t  o d d s  w it h  m i c r o e c o n o m e t r i c  e v id e n c e ,  m o s t  i m p o r t a n t  o f  

t h e s e  is th e  C a l v o  p r i c e - s e t t i n g  p a r a m e t e r .  I t h e n  a r g u e  t h a t  t h e  m o d e l  n e e d s  t o  b e  

c h a n g e d  t o  c o r r e c t  th e s e  f a i l in g s : It s e e m s  v a c a n c i e s  r e a c t  t o o  s t r o n g l y  fo llo w in g  a  m o n 

e t a r y  p o l ic y  s h o c k  -  c o m p a r t 'd  t o  u n e m p lo y m e n t  -  t h u s  i n c l u d i n g  s o m e  k in d  o f  v a c a n c y  

a d j u s t m e n t  c o s t s  o r  su n k  c o s t s  fo r  j o b  c r e a t i o n  m i g h t  a l l e v i a t e  th is  p r o b l e m .
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C h a p t e r  1

M a c r o e c o n o m i c  N e w s  a n d  t h e  

E u r o p e a n  B o n d  M a r k e t

A b str a c t

U s in g  i n t r a d a i l y  d a t a  o n  G e r m a n  g o v e r n m e n t  b o n d s ,  t h i s  p a p e r  fin d s e v i d e n c e  fo r  s t r o n g  

i m p a c t s  o f  n e w  i n f o r m a t i o n  c o m i n g  f r o m  s c h e d u le d  m a c r o e c o n o m i c  a n n o u n c e m e n t s  o n  

c o n d i t i o n a l  m e a n s  a n d  v a r i a n c e s  o f  y ie ld  c h a n g e s . In  p a r t i c u l a r ,  o p t i m i s t i c  s u r p r i s e s  

a b o u t, t h e  f u t u r e  p a t h  o f  t h e  e c o n o m y  le a d  t o  p o s i t i v e  y ie l d  c h a n g e s ,  a n d  v ic e  v e r s a  fo r  

p e s s im is t i c  s u r p r i s e s .  O n  t h e  c o n t r a s t ,  w e  d o  n o t fin d  a n y  e v i d e n c e  o f  p u r e  a n n o u n c e m e n t  

e f f e c ts .  U S  a n n o u n c e m e n t s  h a v e  s t r o n g  i m p a c t s  o n  t h e  E u r o p e a n  b o n d  m a r k e t .

W e  a ls o  f in d  s t r o n g  e f f e c t s  o f  m a c r o e c o n o m i c  a n n o u n c e m e n t s  o n  t h e  c o n d i t i o n a l  

v o l a t i l i t y  o f  y i e l d  c h a n g e  s h o c k s .  In  p a r t i c u l a r ,  v o l a t i l i t y  is  h ig h e r  d u r i n g  t i m e s  o f  

a n n o u n c e m e n t s .  T h e  d y n a m i c  p a t t e r n  o f  v o l a t i l i t y  in  r e s p o n s e  t o  a n n o u n c e m e n t s  is 

s o m e w h a t  u n c l e a r :  W h i l s t  r e s u l t s  f o r  a  s h o r t  b o n d  c l e a r l y  i n d i c a t e  t h a t  v o l a t i l i t y  is r e 

d u c e d  s o m e w h a t  b e f o r e  t h e  a n n o u n c e m e n t  a n d  i m m e d i a t e l y  a f t e r w a r d s ,  n o  c l e a r  p i c t u r e  

e m e r g e s  f ro m  r e s u l t s  fo r  a  l o n g  b o n d .

F in a l ly ,  a n d  q u i t e  s u r p r is in g ly , w e  fin d  negative e f f e c t s  o f  t r u e  sw yrises  o n  c o n d i 

t io n a l  v o l a t i l i t y .  T h i s  d a m p e n i n g  of fe e t  o f  b ig  s u r p r i s e s  s e e m s  t o  In* a  n o v e l  f in d in g  in  

t h e  l i t e r a t u r e .

1.1 Introduction
In  t h is  s t u d y  I u s e  i n t r a d a i l v  y ie ld  d a t a  t o  a n a ly z e  h o w  k e y  m a c r o e c o n o m i c  n e w s  a ffe c t  

E u r o p e a n  f in a n c ia l  m a r k e t s .  M a r k e t  p r a c t i t i o n e r s  n e e d  t o  f o r e c a s t  a n d  d i s c o u n t  f u t u r e  

c a s h  flo w s a d j u s t e d  f o r  t h e  r i s k in e s s  o f  t h e  c a s h  f lo w . D e f a u l t - f r e e  g o v e r n m e n t  b o n d s  a r e  

p a r t i c u l a r l y  e a s y  i n s t r u m e n t s  t o  p rice 1 a s  t h e  c a s h  flo w s a r e  f ix e d  in  n o m in a l  t e r m s  a n d  

a s  th e y  in v o lv e  n o  r is k  o f  d e f a u l t .  T h e y  o n ly  d e p e n d  o n  t h e  d is c o u n t  r a t e  o r  t h e  y ie l d  o f  

t h e  b o n d . S t u d y i n g  h o w  b o n d  y ie ld s  r e s p o n d  t o  m a c r o e c o n o m i c  n e w s , lik e  e m p l o y m e n t .

9
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i n f la t io n  o r  b u s in e s s  c o n f i d e n c e  a n n o u n c e m e n t s ,  t h e r e f o r e  c o r r e s p o n d s  t o  a  s t u d y  o f  h o w  

t h e  d i s c o u n t  r a t e  r e s p o n d s  t o  t h o s e  n e w s .

T h i s  is o f  in t e r e s t  t o  m a c r o e c o n o m i s t s  f o r  u n d e r s t a n d i n g  h o w  c h a n g e s  in  e x p e c t a t i o n s  

a b o u t  t h e  f u t u r e  d e v e l o p m e n t  o f  t h e  e c o n o m y  c h a n g e  t h e  e x p e c t a t i o n s  o f  f u t u r e  s h o r t 

t e r m  i n t e r e s t  r a t e s .  A c c o r d i n g  t o  t h e  e x p e c t a t i o n s  h y p o th e s is  o f  t h e  t e r m - s t r u c t u r e  o f  

i n t e r e s t  r a t e s ,  y ie ld s  o f  b o n d s  w it h  a  lo n g  t i m e  t o  m a t u r i t y  a r e  a p p r o x i m a t e l y  a n  a v 

e r a g e  o f  e x p e c t e d  f u t u r e  s h o r t  r a t e s ,  n o r m a l l y  s u p p o s e d  t o  b e  s e t  b y  t h e  c e n t r a l  b a n k .  

C h a n g e s  o f  l o n g e r  b o n d  y i e l d s  i n  r e s p o n s e  t o  m a c r o e c o n o m i c  a n n o u n c e m e n t  th u s  r e 

v e a l  c h a n g e s  in  i n v e s t o r s ’ e x p e c t a t i o n s  a b o u t  t h e  f u t u r e  p a t h  o f  i n t e r e s t  r a t e s  s e t  b y  

t h e  c e n t r a l  b a n k .  T h e  c e n t r a l  b a n k  c a n  u s e  t h i s  i n f o r m a t i o n  t o  b e t t e r  u n d e r s t a n d  t h e  

m a r k e t ’s  b e l ie f s  a b o u t  i t s  o w n  r e a c t i o n  f u n c t i o n .  I n  p a r t i c u l a r ,  b y  c o m p a r i n g  t h e  r e a c 

t i o n s  o f  y i e l d  c h a n g e s  t o  d if f e r e n t  m a c r o e c o n o m i c  a n n o u n c e m e n t s  i t  is p o s s i b le  t o  o b t a i n  

i n f o r m a t i o n  o n  t h e  r e l a t i v e  w e ig h ts  t h e  m a r k e t s  b e l i e v e  t h e  c e n t r a l  b a n k  a t t a c h e s  t o  

t h e  d if f e r e n t  m a c r o e c o n o m i c  a n n o u n c e m e n t s .  U n d e r s t a n d i n g  -  a n d  in f lu e n c in g  -  p r i 

v a t e  a g e n t s ’ b e lie fs  a b o u t  m o n e t a r y  p o l i c y  is  o f  c r u c i a l  i m p o r t a n c e  in  t h e  c o n d u i  t  o f  

m o n e t a r y  p o l i c y .

T h e  q u e s t i o n  is a l s o  o f  i n t e r e s t  t o  f i n a n c i a l  e c o n o m e t r i c i a n s  fo r  u n d e r s t a n d i n g  t h e  

f u n c t i o n i n g  o f  f in a n c ia l  m a r k e t s  in  g e n e r a l ,  a n d  t h e  p r o p e r t i e s  o f  f i n a n c i a l  t i m e  s e r ie s  

in  p a r t i c u l a r .  F i n a n c i a l  t i m e  s e r i e s  h a v e  o f t e n  b e e n  fo u n d  t o  b e  t i m e  d e p e n d e n t- , a n d  

m o r e  p r e c i s e l y ,  a u t o c o r r e l a t e d  in  a b s o l u t e  a n d  s q u a r e d  t e r m s .  S t u d y i n g  t h e  r e a c t i o n  o f  

y ie ld s  t o  p u b l i c  m a c r o e c o n o m i c  n e w s  a l lo w s  o n e  t o  t e s t  w h e t h e r  p u b l i c  n e w s  c a n  in  f a c t  

g e n e r a t e  t h i s  k in d  o f  p e r s i s t e n c e .  W e  fin d  t h a t  t h e y  c a n n o t :  T h o u g h  v o l a t i l i t y  is h ig h e r  

d u r in g  t i m e s  o f  a n n o u n c e m e n t s ,  i t  f a l ls  a g a i n  i m m e d i a t e l y  a f t e r w a r d s .

U s in g  s i m p l e  r e g r e s s io n  a n d  G A I 1 C H  m o d e l l i n g  t e c h n i q u e s ,  t h i s  p a p e r  s h o w s  t h a t  

m a c r o e c o n o m i c  n o w s c a n  a c c o u n t  f o r  s o m e  i m p o r t a n t  p a t t e r n s  in  t h e  c o n d i t i o n a l  m e a n  

a n d  v a r i a n c e  o f  i n t r a d a i l y  y ie l d  c h a n g e s  o f  E u r o p e a n  g o v e r n m e n t  b o n d s .  F u n d a m e n t a l s  

d o  t h e r e f o r e  m a t t e r  t o  f i n a n c i a l  m a r k e t s .  H o w e v e r ,  f o r  t h e  c o n d i t i o n a l  m e a n  th is  h o ld s  

o n l y  i f  w e  f i l t e r  o u t  a  ’’ s u r p r i s e ’’ c o m p o n e n t  f r o m  t h e  a n n o u n c e m e n t .  O p t i m i s t i c  n e w s  

a b o u t  t h e  f u t u r e  p r o s p e c t  o f  t h e  e c o n o m y  t h e n  l e a d  t o  p o s i t i v e  y ie ld  c h a n g e s ,  a n d  v i c e  

v e r s a  fo r  p e s s i m i s t i c  n e w s .  T h e  r e s u l t i n g  y i e l d  c h a n g e  is  l a r g e r  f o r  b o n d s  w it h  a  s h o r t  

m a t u r i t y  a n d  s m a l l e r  f o r  b o n d s  w i t h  a  l o n g  m a t u r i t y .  W e  a l s o  fin d  s t r o n g  ciT e c ts  o f  

s u r p r i s e s  in  U S  a n n o u n c e m e n t s  o n  t h e  E u r o p e a n  b o n d  m a r k e t .

R e s u l t s  f o r  t h e  c o n d i t i o n a l  v a r i a n c e  d o  r e v e a l  s o m e  p u r e  a n n o u n c e m e n t  e f f e c ts :  In  

p a r t i c u l a r ,  v o l a t i l i t y  i n c r e a s e s  w h e n  a n  a n n o u n c e m e n t  o c c u r s .  A  c l e a r  d y n a m i c  r e s p o n s e  

p a t t e r n  o f  v o l a t i l i t y  t o  a n n o u n c e m e n t s  is  f o u n d  f o r  a  s h o r t  2 - y e a r  b o n d : v o l a t i l i t y  fa lls  in  

t h e  p e r i o d s  p r e c e d i n g  t h e  a n n o u n c e m e n t  a n d  i m m e d i a t e l y  a f t e r w a r d s ,  t h u s  s u p p o r t i n g  

t h e  r e s u l t s  o f  J o n e s  e t  a l  ( 1 9 9 8 ) .  R e s u l t s  f o r  t h e  1 0 - y e a r  b o n d  d o ,  h o w e v e r ,  n o t  r e v e a l  

s u c h  a  c l e a r  p a t t e r n .  F i n a l l y ,  a n d  s o m e w h a t  s u r p r i s in g ly ,  w e f in d  n e g a t i v e  e f fe c ts  o n  

c o n d i t i o n a l  v o l a t i l i t y  w h e n  w e  i n c l u d e  m e a s u r e  o f  s u r p r i s e s  in  o u r  v a r i a n c e  e q u a t i o n .  

T l i u s .  bigger s u r p r i s e s  s o m e w h a t  c o u n t e r i n t u i t i v e l y  reduce v o l a t i l i t y  o f  t h e  s h o c k  s e r ie s .
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W e  a r g u e  t h a t  o n e  p o s s i b le  e x p l a n a t i o n  c o u ld  b e  t h a t  b i g g e r  s u r p r i s e s  i n d i c a t e  a  s o m e 

w h a t  c l e a r e r  p i c t u r e  t o  m a r k e t  p a r t i c i p a n t s ,  t h u s  r e d u c i n g  u n c e r t a i n t y  a b o u t  t h e  t r u e  

f u n d a m e n t a l s .  H o w e v e r , th is  n e e d s  t o  b e  a d d r e s s e d  in  m u c h  g r e a t e r  d e t a i l  in  f u tu r e  

r e s e a r c h .

T h e  c h a p t e r  is o r g a n i z e d  a s  fo llo w s : S e c t i o n  1 .2  r e v ie w s  t h e  l i t e r a t u r e ,  s e c t io n  1 .3  

s e t s  u p  a  s i m p l e  m o d e l  o f  h o w  n e w s  a f fe c t  t h e  y ie ld s  o f  b o n d s  w ith  d if f e r e n t  m a t u r i t i e s ,  

s e c t i o n  1 .4  p r e s e n t s  t h e  d a t a  a n d  s o m e  p r e l im i n a r y  a n a l y s i s ,  s e c t io n  1 .5  t h e n  c a r r i e s  o u t  

t h e  e c o n o m e t r i c  a n a l y s i s  a n d  s e c t i o n  l.G  c o n c l u d e s .

1.2 Previous Studies
T h e  l i t e r a t u r e  o n  a n n o u n c e m e n t  e f f e c t s  in f in a n c ia l  m a r k e t s  is q u i t e  e x t e n s i v e  a n d  g ro w 

in g  r a p i d l y .  T h i s  s e c t i o n  g iv e s  a  b r i e f  r e v ie w  t o  h ig h l i g h t  i m p o r t a n t  c o n c e p t s ,  d if fe re n c e s  

a n d  d e v e l o p m e n t s  a n d  t o  p u t  t h i s  w o rk  in to  p e r s p e c t i v e .

E a r l y  s t u d i e s ,  e .g .  E d e r i n g t o n  a n d  L e e  ( 1 9 9 3 ) ,  a d o p t e d  a n  e v e n t - s t u d y  a p p r o a c h  a n d  

s e l e c t e d  t h o s e  t i m e  i n t e r v a l s  a s  e v e n t s  d u r in g  w h ic h  a n n o u n c e m e n t s  o c c u r r e d .  T h e y  fin d  

t h a t  t h e  b u lk  o f  i n t r a d a i l y  p r i c e  v o l a t i l i t y  in  t h e  U S  b o n d  m a r k e t  c a n  b e  a c c o u n t e d  fo r  

b y  s c h e d u l e d  m a c r o e c o n o m i c  a n n o u n c e m e n t s .  T h e i r  a p p r o a c h ,  h o w e v e r ,  d o e s  n o t  d is 

t in g u i s h  b e t w e e n  t h o s e  a n n o u n c e m e n t s  t h a t  r e a l ly  s u r p r i s e d  t h e  m a r k e t s  a n d  th o s e  t h a t  

d id  n o t  s u r p r i s e  t h e  m a r k e t s  v e r y  m u c h .  In  o t h e r  w o r d s ,  b e c a u s e  t h e y  e s s e n t i a l l y  c r e a t e  

a  d u m m y  v a r i a b l e  w h ic h  t a k e s  o n  t h e  v a lu e  1 d u r i n g  t i m e s  o f  a n n o u n c e m e n t s ,  a n d  z e ro  

o th e r w is e ,  t h e y  d o  n o t  c a p t u r e  t h e  s u r p r is e  c o m p o n e n t  o f  t h e  r e l e v a n t  a n n o u n c e m e n t s .  

D e p e n d in g  o n  t h e  s p e c i f ic  c i r c u m s t a n c e s ,  m a r k e t s  m i g h t  b e  v e ry  s u r p r i s e d  i f  t h e  E C B  

a n n o u n c e s  i t  d e c i d e d  t o  r a i s e  i n t e r e s t  r a t e s ,  o r  t h e y  m i g h t  n o t  b e  s u r p r i s e d  a t  a ll.

In  f a c t ,  e c o n o m i c  t h e o r y  p r e d i c t s  t h a t  p r i c e s  o f  f i n a n c i a l  a s s e ts  s h o u ld  o n l y  a d ju s t  t o  

t h e  a r r i v a l  o f  ’’ n e w s ” . T h u s ,  o n l y  t h e  u n a n t i c i p a t e d  p a r t  o r  s u r p r i s e  c o m p o n e n t  o f  a n  

a n n o u n c e m e n t  s h o u ld  m a t t e r  f o r  t h e  resp o n se* o f  m a r k e t s .  F l e m i n g  a n d  R e m o l o n a  ( 1 9 9 7 )  

w e re  a m o n g s t  t h e  firs t  t o  e x t e n d  t h e  d u m m y - v a r i a b l e  a p p r o a c h  t o  in c lu d e  t r u e  s u rp r is e s .  

T h e s e  s u r p r i s e s  a r e  u s u a l l y  c a l c u l a t e d  a s  t h e  d if f e r e n c e  o f  th e  a c t u a l  a n n o u n c e d  v a lu e s  

f ro m  s u r v e y  f o r e c a s t s  w h i c h  a r e  c o n d u c t e d  s h o r t l y  b efo re* th e  a n n o u n c e m e n t .  In th is  

s t u d y ,  I w ill f i r s t  c o n s i d e r  d u m m y  v a r ia b le s  a n d  t h e n  e x t e n d  th e  a n a l y s i s  t o  s u r p r is e s .

S t u d i e s  o n  t h e  s t o c k  m a r k e t  h a v e  fo u n d  i t  d i f f ic u l t  t o  id e n tify  i n f o r m a t i o n  w h ich  

c o u ld  a c c o u n t  f o r  t h e  l a r g e s t  s t o c k  p r i c e  m o v e m e n t s .  In  a n  a n a ly s i s  o f  t h e  f if ty  la r g e s t  

o n e - d a y  p r i c e  m o v e s  in  t h e  S t a n d a r d  a n d  P o o r 's  C o m p o s i t e  S t o c k  I n d e x  s i n c e  1 9 4 6 ,  

C u t l e r ,  P o t e r b a ,  a n d  S u m m e r s  ( 1 9 8 9 )  fin d  t h a t  in  m o s t  c a s e s  t h e  i n f o r m a t i o n  c i t e d  b y  

t h e  p r e s s  a s  c a u s i n g  t h e  m a r k e t  m o v e  ” is  n o t  p a r t i c u l a r l y  i m p o r t a n t .”

U s in g  d a i l y  d a t a  f o r  t h e  S & rP  5 0 0 ,  M c Q u e e n  a n d  R o l e y  ( 1 9 9 3 )  f in d  a  s t r o n g e r  r e 

l a t i o n s h ip  b e t w e e n  s t o c k  p r i c e s  a n d  n e w s  o n l y  a f t e r  c o n tr o l l i n g  f o r  d i f f e r e n t  s t a g e s  o f  

t h e  b u s in e s s  c y c l e .  I n t u i t iv e ly ,  s t o c k  p r ic e s  d e p e n d  o n  b o t h  u n c e r t a i n  f u t u r e  c a s h  flow s  

a n d  t h e  d i s c o u n t  r a t e .  A n  u p w a r d  r e v is io n  o f  e x p e c t e d  r e a l  a c t i v i t y ,  fo r  e x a m p l e ,  ra is e s
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t h e  d i s c o u n t  r a t e  w h i c h  w o u ld  lo w e r  s t o c k  p r i c e s .  B u t  a t  t h e  s a m e  t i m e ,  t h e  r e v i s i o n  

m i g h t  r a i s e  e x p e c t e d  f u t u r e  c a s h  flo w s w h ic h  i n c r e a s e s  s t o c k  p r i c e s .  T h e  o v e r a l l  e f f e c t  is  

t h u s  m i x e d  fo r  s t o c k s .  B y  c o n t r o l l i n g  fo r  t h e  b u s i n e s s  c y c l e  t h e y  c o n d i t i o n  o n  t h e  c a s h  

flo w s a n d  f o c u s  o n  t h e  e f f e c t  o f  n e w s  o n  e q u i t y  d i s c o u n t  r a t e s .  U s in g  U S  T r e a s u r y  b il ls  

a n d  b o n d s  a s  p r o x ie s  t h e y  f in d  s i x  o u t  o f  e i g h t  a n n o u n c e m e n t s  s i g n i f i c a n t l y  a f f e c t i n g  

b o t h ,  t h e  s h o r t  t e r m  b ill  a n d  t h e  l o n g  t e r m  b o n d . T h e  a n n o u n c e m e n t s  w i t h  t h e  b i g g e s t  

i m p a c t  o n  b o t h  lo n g  a n d  s h o r t  y ie ld s  a r e  l a b o r  m a r k e t  i n d i c a t o r s  ( u n e m p l o y m e n t  r a t e  

a n d  n o n - f a r m  p a y r o l l s ) .  In  a d d i t i o n ,  t h e  l o n g  y i e l d  is s t r o n g l y  i m p a c t e d  b y  p r ic e  le v e l  

i n d i c a t o r s  ( C P I  a n d  P P I ) ,  w h i l s t  t h e  s h o r t  y ie ld  is  i m p a c t e d  m a i n l y  b y  F e d e r a l  R e s e r v e  

d i s c o u n t  r a t e  a n d  m o n e y  s u p p l y  c h a n g e s .

In  a  r e c e n t  s t u d y  o n  t h e  f o r e ig n  e x c h a n g e  m a r k e t ,  A n d e r s e n  e t  a l  ( 2 0 0 5 )  s t u d y  t h e  

j o i n t  r e s p o n s e  o f  c o n d i t i o n a l  m e a n  a n d  v a r i a n c e  a d j u s t m e n t s  t o  m a c r o e c o n o m i c  n e w s  r e 

l e a s e s  u s i n g  w e i g h t e d - l e a s t  s q u a r e s  m e t h o d s .  U s in g  h ig h -f r e q u e n c y  i n t r a d a i l y  t i c k  d a t a  

t h a t  a p p e a r e d  o n  t h e  R e u t e r s  s c r e e n  t o  c o n s t r u c t  5 - m i n u t e  r e t u r n s  f o r  v a r i o u s  U S  d o l l a r  

e x c h a n g e  r a t e s ,  t h e y  f in d  j u m p s  in  t h e  c o n d i t i o n a l  m e a n  a d j u s t m e n t  o c c u r r i n g  i m m e 

d i a t e l y  in  t h e  5 - m i n u t e  i n t e r v a l  fo llo w in g  t h e  n e w s  a n n o u n c e m e n t  a n d  l i t t l e  m o v e m e n t  

t h e r e a f t e r .  T h e  r e s p o n s e  o f  t h e  c o n d i t i o n a l  v a r i a n c e  is  r a t h e r  m o r e  g r a d u a l  a n d  p e r 

s i s t e n t ,  a n d  p u r e  a n n o u n c e m e n t  e f f e c ts  w h ic h  a r e  i n d e p e n d e n t  o f  t h e  m a g n i t u d e  o f  t h e  

s u r p r i s e s  a r e  fo u n d .

S t u d i e s  f o r  t h e  b o n d  m a r k e t  h a v e  s h o w n  t h a t  b o n d  p r i c e s  o r  y i e l d s  a d j u s t  e v e n  

f a s t e r  t o  n e w s  t h a n  e x c h a n g e  r a t e s .  S e v e r a l  s t u d i e s  u s e  h ig h - f r e q u e n c y  i n t r a d a i l y  t i c k -  

b y - t ic k  d a t a  fo r  U S  T - b i l l s  a n d  b o n d s  s p o t  o r  f u t u r e s  p r i c e s  w h ic h  is  e a s i l y  a v a i l a b l e .  

A p p l y i n g  a n  e v e n t - s t u d y  f r a m e w o r k  E d e r i n g t o n  a n d  Lee ( 1 9 0 5 )  s t u d y  t h e  r e s p o n s e  o f  

t h e  T - b o n d  f u t u r e s  m a r k e t  a n d  fin d  t h a t  t h e  b u lk  o f  t h e  p r ic e  a d j u s t m e n t  o c c u r s  w i t h i n  

o n e  m i n u t e  a f t e r  t h e  a n n o u n c e m e n t ,  w h i ls t  v o l a t i l i t y  r e m a i n s  c o n s i d e r a b l y  h ig h e r  f o r  

a n o t h e r  1 5  m i n u t e s  a n d  s l i g h t l y  h ig h e r  f o r  s e v e r a l  h o u r s .  T h e y  f u r t h e r  s h o w  t h a t  m o s t  

o f  t h e  i n t r a d a y  a n d  d a y - o f - t h e - w e e k  v o l a t i l i t y  p a t t e r n s  is in  f a c t  d u e  t o  t h e  t i m i n g  

o f  m a c r o e c o n o m i c  a n n o u n c e m e n t s ,  w h ic h  in  t h e  U S  u s u a lly  o c c u r  a t  8 : 5 0  a m  ( E a s t e r n  

T i m e )  t o w a r d s  t h e  e n d  o f  t h e  w e e k . T h e  a n n o u n c e m e n t  r e l e a s e s  w ith  t h e  g r e a t e s t  i m p a c t  

o n  y ie ld s  a r e  fo u n d  t o  b e  u s i n g  a  s im p le  d u m m y  s e r i e s  r e g r e s s io n  (in  o r d e r  o f  d e e r e i is in g  

i m p a c t ) :  t h e  e m p l o y m e n t  r e p o r t ,  t h e  P P I ,  t h e  C P I ,  a n d  d u r a b l e  g o o d s  o r d e r s .

In t h e i r  w id e ly  q u o t e d  p a p e r  F l e m i n g  a n d  R e m o l o n a  ( 1 0 0 7 )  s t u d y  t h e  r e s p o n s e  o f  t h e  

f iv e - y e a r  T r e a s u r y  n o t e  p r i c e  a n d  t r a d i n g  a c t i v i t y  o v e r  a  o n e  y e a r  s a m p l e  p e r i o d  u s i n g  

t i c k  d a t a  a n d  a n n o u n c e m e n t  d u m m i e s  a s  w e ll a s  s u r p r i s e  d a t a .  T h e y  f i n d  a  lo n g  l is t  o f  

a n n o u n c e m e n t s  s i g n i f i c a n t ly  i m p a c t i n g  o n  t h e  b o n d  p r i c e  w ith  t h e  b ig g e s t  i m p a c t  c o m i n g  

a g a i n  f r o m  e m p l o y m e n t  a n d  p r i c e  le v e l  a s  w e ll a s  c o n s u m e r  c o n f i d e n c e  i n d i c a t o r s .  T h e y  

f u r t h e r  s h o w  t h a t  m a r k e t  c o n d i t i o n s  o f  u n c e r t a i n t y  a s  m e a s u r e d  b y  i m p l i e d  v o l a t i l i t y  

d e r i v e d  f r o m  o p t i o n s  p r i c e s  f r e q u e n t l y  i n c r e a s e  t h e  p r i c e ,  a n d  in  p a r t i c u l a r ,  t h e  t r a d i n g  

a c t i v i t y  r e s p o n s e  fo llo w in g  a n  a n n o u n c e m e n t  p o s s i b l y  i n d i c a t i n g  a  r i s e  in  d i s a g r e e m e n t  

in  t r a d e r s 1 b e lie fs  a b o u t  w h a t  c o n s t i t u t e s  a  f a i r  p r i c e  o r  s im p ly  a n  i n c r e a s e  in  s p e c u l a t i v e
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t r a d i n g .

M o r e  r e c e n t l y ,  r e s e a r c h e r s  h a v e  t r i e d  t o  c a p t u r e  t h e  c o n d i t i o n a l  v o l a t i l i t y  e f f e c ts  o f  

n e w s  p a r a m e t r i c a l l y  u s in g  v a r i o u s  G A R C H  m o d e l s .  T h e  s e m in a l  p a p e r  b y  J o n e s  e t  

a l ( 1 9 9 8 )  u s e s  d a i ly  d a t a  o n  U S  T r e a s u r y  b o n d s  a n d  a n n o u n c e m e n t  d u m m i e s  f o r  e m 

p lo y m e n t  a n d  P P I  t o  s t u d y  t h e  v o l a t i l i t y  p a t t e r n  o n  a n d  fo llo w in g  a n  a n n o u n c e m e n t ,  

a n il  in  p a r t i c u l a r  w h e t h e r  a n n o u n c e m e n t s  l e a d  t o  l o n g e r  p e r s i s t e n c e  o f  v o l a t i l i t y .  T h e y  

fin d  n o  p e r s i s t e n c e  o f  t h e  i n c r e a s e d  v o l a t i l i t y  f o l lo w in g  a n  a n n o u n c e m e n t  a t  a l l ,  b u t  a  

s ig n i f i c a n t ly  p o s i t i v e  r i s k  p r e m i u m  o n  a n n o u n c e m e n t  d a y s .  F u r t h e r ,  t h e y  f in d  e v id e n c e  

o f  a  ” c a l m - b e f o r e - t h e - s t o r m ” e f f e c t ,  i .e . v o l a t i l i t y  b e i n g  low  in  a n t i c i p a t i o n  o f  a n  a n 

n o u n c e m e n t .  T h e y  c o n c l u d e  t h a t  v o l a t i l i t y  p e r s i s t e n c e  is  n o t  d u e  t o  s o m e  f e a t u r e  o f  t h e  

t r a d i n g  o r  i n f o r m a t i o n - p r o c e s s i n g  p r o c e s s  fo llo w in g  a n n o u n c e m e n t s ,  b u t  r a t h e r  b e c a u s e  

m o s t  n e w s  is  c l u s t e r e d  o v e r  t i m e .  H o w e v e r , t h e i r  s t u d y  is  l im i t e d  b y  t h e  f a c t  t h a t  t h e y  

o n ly  u s e  a n n o u n c e m e n t  d u m m i e s ,  i .e .  n o  s u r p r i s e s ,  a n d  t h a t  t h e y  c o n s i d e r  d a i l y  d a t a ,  

n o t  i n t r a d a i l y  d a t a .  T h u s  it  s e e m s  n a t u r a l  t o  e x t e n d  t h e i r  a n a ly s i s .

L i a n d  E n g l e  ( 1 9 9 8 )  c o n f i r m  t h e i r  f in d in g  t h a t  a n n o u n c e m e n t  d a y  s h o c k s  h a v e  s m a ll  

p e r s i s t e n c e ,  b u t  g r e a t  i m p a c t s  o n  v o l a t i l i t y  in  t h e  s h o r t  r u n .  T h e y  e x t e n d  t h e  a n a ly s is  

b y d i s t i n g u i s h i n g  b e tw e e n  p o s i t i v e  a n d  n e g a t i v e  n e w s  a n d  fin d  s t r o n g  a s y m m e t r i c  e f f e c ts  

a t  w o rk : p o s i t i v e  s h o c k s  d e p r e s s  v o l a t i l i t y  o n  c o n s e c u t i v e  d a y s ,  w h ile  n e g a t i v e  s h o c k s  

in c r e a s e  v o l a t i l i t y .

S t u d y i n g  t h e  i n t e r d e p e n d e n c e  a n d  s p il lo v e r  e f f e c ts  b e tw e e n  e u r o  a r e a  a n d  U S  n e w s  

i m p a c t s  o n  m o n e y  m a r k e t s ,  E h r m a n n  a n d  F r a t z s c h e r  ( 2 0 0 2 )  f in d  t h a t  ” e u r o  a r e a  fi

n a n c i a l  m a r k e t s  r e a c t  m o r e  s t r o n g l y  t o  n e w s  in  t h e  U S  t h a n  v i c e  v e r s a . ” A p p ly in g  

E G A I 1 C I I  a n d  w e i g h t e d - l e a s t - s q u a r e s  te c h n iq u e s , t h e y  f u r t h e r  fin d  e v i d e n c e  o f  m a r k e t s  

g o in g  t h r o u g h  a  le a r n in g  p r o c e s s  a b o u t  E C B  m o n e t a r y  p o l ic y , a n d  o f  n o n l i n e a r i t i e s  in  

t h e  r e s p o n s e  t o  n e w s . V o l a t i l i t y  s e e m s  t o  i n c r e a s e  le s s  fo llo w in g  a n n o u n c e m e n t s  t h a t  a r e  

f a r  f r o m  t h e i r  l o n g  r u n  a v e r a g e  a n d  t h u s , g iv in g  c l e a r  i m p l i c a t i o n s  o f  t h e  f u t u r e  c o u r s e  

o f  m o n e t a r y  p o l ic y .

A s  t h e s e  a n d  r e l a t e d  is s u e s  a r e  o f  c e n t r a l  i n t e r e s t  t o  c e n t r a l  b a n k s ,  s e v e r a l  r e c e n t  

p o lic y  p a p e r s  h a v e  s t u d i e d  t h e  r e s p o n s e  o f  y ie ld s  o r  i n t e r e s t  r a t e s  t o  m a c r o e c o n o m i c  

n e w s . F l e m i n g  a n d  U e m o l o n a  ( 1 9 9 7 )  se t t h e  p a c e  n o t  o n ly  fo r  t h e  p o l i c y  o r ie n t e d .  

M o re  r e c e n t  s t u d ie s  in c lu d e  B r o o k e  e t  a l ( 1 9 9 9 )  f o r  t h e  U K , F e ll  ( 2 0 0 2 )  s t u d y i n g  t h e  

r e s p o n s e  o f  t h e  b o n d  m a r k e t  t o  E C B  i n t e r e s t  r a t e  d e c i s i o n s ,  G o l d b e r g  a n d  L e o n a r d  

( 2 0 0 3 )  s t u d y i n g  s p il lo v e r  e f f e c ts  o f  U S / e u r o  a r e a  a n n o u n c e m e n t s  u s in g  h o u r l y  d a t a  o n  

G e r m a n  b o n d s ,  a n d  M o l g a a r d  P e d e r s o n  a n d  W o r m s t r u p  ( 2 0 0 1 )  lo o k in g  a t  t h e  r e s p o n s e  

o f  t h e  e u r o  a r e a  y ie ld  c u r v e  t o  a n n o u n c e m e n t s  u s in g  d a i l y  d a t a  o n  3 - i n o n t h  E U R I B O R  

r a t e s  a n d  2 - y e a r  a n d  1 0 - y e a r  G e r m a n  g o v e r n m e n t  b o n d s .

T h i s  p a p e r  a n a ly z e s  t h e  i m p a c t  o f  k e y  m a c r o e c o n o m i c  a n n o u n c e m e n t s  o n  c o n d i t i o n a l  

m e a n s  a n d  v a r i a n c e s  o f  G e r m a n  in t r a d a i ly  b o n d  y i e l d s  w ith  m a t u r i t i e s  o f  2  a n d  1 0  

y e a r s .  B e c a u s e  o f  t h e  n e a r  c o n v e r g e n c e  o f  E u r o p e a n  b o n d  y ie ld s  t o  G e r m a n  y ie ld s  

w ith  t h e  i n t r o d u c t i o n  o f  t h e  E u r o ,  w e  b e lie v e  G e r m a n  b o n d  y ie ld s  a r e  a  p r e t t y  g o o d
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a p p r o x i m a t i o n  t o  w h a t  w o u ld  c o n s t i t u t e  a  t r u l y  E u r o p e a n  b o n d  y ie ld .

T h e  s e t  o f  m a c r o e c o n o m i c  a n n o u n c e m e n t s  c o n s i s t s  o f  1 7  k ey  m a c r o e c o n o m i c  v a r ia b l e s  

o f  t h e  E u r o  A r e a .  G e r m a n y  a n d  t h e  U S . I n  p a r t i c u l a r ,  f o r  t h e  E u r o  A r e a  w e  c o n s i d e r  

a n n o u n c e m e n t s  o f  t h e  f o l lo w in g  s e v e n  v a r i a b l e s :  E C B  in t e r e s t  r a t e s .  E u r o  A r e a  m o n e y  

s u p p ly , G D P ,  i n d u s t r i a l  p r o d u c t i o n ,  H I C P ,  I I I C P  f la s h  e s t i m a t e s  a n d  u n e m p lo y m e n t  

d a t a .  F o r  G e r m a n y  t h e  s e t  o f  v a r i a b l e s  c o n s i s t s  o f  t h e  fo llo w in g  fiv e : C P I .  t h e  Ifo i n d e x ,  

G D P , i n d u s t r i a l  p r o d u c t i o n  a n d  u n e m p l o y m e n t .  F i n a l l y ,  fo r  t h e  U S  w e  c o n s i d e r  t h e  

fo llo w in g  f iv e  v a r ia b l e s :  I e d f u n d s  t a r g e t  r a t e ,  e m p l o y m e n t .  G D P . i n d u s t r i a l  p r o d u c t i o n  

a n d  C P I .  T h e s e  v a r i a b l e s  a r e  u s u a l l y  c o n s i d e r e d  t o  b e  m a r k e t  m o v e r s  a n d  fo u n d  t o  

s i g n i f i c a n t l y  a f f e c t  t h e  U S  b o n d  m a r k e t .  In  t h i s  s t u d y  w e e x t e n d  t h e  a n a l y s i s  t o  se e  h o w  

t h e s e  a n n o u n c e m e n t s  a f f e c t  t h e  E u r o p e a n  b o n d  m a r k e t .

1.3 A Simple Model of News and the Yield Curve
T h i s  s e c t i o n  p r e s e n t s  a  s i m p l e  m o d e l  h i g h l i g h t i n g  in  a n  a d - h o c  a n d  h ig h ly  s ty liz e d  w a y  

h o w  y ie l d s  o f  b o n d s  w i t h  d if f e r e n t  m a t u r i t i e s  r e s p o n d  t o  d if fe re n t n e w s  re lc i is e s . U s in g  

t h r e e  e q u a t i o n s  o n ly  -  a  m o n e t a r y  t r a n s m i s s i o n  m e c h a n i s m  e q u a t i o n ,  a  c e n t r a l  b a n k  

r e a c t i o n  f u n c t i o n ,  a n d  a n  a r b i t r a g e  e q u a t i o n  u s i n g  t h e  e x p e c t a t i o n s  h y p o t h e s i s  -  it is  

s h o w n  t h a t  a n n o u n c e m e n t  s u r p r i s e s  h a v e  a  d e c l i n i n g  i m p a c t  o v e r  t h e  y i e l d  c u r v e ,  i .e .  

t h e  b ig g e s t  i m p a c t  is f o u n d  o n  b o n d s  w it h  t h e  s h o r t e s t  m a t u r i t y .  T h i s  is  w h a t  i n t u i t i o n  

le a d s  o n e  t o  e x p e c t  a s  t h e  l o n g  y i e l d  is a n  a v e r a g e  o f  c u r r e n t  a n d  e x p e c t e « l  f u t u r e  s h o r t  

y ie ld s .

H o w e v e r , it  n e e d s  t o  b e  p o i n t e d  o u t  t h a t  f o r  m o r e  c o m p l e x  t r a n s m i s s i o n  m e c h a 

n is m  e q u a t i o n s  -  w ith  m o r e  p e r s i s t e n t  e f f e c t s  o f  s h o c k s  o r  w ith  a  h u m p - s h a p e d  im p u ls e -  

r e s p o n s e  f u n c t i o n  o f  s h o c k s  -  t h e  r e s p o n s e  o f  t h e  l o n g  y ie l d  c o u ld  e x c e e d  t h e  r e s p o n s e  o f  

t h e  s h o r t  y ie l d .  T h e  r e s u l t s  o f  t h e  f o llo w in g  m o d e l  a n *  th u s  c o n d i t i o n a l  o n  t h e  a s s u m p 

t i o n  t h a t  t h e  s h o c k s  o r  s u r p r i s e s  a r e  r a t h e r  t r a n s i t o r y .

T h e  m o d e l  s e t  u p  is  s i m i l a r  t o  H a l d a n e  a n d  R e a d  ( 2 0 0 0 ) ,  h u t  c h a n g e d  in a  w a y  

t o  e x p l i c i t l y  d e a l  w ith  t h e  e f f e c t  o f  n e w s  o n  s p o t  y i e l d s ,  r a t h e r  t h a n  f o r w a r d  r a t e s .  In  

p a r t i c u l a r ,  t h e  m o d e l  c o n s i s t s  o f  t h e  fo l lo w in g  t h r e e  e q u a t i o n s :

27+1 — axt + ftyi.t + f f.+i (i.i)

VU = ¿fa - x (*) (1.2)

JJn.t = ~{yi.t + ! + ••• + £tj/u+«-i) (1..1)

w h e r e  Xt is  a  s c a l a r  o r  v e c t o r  o f  m a c r o  v a r i a b l e s ,  lik e  G D P  o r  i n c o m e ,  in f la t io n  o r  

u n e m p l o y m e n t ,  a n d  yn.t is  t h e  y i e l d  a t  t i m e  t o f  a  b o n d  w ith  m a t u r i t y  n. T h e  s h o r t  

t e r m  i n t e r e s t  r a t e ,  y u  is  a s s u m e d  t o  b e  s e t  b y  t h e  c e n t r a l  b a n k . E q u a t i o n  ( 1 .1 )  c a n  b e  

t h o u g h t  o f  a s  t h e  r e d u c e d - f o r m  o f  t h e  m o n e t a r y  p o l i c y  t r a n s m i s s io n  m e c h a n i s m  o f  t h e
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m a c r o  v a r i a b l e s  w h ic h  a r e  a s s u m e d  t o  b e  c o v a r i a n c e  s t a t i o n a r y ,  i n  l in e  w i t h  t h e  a b o v e  

d is c u s s io n  o n  t h e  d y n a m i c s  o f  t h e  t r a n s m i s s i o n  m e c h a n i s m .  T h e  s h o r t  r a t e  a f f e c ts  t h e  

v e c t o r  o f  m a c r o  v a r ia b l e s  w it h  a  t i m e  l a g  o f  o n e  p e r i o d .  T h e  p a r a m e t e r  ft  m e a s u r e s  t h e  

e ffe c t  o f  t h e  s h o r t  r a t e  o n  t h e  m a c r o  v a r ia b le s .  I f  x t c o n s i s t s  o f  G D P  o n ly , t h e n  ft s h o u ld  

b e  n e g a t i v e ,  w h i ls t  it  s h o u ld  b e  p o s i t i v e  i f  Xt c o n s i s t s  o f  u n e m p lo y m e n t  o n l y .

T h e  t e r m  ~  A f ( 0 , o f )  r e p r e s e n t s  a  s u r p r i s e  s h o c k  h i t t i n g  t h e  e c o n o m y  w ith

p o s s ib ly  t i m e - v a r y i n g  c o n d i t i o n a l  v a r ia n c e .  T h e  s u r p r i s e  is  a s s u m e d  k n o w n  t o  t h e  c e n t r a l  

b a n k  w h e n  p o l i c y  d e c i s i o n s  f o r  p e r i o d  t + 1  a r e  m a d e ,  b u t  u n k n o w n  t o  t h e  p u b l i c .  T h u s ,  

It is  t h e  p u b l i c  s e c t o r 's  i n f o r m a t i o n  s e t ,  n o t  h o w e v e r  t h a t  o f  t h e  c e n t r a l  b a n k .  W h e n  

m a k i n g  d e c i s i o n s  f o r  p e r i o d  t - f  1 t h e  p u b lic  h a s  t o  f o r m  e x p e c t a t i o n s  o f  c * + i  c o n d i t i o n a l  

o n  p e r i o d  /  i n f o r m a t i o n ,  w i t h  t h e  p r o p e r t y  t h a t  E t(et+i) =  0  w h e r e  E t is  t h e  e x p e c t a t i o n s  

o p e r a t o r  w i t h  r e s p e c t  t o  t h e  i n f o r m a t i o n  s e t  I t . T h e  p u b l i c  o n ly  l e a r n s  a b o u t  u+i a f t e r  

t h e  i n t e r e s t  r a t e  d e c is io n  l ia s  b e e n  m a d e  w h e n  i t  o b s e r v e s  x i + i a n d  yi t a n d  h e n c e  c a n  

in fe r  c i + i f r o m  e q u a t i o n  ( 1 . 1 ) .  A t  t h e  s a m e  t i m e  t h e  p u b l i c  l e a r n s  a b o u t  x j ,  t h e  v e c t o r  

o f  p o s s ib ly  t i m e  v a r y i n g  p o l i c y  t a r g e t s .

E q u a t i o n  ( 1 . 2 )  d e f in e s  t h e  r e a c t i o n  f u n c t io n  o f  t h e  c e n t r a l  b a n k  w h ic h  s e e k s  t o  o ffse t  

d e v i a t io n s  f r o m  p o l ic y  t a r g e t s  b y  v a r y i n g  t h e  s h o r t - r u n  i n t e r e s t  r a t e .  T h e  p a r a m e t e r  6 
s h o u ld  b e  o f  o p p o s i t e  s i g n  t o  ft  f o r  p o l ic y  t o  b e  s h o c k - a b s o r b i n g .  A ll  p a r a m e t e r s  a r e  

a s s u m e d  t o  b e  c o m m o n  k n o w le d g e .

F i n a l l y ,  e q u a t i o n  ( 1 . 3 )  is a  l i n e a r i z e d  v e r s io n  o f  t h e  p u r e  e x p e c t a t i o n s  h y p o th e s is :  

T h e  lo n g  y i e l d  is a n  a v e r a g e  o f  e x p e c t e d  f u t u r e  s h o r t  r a t e s ,  w h ic h  a r e  s u p p o s e d  t o  b e  

u n d e r  t h e  c o n t r o l  o f  t h e  c e n t r a l  b a n k  ( e q u a t i o n  ( 1 . 2 ) ) .  T h u s ,  i t  i m m e d i a t e l y  fo llo w s  t h a t  

th e  l o n g  r a t e  d e p e n d s  o n  t h e  m a r k e t ’s e x p e c t a t i o n  o f  w h a t  t h e  c e n t r a l  b a n k  is g o in g  t o  

d o  w ith  t h e  s h o r t  r a t e ,  w h ic h  a g a i n  is d e t e r m in e d  b y  n e w s  a b o u t  t h e  m a c r o e c o n o m y  

(se t1 e q u a t i o n  ( 1 . 1 ) ) .

T h e r e  a r e  tw o  s o u r c e s  o f  u n c e r t a i n t y  in  t h e  m o d e l :  f i r s t ,  u n c e r t a i n t y  a r i s i n g  f ro m  

th e  p u b li c  o n l y  l e a r n in g  a b o u t  t i+ 1 a f t e r  t h e  i n t e r e s t  r a t e  d e c is io n  h a s  b e e n  m a d e ,  a n d  

s e c o n d , u n c e r t a i n t y  a b o u t  c u r r e n t  a n d  f u t u r e  p o l i c y  t a r g e t s ,  { .  T h e  f o r m e r  

c a n  b e  s e e n  a s  u n c e r t a i n t y  a r i s i n g  f r o m  t h e  a n n o u n c e m e n t s  o f  m a c r o e c o n o m i c  n e w s ,  

like G D I*  f i g u r e s ,  u n e m p l o y m e n t  n u m b e r s ,  o r  in t e r e s t  r a t e  d e c is io n s , w h i ls t  t h e  l a t t e r  

c a n  b e  r e g a r d e d  a s  p r o p e r  r e a c t i o n  f u n c t i o n  u n c e r t a i n t y  a r is in g  f r o m  i m p e r f e c t  p o lic y  

c r e d ib i l i ty .

A s  th is  s t u d y 's  c o n c e r n  is  t h e  e f f e c t  o f  n e w s  o n  t h e  b o n d  m a r k e t  o n l y ,  t h i s  s tu d y  

d is r e g a r d s  r e a c t i o n  f u n c t i o n  u n c e r t a i n t y  fo r  t h e  m o m e n t  a n d  t r e a t s  x*t a s  k n o w n . It  

f u r t h e r  s im p lif ie s  t h e  a n a l y s i s  t o  s e t  x (* e q u a l  t o  a  c o n s t a n t ,  a n d  w i t h o u t  lo s s  o f  g e n e r a l i ty ,  

e q u a l  t o  z e r o ,  i .e .  x* = x  =  0  a s  t h e r e  is  c u r r e n t l y  n o  e v i d e n c e  t h a t  t h e  E C B ,  f o r  i n s t a n c e ,  

is g o i n g  t o  c h a n g e  i ts  p o l i c y  t a r g e t s  in  t h e  f u t u r e .

T o  se e  w h a t  t h e  m o d e l  p r e d i c t s  f o r  y ie ld  c h a n g e s ,  w e  s o lv e  fo r t h e  'u n e x p e c t e d '  c o m 

p o n e n t  o f  t h e  n - p e r i o d  y i e l d ,  y,ut — E t- iy nj< w h ic h  c a n  b e  a p p r o x i m a t e l y  r e g a r d e d  a s  t h e  

y ie ld  c h a n g e  if  Et- iy n.t is  a p p r o x i m a t e l y  e q u a l  t o  yn.t-\,  b e .  if y ie ld s  h a v e  a p p r o x i m a t e l y
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t h e  m a r t i n g a l e  p r o p e r t y .  S u b s t i t u t i n g  in  f o r  y\ t f r o m  e q u a tio n  ( 1 . 2 )  g iv e s

■Ti+i — (ft +  dS)xt +  ( 1 - 4 )

f r o m  w h ic h  t h e  a b o v e  s t a t i o n a r i t y  c o n d i t i o n  is  d e r i v e d . A p p l y i n g  t h e  e x p e c t a t i o n s  

h y p o t h e s i s ,  e q u a t i o n  ( 1 . 3 ) .  a n d  u s i n g  b a c k w a r d  s u b s t i t u t i o n  fo r  x t . t h e n  g iv e s  t h e  r e s u l t  

f o r  t h e  a p p r o x i m a t e  y i e l d  c h a n g e :

VnJ Bt — lVii.t —It
' 1 -  (o -h/flOT

1 -  ( o  -f  /id) u ‘
( 1 - 5 )

T h e  i m p a c t  o f  a n n o u n c e m e n t  s u r p r i s e s ,  t ( , is t h u s  s e e n  t o  b e  l a r g e s t  f o r  s h o r t  y i e l d s  

a n d  d e c l i n i n g  fo r  y ie l d s  w it h  l o n g e r  m a t u r i t i e s .  A  h i g h e r  p e r s i s t e n c e  p a r a m e t e r  n ,  a n d  

l o w e r  v a l u e s  ( in  a b s o l u t e  t e r m s )  o f  ¡i a n d  t h e  p a r a m e t e r s  d e t e r m i n i n g  t h e  r e l a t i o n  

b e t w e e n  t h e  m a c r o  v a r i a b l e s  a n d  t h e  s h o r t  r a t e ,  a r e  f u r t h e r  s e e n  t o  in c re a s e *  the* re s p o n se *  

o f  l o n g e r  y i e l d s  t o  n e w s . F i n a l l y ,  ms e x p e c t e d ,  t h e  s i g n  o f  t h e  y ie ld  ch a n g e * is t h e  s a m e  a s  

t h e  s ig n  o f  t h e  s u r p r i s e ,  i .e .  p o s i t i v e  ( n e g a t i v e )  a n n o u n c e m e n t  s u r p r i s e s  l e a d  t o  p o s i t i v e  

( n e g a t i v e )  y ie l d  c h a n g e s .

T h u s ,  t h i s  s im p le  a n d  h ig h ly  s t y l i z e d  m o d e l  g i v e s  c l e a r  p r e d i c t i o n s  o n  t h e  i m p a c t  

o f  n e w s  o n  y ie l d  c h a n g e s  a c r o s s  t h e  m a t u r i t y  s p e c t r u m .  S o m e  f u r t h e r  i s s u e s  s h o u ld  Ik * 

m e n t i o n e d  in  c o n c l u d in g .  F i r s t ,  a l lo w in g  f o r  m o r e  g e n e r a l  m o n e t a r y  t r a n s m i s s i o n  m e c h 

a n i s m  p r o c e s s e s  w o u ld  b e  o n e  w a y  o f  g e n e r a l i z in g  t h e  « ‘s u i ts .  H o w e v e r ,  tin * c o v a r i a n c e  

s t a t i o n a r i t y  a s s u m p t i o n  s e e m s  s o m e w h a t  n a t u r a l  f o r  a n  a s s u m e d  A H ( 1 )  p r o c e s s .  B u t  

m o r e  g e n e r a l  p r o c e s s e s  a r e  c o n c e i v a b l e .  S e c o n d ,  t h e  la g  s t r u c t u r e  o f  t h e  i n t e r e s t  r a t e  

i m p a c t  o n  t h e  m a c r o  v a r i a b l e s  c o u ld  b e  c h a n g e d ,  a n d  t h e  m a c r o  v a r i a b l e s  c o u ld  b e  m a d e  

d e p e n d e n t  o n  a  lo n g  t e r m  i n t e r e s t  r a t e  r a t h e r  t h a n  a  s h o r t  r a t e .  T h i r d ,  t h e  m o d e l  c o u l d  

b e  g e n e r a l i z e d  t o  a c c o m m o d a t e  c h a n g e s  in  f u t u r e  p o l i c y  t a r g e t  v a lu e s  a n d  in  p a r t i c u l a r ,  

t o  a l lo w  f o r  u n c e r t a i n t y  a r o u n d  t h e s e  t a r g e t  v a lu e s  o n  b e h a lf  o f  t h e  p u b l i c .  A n d  f in a l ly ,  

t h i s  m o d e l  h a s  n o t h i n g  t o  s a y  a b o u t  t h e  i m p a c t  o f  n e w s  o n  th e  v o l a t i l i t y  p r o c e s s  o f  y i e l d  

c h a n g e s .  T h e s e  a n d  o t h e r  is s u e s  p r e s e n t  o p e n  q u e s t i o n s  fo r  r e s e a r c h .

1.4 Data and Preliminary Analysis
H a v i n g  d e r i v e d  s o m e  t h e o r e t i c a l  p r e d i c t i o n s  o n  t h e  i m p a c t  o f  n e w s  o n  y ie ld  c h a n g e s ,  

t h i s  s e c t i o n  a n d  t h e  n e x t  p r e s e n t  t h e  e m p i r i c a l  p a r t  o f  t h e  p a p e r .  T h e  fo llo w in g  t w o  

s u b s e c t i o n s  d e s c r i b e  t h e  y ie ld  a n d  a n n o u n c e m e n t  d a t a ,  w h ils t t h e  l a s t  s u b s e c t i o n  d i s 

c u s s e s  t h e  e c o n o m e t r i c  m e t h o d o l o g y  a n d  u s e s  a  s i m p l e  r e g r e s s io n  m o d e l  in  a  p r e l i m i n a r y  

a n a l y s i s  o f  t h e  d a t a .  L a t e r  s e c t i o n s  th e n  e x t e n d  t h e  a n a l y s i s  t o  a c c o u n t  f o r  t i m e  v a r y i n g  

c o n d i t i o n a l  v a r ia n c e s  o f  t h e  e r r o r  t e r m .

mmmrmm
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1.4.1 Yield Data
W e  s t u d y  t h e  i m p a c t  o f  n e w s  o n  i n t r a d a i l y  y ie ld  c h a n g e s  o f  2 - y e a r  a n d  1 0 - y e a r  G e r m a n  

g o v e r n m e n t  b o n d s  o v e r  t h e  p e r i o d  J a n u a r y  1 9 9 9  t o  J u n e  2 0 0 3 .  T h e  l i t e r a t u r e  u s e s  b o t h ,  

p e r c e n t a g e  r a t e s  o f  c h a n g e  o f  b o n d  p r i c e s  a s  w e ll a s  y ie l d  c h a n g e s  t o  m e a s u r e  c h a n g e s  in  

t h e  b o n d  m a r k e t .  A p p e n d i x  1 .7 .1  s h o w s  t h e  r e l a t i o n  b e tw e e n  b o n d  p r i c e  c h a n g e s  a n d  

y ie ld  c h a n g e s  a n d  w h y  i t  is a p p r o p r i a t e  t o  c o n s i d e r  y i e l d  c h a n g e s . T o  p r e c i s e l y  c a p t u r e  

t h e  i m m e d i a t e  i m p a c t  o f  n e w s  o n  t h e  y ie ld  c h a n g e  o n e  w o u ld  n e e d  t o  o b t a i n  y ie l d  d a t a  

f ro m  j u s t  b e f o r e  t o  j u s t  a f t e r  t h e  n e w s  r e le a s e .  W h i l s t  t h i s  is  d o n e  in  s o m e  s t u d i e s  u s in g  

t ic k  d a t a ,  o t h e r s  u s e  d a i l y  d a t a  w h ic h  c o n t a i n s  m o r e  n o i s e ,  b u t  w h ic h  c a n  p o t e n t i a l l y  

te ll  m o r e  a b o u t  t h e  l o n g - r u n  e f f e c t  o f  t h e  n e w s  o n  t h e  m a r k e t .  T h i s  s t u d y  g o e s  t h e  

m id d le  w a y  a n d  u s e s  i n t r a d a i l y  d a t a  ta k e n  a t  five t i m e s  a  d a y . S p e c i f i c a l ly ,  t h e  y ie ld  

d a t a  c o n s i s t s  o f  R e u t e r s  d a t a  t a k e n  a t  9 : 0 0 ,  1 2 :0 0 ,  1 5 : 0 0 ,  1 8 :0 0  a n d  2 1 : 0 0 .  A p p e n d ix

1 .7 .2  p lo t s  t h e  t w o  y ie ld  s e r ie s  a n d  t h e i r  i n t r a d a i l y  c h a n g e s  o v e r  t h e  s a m p l e  p e r i o d .  A s  

th is  s t u d y  is c o n c e r n e d  w ith  t h e  r e s p o n s e  o f  y ie ld s  t o  t h e  re le a s e  o f  n e w s , w e  c o n s i d e r  

i n t r a d a i ly  y i e l d  c h a n g e s ,  r a t h e r  t h a n  t h e i r  le v e ls . T h e s e  i n t r a d a i l y  y ie ld  c h a n g e s  th u s  

c o n s i s t  o f  t h e  c h a n g e s  in  y ie ld  f r o m  9 : 0 0  t o  1 2 :0 0 ,  f r o m  1 2 :0 0  t o  1 5 :0 0 ,  f r o m  1 5 :0 0  t o  

1 8 :0 0 ,  f ro m  1 8 :0 0  t o  2 1 : 0 0  a n d  f r o m  2 1 :0 0  t o  9 : 0 0 .  T h o u g h  t h e  i n t e r v a l s  a r e  n o t  e q u a lly  

s p a c e d  b e c a u s e  o f  t h e  l o n g  i n t e r v a l  f r o m  9 p m  t o  9 a m  w h e n  t h e  m a r k e t  is c l o s e d ,  t h e r e  

d o e s  n o t  s e e m  t o  b e  a  s t r a i g h t f o r w a r d  p r o c e d u r e  t o  fo llo w  in  t h e  l i t e r a t u r e  a n d  p r e c is e ly  

b e c a u s e  m a r k e t  a c t i v i t y  is a r g u a b l y  lo w e r  d u r in g  t h a t  p e r i o d ,  w e  b e l ie v e  t h e  f a c t  t h a t  

t h e  i n t e r v a ls  a r e  i r r e g u l a r l y  s p a c e d  d o e s  n o t  m a t t e r  m u c h  fo r  t h e  s u b s e q u e n t  a n a ly s is .

F i n a n c i a l  t i m e  s e r ie s  a r e  w e ll k n o w n  fo r  t h e i r  t i m e  d e p e n d e n c i e s ,  lik e  a u t o c o r r e l a t i o n ,  

a n d  in  p a r t i c u l a r ,  A R C H  e f f e c ts  ( s e e  B o l le r s le v  e t  a l  1 9 9 2 ) .  T o  c o n s i d e r  t h e s e  e f f e c ts  

in  t h e  r a w  s e r i e s ,  t h e  s a m p l e  a u t o c o r r e l a t i o n  f u n c t i o n s  o f  t h e  y ie ld  c h a n g e s ,  a n d  t h e  

a b s o lu t e  a n d  s q u a r e d  y ie l d  c h a n g e s  o f  b o t h  s e r ie s  a r e  s h o w n  in  f ig u re  1 .1 .

T h e  f ig u r e  i n d i c a t e s  s o m e  a u t o c o r r e l a t i o n  fo r  t h e  le v e l  o f  y ie ld  c h a n g e s ,  a n d  s t r o n g  

a u t o c o r r e l a t i o n  fo r  t h e  s q u a r e d  a n d  a b s o lu t e  s e r ie s  o f  y ie ld  c h a n g e s .  T h u s ,  i t  s e e m s  

a p p r o p r i a t e  a t  t h i s  s t a g e  t o  l a t e r  u s e  A R C H - t y p e  o f  m o d e l s  t h a t  w ill c a p t u r e  t h i s  t i m e -  

v a r y in g  v o l a t i l i t y  p a t t e r n  in  t h e  y i e l d  c h a n g e s .  S o m e  f u r t h e r  p o i n ts  d e s e r v e  m e n t io n in g :  

F i r s t ,  t h e  a u t o c o r r e l a t i o n  o f  t h e  a b s o l u t e  s e r ie s  s e e m s  s t r o n g e r  t h a n  t h a t  o f  t h e  s q u a r e d  

s e r ie s . S e c o n d ,  in  g e n e r a l ,  a u t o c o r r e l a t i o n  s e e m s  t o  b e  s t r o n g e r  f o r  t h e  1 0 - y e a r  y ie ld  

s e r ie s  t h a n  f o r  t h e  2 - y e a r  y ie ld  s e r i e s ,  t h o u g h  t h e  a u t o c o r r e l a t i o n  fo r  t h e  f i r s t  tw o  l a g s  

is f a r  s t r o n g e r  in  t h e  2 - y e a r  s e r ie s .  A n d  t h i r d ,  t h e r e  s e e m s  t o  b e  a n  i n t e r e s t i n g  c y c l i c a l  

p a t t e r n  a t  w o r k ,  n o t i c e a b l e  f o r  t h e  t w o  a b s o l u t e  y i e l d  c h a n g e  s e r ie s  a n d  t h e  s q u a r e d  

y ie ld  c h a n g e s  o f  t h e  1 0 - y e a r  s e r i e s :  t h e  a u t o c o r r e l a t i o n s  a t  la g s  5 ,  1 0 ,  1 5 ,  a n d  2 0  a r c  

n o t e w o r t h y  h i g h e r  t h a n  t h e  r e s t .  L a g  fiv e  c o r r e s p o n d s  t o  t h e  y ie ld  c h a n g e  o f  t h e  s a m e  

in te r v a l  a  d a y  a g o .  T h u s ,  t h e r e  s e e m s  t o  b e  m o r e  a u t o c o r r e l a t i o n  in  t h e  v o l a t i l i t y  o f  

d a ily  y ie ld  c h a n g e s ,  t h a n  in  t h e  v o l a t i l i t y  o f  i n t r a d a i l y  y i e l d  c h a n g e s .
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F i g u r e  1 .1 :  A u t o c o r r e l a t i o n  p r o p e r t i e s  o f  y ie ld  c h a n g e s .
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1.4.2 Announcement Data
T h e  s e t  o f  a n n o u n c e m e n t s  c o n s i s t s  o f  w e e k ly , m o n t h l y  a n d  q u a r t e r l y  s c h e d u l e d  a n 

n o u n c e m e n t s  o f  1 7  k ey  m a c r o e c o n o m i c  v a r ia b le s  o f  t h e  E u r o  A r e a ,  G e r m a n y  a n d  th e  

E S  o v e r  t h e  sam e* t im e  p e r i o d  a s  t h e  y ie ld  s e r ie s .  In  p a r t i c u l a r ,  t h e  s e l e c t e d  a n n o u n c e 

m e n t s  a r e :  F o r  t h e  E u r o  A r e a :  E C B  i n t e r e s t  r a t e s ,  E u r o  A r e a  m o n e y  s u p p l y ,  G D P .  

i n d u s t r i a l  p r o d u c t i o n .  H I C P .  I I I C P  f la sh  e s t i m a t e s  a n d  u n e m p lo y m e n t  d a t a .  F o r  G e r 

m a n y : C P I ,  t h e  Ifo  i n d e x ,  G D P , i n d u s tr i a l  p r o d u c t i o n  a n d  u n e m p l o y m e n t .  F o r  t h e  U S :  

t h e  F e d e r a l  F u n d s  t a r g e t  r a t e ,  e m p l o y m e n t ,  G D P , i n d u s t r i a l  p r o d u c t i o n  a n d  C P I .  T h e s e  

a n n o u n c e m e n t s  a r e  u s u a l ly  r e g a r d e d  a s  m a r k e t - m o v e r s  b y  m a r k e t  p a r t i c i p a n t s  a n d  th e  

U S  a n n o u n c e m e n t s  h a v e  b e e n  f o u n d  s ig n if ic a n t  fo r  t h e  U S  b o n d  m a r k e t .  T h u s  it s e e m s  

n a t u r a l  t o  i n c l u d e  t h e m  in  th e  s e t  o f  a n n o u n c e m e n t s .

1.4.3 Preliminary Analysis
T o  c a p t u r e  s u r p r i s e s ,  m a r k e t  e x p e c t a t i o n s  o f  a n n o u n c e m e n t s  a r e  t a k e n  f r o m  s u r v e y s  c o n 

d u c t e d  b y  v e n d o r s  like B l o o m b e r g  a n d  M M S  I n t e r n a t i o n a l .  E v e r y  F r i d a y ,  B l o o m b e r g  

a n d  M M S  I n t e r n a t i o n a l  r e g u l a r l y  s u r v e y  k ey  f in a n c ia l  i n s t i t u t i o n s  -  m a i n l y  i n v e s t m e n t  

b a n k s  -  a b o u t  t h e i r  f o r e c a s t s  a b o u t  m a c r o e c o n o m i c  r e l e a s e s  in t h e  fo llo w in g  w e e k . T h e  

m e d i a n  is t h e n  u s u a lly  t a k e n  a s  t h e  'm a r k e t  e x p e c t a t i o n ’ . T h e  s u r p r i s e  s e r i e s  f o r  e a c h  o f  

th e  t h r o e  a n n o u n c e m e n t s  is t h e n  c a l c u l a t e d  b y  s u b t r a c t i n g  t h e  m e d i a n  f o r e c a s t ,  o r  m a r 

k et e x p e c t a t i o n ,  f ro m  t h e  a c t u a l  a n n o u n c e m e n t .  T o  f a c i l i t a t e  c o m p a r i s o n  o f  r e g r e s s io n  

p a r a m e t e r s  f o r  d if fe re n t  a n n o u n c e m e n t s ,  t h e  s u r p r i s e s  a r e  t h e n  s t a n d a r d i z e d  b y  d iv id in g  

t h r o u g h  b y  t h e i r  s a m p l e  s t a n d a r d  d e v i a t io n s .  T h u s ,  t h e  v a r i a n c e  o f  a ll  s t a n d a r d i z e d  

su rp ris e 's  is s e t  e q u a l  t o  one*, f o r m a l l y ,  w e h a v e

w h e r e  is  t h e  s t a n d a r d i z e d  s u r p r is e  o f  a n n o u n c e m e n t  k -- l . .A \  w h e r e  a n d  

a r e  t h e  v a lu e  o f  t h e  a c t u a l  a n n o u n c e m e n t  a n d  i t s  s u r v e y  f o r e c a s t  a s  o f  t im e  

/ -  1 , r e s p e c t i v e l y ,  a n d  w h e r e  is t h e  s a m p le  s t a n d a r d  d e v i a t i o n  o f  t h e  n o n s t a n d a r d i z e d  

s u r p r i s e s ,  i .e ,  o f  A u  -  Ft-]{Ah,t)•

T h e r e  w e r e  b e tw e e n  s i x  a n d  8 3  a n n o u n c e m e n t s  fo r  e a c h  o f  t h e  1 7  a n n o u n c e m e n t  

s c r ie s ,  w ith  o n l y  s i x  a n n o u n c e m e n t s  fo r  E u r o  A r e a  G D P  a n d  w ith  8 3  a n n o u n c e m e n t s  fo r  

E C B  i n t e r e s t  r a t e  a n n o u n c e m e n t s .  In  g e n e r a l ,  t h e r e  w e r e  fe w e r E u r o  A r e a  a n n o u n c e 

m e n t s  t h a n  t h e r e  w e re  G e r m a n  o r  U S  a n n o u n c e m e n t s .  U s in g  a  t i m e  s e r ie s  s e t  u p  w ith  

a s  m a n y  a s  f iv e  o b s e r v a t i o n s  a  d a y .  a n d  a  s a m p l e  r u n n i n g  f ro m  J a n u a r y  1 9 9 9  t o  J u n e  

2 0 0 3 .  g iv e s  5 0 1 2  o b s e r v a t i o n s  a f t e r  d e le t in g  a n y  m is s in g  V alin 's in tin * s e r ie s .  T h i s  m e a n s  

t h e  skJ s e r ie s  c o n t a i n  v e r y  m a n y  z e r o s .  In  f a c t ,  .s¡.j c a n  o n l y  b e  n o n - z e r o  o n  d a y s  o f  a n  

a n n o u n c e m e n t  o f  s e r ie s  k. a n d  t h e n  o n ly  if  t h e  a n n o u n c e m e n t  d if f e r s  f r o m  t h e  s u rv e y  

v a lu e , i .e . i f  t h e r e  w a s  a  s u r p r i s e .

Ok
(1.0)
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F i g u r e  1 .2 :  T h e  Ifo  in d e x  a s  a n  e x a m p l e .  L e f t  p a n e l :  s o l id  lin e : a n n o u n c e d  v a lu s , d a s h e d  

l in e : m a r k e t  f o r e c a s t s . B i g h t  p a n e l :  s t a n d a r d i z e d  s u r p r i s e s .

A s  a n  e x a m p l e ,  f ig u r e  1 .2  s h o w s  t h e  a c t u a l l y  a n n o u n c e d  v a lu e s  t o g e t h e r  w ith  t h e i r  

m a r k e t  f o r e c a s t s  a n d  c o r r e s p o n d i n g  s t a n d a r d i z e d  s u r p r i s e s  o f  t h e  Ifo  i n d e x .  T h e  s o l id  

l in e  in  t h e  le f t  d i a g r a m  s h o w s  t h e  a c t u a l  a n n o u n c e m e n t s  o f  t h e  Ifo  i n d e x ,  w h ils t t h e  

d a s h e d  l in e  s h o w s  t h e  m a r k e t  f o r e c a s t s  a s  m e a s u r e d  b y  t h e  m e d i a n  o f  t h e  B l o o m b e r g  

s u r v e y . In  g e n e r a l ,  t h e  f o r e c a s t s  a r e  p r e t t y  c l o s e  t o  t h e  a c t u a l  v a lu e ,  h o w e v e r ,  t h e r e  w e n *  

s e e m in g ly  s o m e w h a t  m o r e  n e g a t i v e  s u r p r i s e s  o v e r  t h e  s a m p l e  p e r i o d  t h a n  p o s i t i v e  s u r 

p r i s e s ,  a s  s h o w n  in  t h e  r i g h t  d i a g r a m  w h ic h  p l o t s  t h e  s t a n d a r d i z e d  s u r p r i s e s .  E h r m a n n  

a n d  F r a t z s c h e r  ( 2 0 0 2 )  t e s t  f o r  t h e  p r o p e r t i e s  o f  s u r v e y  d a t a  a n d  f in d , h o w e v e r , l i t t l e  

e v i d e n c e  o f  b ia s  o r  in e f f ic ie n c y .

O n e  i m p o r t a n t  s h o r t c o m i n g  o f  o u r  a p p r o a c h ,  a n d  o f  m o s t  s t u d i e s  in  t h e  l i t e r a t u r e ,  

is t h a t  w e  d o  n o t  c o n s i d e r  i n f o r m a t i o n  a b o u t  t h e  m a r k e t  u n c e r t a i n t y  a r o u n d  t h e  m a r k e t  

f o r e c a s t .  E s s e n t i a l l y ,  i t  s e e m s  n a t u r a l  t o  b e l ie v e  t h e  m a r k e t 's  r e s p o n s e  t o  a  s u r p r i s e  is  

d if fe re n t  ( p r e s u m a b l y  b i g g e r )  w h e n  t h e  m a r k e t  w a s  p r e t t y  s u r e  a b o u t  i t s  f o r e c a s t  b e 

f o r e h a n d .  O n  t h e  o t h e r  h a n d ,  if  t h e  m a r k e t  h a s  n o t  b e e n  p r e t t y  s u n 1 a b o u t  i ts  f o r e c a s t ,  

o n e  w o u ld  e x p e c t  t h e  m a r k e t ’s  r e s p o n s e  t o  t h e  s a m e  s u r p r is e  t o  b e  d if f e r e n t  ( p r e s u m 

a b l y  s o m e w h a t  s m a l l e r ) .  I t  w o u l d ,  in  f a c t ,  b e  p o s s i b le  t o  te s t  f o r  s u c h  e f f e c ts  b e c a u s e
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B l o o m b e r g  a n d  o t h e r  v e n d o r s  d o  a c t u a l l y  p u b lis h  i n d i v i d u a l  m a r k e t  p a r t i c i p a n t s '  fo re 

c a s t s ,  h o w e v e r  it  w a s  n o t  p o s s i b le  t o  r e t r i e v e  t h i s  d a t a .

A n o t h e r  i m p o r t a n t  p o i n t  c o n c e r n s  t h e  t i m i n g  o f  t h e  r e le a s e s . H a v i n g  s e t  u p  th e  

y ie ld  c h a n g e s  a c c o r d i n g  t o  t h e  c h a n g e s  o v e r  t h e  v a r i o u s  in te r v a ls ,  t h e  a n n o u n c e m e n t  

s u r p r i s e s  n e e d  t o  h e  m a t c h e d  t o  t h e  c o r r e s p o n d in g  i n t e r v a l  w h e n  t h e  a n n o u n c e m e n t  

to o k  p l a c e .  E C B  i n t e r e s t  r a t e  d e c i s i o n s  w e re  a n n o u n c e d  a t  9 :0 0  a t  t h e  b e g i n n in g  o f  

th e  s a m p l e  p e r i o d ,  b u t  t h e  E C B  s o o n  c h a n g e d  t h e  t i m e  o f  a n n o u n c e m e n t  t o  1 3 :4 5  

w h e n  a  p r e s s  s t a t e m e n t  is  c o m m u n i c a t e d  b e f o r e  t h e  E C B  p re s s  c o n f e r e n c e .  E u r o  A re a  

m o n e y  s u p p l y  a n n o u n c e m e n t s  a r e  m a d e  a t  1 0 :0 0  a n d  a l l  o t h e r  E u r o  A r e a  a n n o u n c e m e n t s  

a r e  m a d e  a t  1 2 :0 0 .  A ll G e r m a n  a n n o u n c e m e n t s  o t h e r  t h a n  t h e  Ifo  i n d e x  a r e  m a d e  

at 8 : 0 0 .  T h e  Ifo  in d e x  is  a n n o u n c e d  a t  1 0 :0 0 .  U n f o r t u n a t e l y .  I o n ly  h a v e  d a t a  o n  

u n e m p lo y m e n t  a n n o u n c e m e n t s  m a d e  b y  th e  D e u t s c h e  B u n d e s b a n k , n o t  t h o s e  m a d e  by  

th e  B u n d e s a g e n t u r  fiir A r b e i t ,  w h i c h  is th e  o n e  m o r e  c lo s e ly  lo o k e d  a t  in  t h e  ¡n e s s .  

A ll U S  a n n o u n c e m e n t s ,  w i t h  t h e  e x c e p t i o n s  o f  t h e  E e d e r a l  F u n d s  t a r g e t  r a t e  a n d  th e  

i n d u s tr i a l  p r o d u c t i o n  f ig u r e s , a r e  a n n o u n c e d  a t  8 : 3 0  E a s t e r n  T im e  w h ic h  c o r r e s p o n d s  to  

1 1 .3 0  C e n t r a l  E u r o p e a n  T i m e .  T h e  F e d f u n d s  t a r g e t  r a t i*  is a n n o u n c e d  a t  F l : 3 0  E a s t e r n  

' l i m e  w h ic h  c o r r e s p o n d s  t o  2 0 : 3 0  C E T .  F in a l ly ,  U S  i n d u s t r i a l  p r o d u c t i o n  f ig u r e s  a re  

a n n o u n c e d  a t  9 : 1 5  E a s t e r n  T i m e  c o r r e s p o n d i n g  t o  1 5 : 1 5  C e n t r a l  E u r o p e a n  T i m e .  O n e  

n e e d s  t o  b e  v e r y  c a r e f u l  in  m a t c h i n g  th e s e  a n n o u n c e m e n t s  t o  t h e  c o r r e s p o n d i n g  y ie ld  

c h a n g e s .

F i n a l l y ,  b e f o r e  m o v in g  t o  m o r e  fo r m a l  e c o n o m e t r i c  a n a l y s i s ,  w e  p lo t  f ig u r e s  o f  th e  

s t a n d a r d  d e v i a t i o n s  o f  t h e  y ie l d  c h a n g e s  a t  t h e  v a r i o u s  t i m e  i n t e r v a ls  c o n d i t i o n a l  o n  

w h e t h e r  t h e r e  1m s b e e n  a n  a n n o u n c e m e n t  o n  t h a t  p a r t i c u l a r  d a y  o r  n o t .  F i g u r e  1 .3  

s h o w s  t h e  r e s u l t s .  T h o u g h  th i s  is p u r e ly  d e s c r i p t i v e ,  i t  r e v e a ls  t h e  h ig h e r  v o l a t i l i t y  o f  

y ie ld  c h a n g e s  o n  d a y s  w it h  a t  l e a s t  o n e  a n n o u n c e m e n t  c o i n  p are«  1 t o  d a y s  w i t h o u t  a n y  a n 

n o u n c e m e n t .  T h e  d if f e r e n c e  b e t w e e n  t h e  n o - a n n o u n c e m e n t  lin e s  a n d  t h e  a n n o u n c e m e n t  

lin es is  b ig g e s t  a t  t h e  t i m e  i n t e r v a l  f r o m  1 2  t o  1 5 .  e x a c t l y  t h a t  in te r v a l  d u r i n g  w h ic h  th e  

U S  d a t a  is  a n n o u n c e d  a n d  d u r i n g  w h ic h  t h e  U S  m a r k e t  o p e n s .  T h i s  s u g g e s t s  a t  le a st  

s o m e  i n f lu e n c e  o f  t h e  U S  e c o n o m y  a n d  f in a n c ia l  m a r k e t s  o n  E u r o p e a n  b o n d  m a r k e t s .  

Fu ll h i s t o g r a m s  o f  y ie ld  c h a n g e s  c o n d i t i o n a l  o n  a n n o u n c e m e n t  a n d  n o - a n n o u n c e m e n t  

d a y s  a r e  s h o w n  in  a p p e n d i x  1 .7 .3 .

1.5 Econometric analysis
T h is  s e c t i o n  e x p l a i n s  t h e  e c o n o m e t r i c  m e t h o d o l o g y  a n d  t h e  r e s u l t s .  A ll c a l c u l a t i o n s  

w e n 1 c a r r i e d  o u t  in  E v i e w s  a n d  M a t l a b .  S e c t i o n  1 .5 .1  u s e s  s im p le  r e g r e s s io n  m o d e ls  

t o  e s t i m a t e  t h e  e f f e c ts  o f  m a c r o e c o n o m i c  a n n o u n c e m e n t s  a n d  t h e i r  s u r p r i s e s  o n  y ie ld  

c h a n g e s ,  d e g r e s s i o n  a n a l y s i s  te l l s  u s  h o w  t h e  m a r k e t 's  b e lie fs  a b o u t  f u t u r e  s h o r t  te r m  

i n te r e s t  r a t e s  s e t  b y  th e  c e n t r a l  b a n k  a r e  a f i e c t e d  b y  t h e  d iffe re n t k in d s  o f  a n n o u n c e 

m e n t s u r p r i s e s .  W e  firs t  u s e  a  " d u m m y "  a p p r o a c h  i n  w h ic h  w e o n l y  i n c l u d e  d u m m y
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standard deviations o f 2yr yield changes

time interval
standard deviations o f 10yr yield changes

F i g u r e  S t a n d a r d  d e v i a t i o n s  o f  y ie ld  c h a n g e s  c o n d i t i o n a l  o n  w h e t h e r  a n  a n n o t m t  

m e n t  h a s  o c c u r r e d  o r  n o t .
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v a r ia b le s  f o r  t h e  s p e c if ic  a n n o u n c e m e n t s  a s  e x o g e n o u s  r e g r e s s o r s .  A s  m e n t i o n e d  in  t h e  

i n t r o d u c t i o n ,  e c o n o m i c  t h e o r y  p r e d i c t s  t h a t  f in a n c ia l  m a r k e t s  s h o u ld  o n l y  r e s p o n d  t o  

t r u e  " n e w s " ,  t h a t  is t h e  s u r p r is e  c o m p o n e n t  o f  a n y  a n n o u n c e m e n t .  T h e  p u r e  f a c t  t h a t  

a n  a n n o u n c e m e n t  is g o i n g  t o  o c c u r  w o u ld  n o t  m a t t e r ,  i f  m a r k e t s  k n e w  e x a c t l y  w h a t  

th e  a n n o u n c e m e n t  w a s  g o in g  t o  b e . F r o m  a  t h e o r e t i c a l  p o in t  o f  v ie w  it  t h u s  s e e m s  

n e c e s s a r y  t o  e x t e n d  t h e  r e g r e s s io n  a n a ly s i s  t o  a  " s u r p r i s e "  a p p r o a c h  in  w h ic h  w e  r e g re s s  

y ie ld  c h a n g e s  o n  t h e  s u r p r i s e  c o m p o n e n t s  o f  t h e  in d i v i d u a l  a n n o u n c e m e n t s  a s  d is c u s s e d  

a b o v e . T h e  e m p i r i c a l  r e s u l t s  s t r o n g l y  s u p p o r t  t h e  r a t i o n a l  m a r k e t s  " s u r p r i s e 1' h y p o t h 

e sis : W h i l s t  n o n e  o f  t h e  a n n o u n c e m e n t  d u m m ie s  a r e  f o u n d  t o  s i g n i f i c a n t ly  a f r e e t  y ie ld  

c h a n g e s ,  q u i t e  a  few  o f  t h e  a n n o u n c e m e n t  s u r p r is e s  d o  h a v e  s ig n if ic a n t  e f f e c t s .

S e c t i o n  1 . 5 . 2  th e n  e x t e n d s  t h e  a n a ly s i s  t o  j o i n t l y  m o d e l  t h e  c o n d i t i o n a l  m e a n  a n d  

v a r i a n c e  o f  y i e l d  c h a n g e s  a s  f u n c t i o n s  o f  a n n o u n c e m e n t  d u m m ie s  a n d  a n n o u n c e m e n t  

s u r p r is e s . T o  th i s  e n d  w e  m a k e  u s e  o f  t h e  s t a n d a r d ,  a n d  w id e ly  u s e d ,  u n i v a r i a t e  

G A H C H ( 1 ,1 )  m o d e l .  T h e  t h e o r e t i c a l  m o t i v a t i o n  fo r  m o d e l l i n g  t h e  c o n d i t i o n a l  v o l a t i l i t y  

o f  y ie ld  c h a n g e s  is t h a t  w e  n o t  o n l y  w a n t  to  s e e  h o w  t h e  m a r k e t 's  b e lie fs  a b o u t  f u tu r e  

s h o rt  t e r m  i n t e r e s t  r a t e s  c h a n g e s ,  b u t  a ls o  h o w  t h e  m a r k e t 's  u n c e r t a i n t y  a r o u n d  th e s e  

b e lie fs  c h a n g e s  w ith  t h e  a r r i v a l  o f  n e w s . W e  t a k e  t h e  v ie w  t h a t  v o l a t i l i t y  in  f in a n c ia l  

m a r k e t s  i n d i c a t e s  t o  s o m e  e x t e n d  i n c r e a s e d  u n c e r t a i n t y  a b o u t  t r u e  f u n d a m e n t a l s .  T h e  

e c o n o m e t r i c  m o t i v a t i o n  a r i s e s  f r o m  d i a g n o s t i c  c h e c k s  o f  t h e  r e s id u a ls  f ro m  t h e  r e g r e s s io n  

a n a ly s i s .  S q u a r e d  r e s id u a l s  a r e  s t r o n g l y  c o r r e l a t e d ,  t h u s  p o i n t i n g  t o w a r d s  A H C H - e f f e c t s  

in t h e  r e s i d u a l s .

1.5.1 Regression models and the conditional mean of yield 
changes

W e  b e g in  o u r  r e g r e s s io n  a n a ly s i s  w ith  a  s t a n d a r d  " d u m m y " -  r e g r e s s io n  m o d e l  in  w h ic h  

we r e g r e s s  t h e  y ie ld  c h a n g e 1 o n  l a g g e d  y ie ld  c h a n g e s  a n d  o n  a n n o u n c e m e n t  d u m m i e s  t h a t  

ta k e  t h e  v a l u e  1 if  a n  a n n o u n c e m e n t  1ms b e e n  m a d e  a n d  z e r o  o th e r w is e .  F o r m a l l y ,  w e  

w rite  t h e  m o d e l  a s :

L K M
A i ft - -  o 0 T  a / A y , - /  +  )  ^ T  *// ( I T )

/-I A=1 m-1

w h e r e  A y t is  t h e  i n t r a d a i l y  y ie l d  c h a n g e  a n d  w h e r e  d ^ t is t h e  d u m m y  v a r i a b l e  t h a t  

ta k e s  o n  t h e  v a l u e  1 if a n  a n n o u n c e m e n t  is m a d e  o f  t h e  m a c r o e c o n o m i c  s e r ie s  k  a t  t im e  / .  

a n d  ta k e s  t h e  v a lu e  z e r o  o t h e r w i s e .  T h e  a u x i l i a r y  d u m m y  v a r ia b le s  dm t c a p t u r e  t h e  fa c t  

t h a t  a t  le a s t  o n e  a n n o u n c e m e n t  h a s  o c c u r r e d  in  a  p a r t i c u l a r  in te r v a l  a n d  a l s o  t i m e  o f  t h e  

d a y  ( ‘f le e ts  i n d e p e n d e n t  f r o m  w h e t h e r  a n y  m a c r o e c o n o m i c  a n n o u n c e m e n t  h a s  o c c u r r e d .

T h e  r e s u l t s  o f  t h e  d u m m y  r e g r e s s i o n  m o d e l  ( 1 .7 )  a r e  g iv e n  in t a b l e  1. A  l a g  le n g th  

o f  o n e  w a s  c h o s e n  t o  e l i m i n a t e  a n y  a u t o c o r r e l a t i o n  in  t h e  r e s id u a l s .  T h e  k e y  re s u lt
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f r o m  t a b l e  1 is t h a t  h a r d l y  a n y  a n n o u n c e m e n t  d u m m y  is fo u n d  s i g n i f i c a n t l y  d if fe re n t  

f r o m  z e r o .  T h e  o n ly  a n n o u n c e m e n t  t h a t  is e s t i m a t e d  t o  h a v e  a  s i g n i f i c a n t  e ffe c t  o n  

y ie l d  c h a n g e s  -  i r r e s p e c t i v e  o f  w h e t h e r  it d id  a c t u a l l y  s u r p r is e  t h e  m a r k e t  -  is th e  U S  

e m p l o y m e n t  r e p o r t  a n n o u n c e m e n t  w h ic h  l e a d s  t o  f a i r l y  b ig  n e g a t i v e  c h a n g e s  in  E u r o p e a n  

y ie l d s .  In  o t h e r  w o rd s , t h e  p u r e  k n o w le d g e  t h a t  t h e  B u r e a u  o f  L a b o r  S t a t i s t i c s  is g o i n g  

t o  a n n o u n c e  i ts  e m p lo y m e n t  r e p o r t  is e n o u g h  fo r  E u r o p e a n  b o n d  y i e l d s  t o  fall, t h u s  

i n d i c a t i n g  t h e  m a r k e t  e x p e c t s  lo w e r  f u t u r e  s h o r t  t e r m  in te re s t  r a t e s  in  t h e  E u r o  A r e a .  

O t h e r  t h a n  t h a t ,  w e a ls o  fin d  s y s t e m a t i c a l l y  p o s i t i v e  y ie l d  c h a n g e s  fo r  t h e  t i m e  i n t e r v a l  

d u m m y  f r o m  1 2 :0 0  t o  1 5 :0 0 ,  t h e  t i m e  w h e n  t h e  U S  m a r k e t  o p e n s ,  a g a i n  s u g g e s t i n g  

s t r o n g  d e p e n d e n c i e s  o f  t h e  E u r o p e a n  b o n d  m a r k e t  o n  t h e  U S  m a r k e t .

T h e  m a i n  c o n c lu s io n  f r o m  t h e  ’’ d u m m y ” r e g r e s s i o n  i s .  h o w e v e r , t h a t  e s s e n t i a l l y  n o n e '  

o f  t h e  m a c r o e c o n o m i c  a n n o u n c e m e n t s  is  f o u n d  t o  s i g n i f i c a n t ly  a f f e c t  y i e l d  c h a n g e 's  w h e n  

t h e y  e n t e r  a s  d u m m y  v a r ia b le 's . T h e  p u r e  f a c t  t h a t  a n  a n n o u n c e m e n t  is  g o i n g  t o  h a p p e n  

d o e s  n o t  l e a d  t o  m u c h  s y s t e m a t i c  m o v e m e n t  in  t h e  E u r o p e a n  b o n d  m a r k e t .
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T a b le  1: O LS with du m m ies 2 -year yield change 1 0 -year yield change

coefficient p -va lue coefficient f>-value

co n sta n t -0 .2 6 5 0 .7 6 6 -0 .0 3 8 0 ,5 7 0

lag  1 - 0 .1 3 2 0 .0 0 0 - 0 .0 3 2 0 .0 2 4

E C I L d 0 .6 6 3 0 .2 7 0 0 .4 1 9 0 .3 1 7

F i :n _ d -0 .2 9 9 0 .C 839 0 .2 5 5 0.611

E U  R M  3-d 0 .1 0 3 0 .8 7 7 0 .1 1 5 0 .7 6 9

E lJH G D P .d -0 .5 6 4 0 .6 3 8 -0 .3 0 0 0 .7 3 7

E U R I P .d -0 .3 1 0 0 .6 6 4 0 .1 6 5 0 .7 7 7

E U R H IC ’p j J 0 .2 4 2 0 .7 2 2 0 .4 7 2 0 .3 5 2

E lJR IM C P F L A S IL d -0 .5 2 5 0 .5 6 5 0 .2 1 6 0 .751

E U IU JN E _d -0 .1 5 2 0 .8 3 0 0 .2 9 3 0 ,5 7 9

D E C P I .d 0 .5 5 9 0 .4 2 3 0 .3 1 6 0 ,5 0 5

D E IF O .d 0 .4 0 5 0 .5 3 0 0 ,1 0 5 0 ,1 0 0

D E G D P -d -0 .0 0 7 0 .0 9 4 0.751 0 .2 1 7

D E I P .d -0 .3 1 9 0 .6 0 0 0 .0 5 5 0.911

D E E N E j I -0 .051 0 .941 0.351 0 ,1 8 7

U S E M P .d - 1 .1 7 5 0 .0 7 6 -0 .8 0 0 0 .1 0 5

U S G D P .d 0 .0 0 9 0 .991 0.651 0 .2 7 3

U S IP .d -0 .1 8 2 0 .7 9 2 0 .3 9 5 0 .4 1 3

U S C P L d 0 .3 1 5 0 .5 8 9 0 .4 9 6 0 .2 9 7

A nnouncem ent D um m y -0 .0 2 4 0 .9 6 6 -0 .4 2 8 0 .301

D um m y _2 1 .9 -0 .1 0 5 0 .4 2 5 0 .1 5 6 0 .1 1 2

D um m y_9_12 -0 .0 9 9 0 .4 3 6 0 .0 1 6 0 .6 2 8

D um m y_12_15 0 .2 5 7 0 .0 5 4 0 .1 4 2 0 .1 5 2

R iim m y_15_lK -0 .0 2 2 0 .8 6 0 -0 .0 1 2 0 .901

1 {-sq u ared 0 .0 2 3 0 .0 0 6

F -s ta t is t ic 5 .1 0 5 1.285

[év alu e  (F -s ta tis tic ) 0 .0 0 0 0 .1 0 4

N ote 1: Yield changes are  m easured  in basis points.

N ote 2 ; Definitions of variab les in appendix 1 .7 .1 .
N ote .‘i: N um bers in bold in d icate  significance a t the 10 percent level.

A s  m e n t i o n e d  a b o v e ,  e c o n o m i c  t h e o r y  o n ly  p r e d i c t s  t h a t  ’’ s u r p r i s e s "  s h o u ld  m a t t e r  

t o  f in a n c ia l  m a r k e t s .  T h u s ,  e v e n  if  w e  d o  n o t f in d  a n y  e v i d e n c e  fo r  p u r e  a n n o u n c e m e n t  

e f f e c ts ,  w e c a n  n o t  c o n c l u d e  t h a t  m a c r o e c o n o m i c  a n n o u n c e m e n t s  d o  n o t  m a t t e r  in  g e n 

e ra l  f o r  th e  E u r o p e a n  b o n d  m a r k e t .  I n s t e a d  w e  s h o u ld  s t u d y  h o w  t h e  b o n d  m a r k e t  

r e a c t s  t o  th e  a r r i v a l  o f  n e w s , o r  p u t  d if f e r e n tly , s u r p r i s e s .  W e  th u s  s p e c if y  t h e  fo llo w in g  

" s u r p r i s e s "  r e g r e s s i o n s  m o d e l :

L k M
A y ,  =  n 0 - f  ] P o / A y , _ /  T  +  Ut (1 -S )

Ul k~ 1 m = l

w h e r e  S(, t is  t h e  s t a n d a r d i z e d  s u r p r i s e  o f  t h e  m a c r o e c o n o m i c  s e r ie s  k a t  t i m e  t a n d  

w h e r e  dm t a r e  d u m m y  v a r i a b l e s  a s  d is c u s s e d  a b o v e .  T h e  p a r a m e t e r s  o f  i n t e r e s t  a r e  th e  

/ V s .  m e a s u r i n g  t h e  r e s p o n s e  o f  t h e  y ie ld  t o  n e w s .
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T a b l e  2  s h o w s  t h e  r e s u l t s ,  a g a i n  u s in g  a  l a g  l e n g t h  o f  o n e . C o n t r a r y  t o  t h e  a b o v e  

f in d in g s ,  q u i t e  a  fe w  o f  t h e  a n n o u n c e m e n t  s u r p r i s e s  a r e  fo u n d  t o  b e  s i g n i f i c a n t ly  d i f f e r e n t  

f r o m  z e r o .  In  p a r t i c u l a r ,  i n t e r e s t  r a t e  d e c i s i o n s  b y  b o t h ,  t h e  E C 'B  a n d  t h e  F e d . h a v e  

s t r o n g  e f f e c t s  o n  2 - y e a r  y ie ld  c h a n g e s  o f  E u r o p e a n  g o v e r n m e n t  b o n d s .  A n  i n c r e a s e  

in  t h e  E C B  t a r g e t  r a t e  o f  1 0 0  b a s i s  p o i n ts  lo a d s  t o  a n  i n c r e a s e  in 2 - y e a r  y ie ld s  o f

1 5 . 9  b a s i s  ¡ j o i n t s .  E q u a l l y ,  a n  i n c r e a s e  in  t h e  F e d f u n d s  t a r g e t  r a t e  o f  1 0 0  b a s is  ¡ j o i n t s  

l e a d s  t o  a n  i n c r e a s e  in  2 - y e a r  y i e l d s  o f  7A b a s i s  ¡ j o i n t s .  T h e  o t h e r  c o e f f i c i e n t  e s t i m a t e s  

c a n  b e  i n t e r p r e t e d  in  a  s i m i l a r  w a y . I n t e r e s t in g ly ,  w i t h  t h e  e x c e p t i o n  o f  t h e  G e r m a n  

u n e m p l o y m e n t  r a t e ,  a ll s i g n i f i c a n t  r e g r e s s o r s  e n t e r  w i t h  t h e  r ig h t  s ig n .  i .e .  o p t i m i s t i c  

n e w s  a b o u t  t h e  f u t u r e  g r o w t h  p a t h  o f  t h e  e c o n o m y  l e a d  t o  y ie ld  i n c r e a s e s ,  a n d  p e s s i m i s t i c  

n e w s  t o  y i e l d  d e c r e a s e s .

T h i s  c a n  b e  e x p l a i n e d  b y  a  t h e  s i m p l e  m o d e l  o f  t h e  e x p e c t a t i o n s  h y p o t h e s i s  o f  .s e c t i o n  

1 . T  T h e  l o n g  y ie ld  is a  w e i g h t e d  a v e r a g e  o f  t h e  e x p e c t e d  f u tu r e  s h o r t  r a t e s .  I f  m a r k e t  

p a r t i c i p a n t s  a r e  s u r p r i s e d  b y  o p t i m i s t i c  v ie w s  a b o u t  t h e  f u tu r e  p a t h  o f  t h e  e c o n o m y , it  

s e e m s  l ik e ly  t h a t  th e y  r e v is e  t h e i r  e x p e c t a t i o n s  a b o u t  f u t u r e  s h o r t  t e r m  i n te r e s t  r a t e s  

s e t  b y  t h e  c e n t r a l  b a n k  u p w a r d s .  T h i s  w ill l e a d  t o  h ig h e r  lo n g  t e r m  y ie ld s  a n d  t h e r e f o r e  

a  p o s i t i v e  y ie l d  c h a n g e .  B y  o b s e r v i n g  t h e  m a r k e t 's  r e a c t i o n  to  n e w s , t h e  c e n t r a l  b a n k  

c a n  t h u s  l e a r n  a b o u t  t h e  i m p o r t a n c e  t h e  m a r k e t  a t t a c h e s  t o  th e  v a r io u s  i n d i c a t o r s  a b o u t  

t h e  f u t u r e  g r o w t h  p r o s p e c t s  o f  t h e  e c o n o m y . B e c a u s e  t h e  m a r k e t  w ill, h o w e v e r ,  t r y  t o  

b e s t  f o r e c a s t  t h e  p a th  o f  f u t u r e  s h o r t  t e r m  p o l i c y  r a t e s ,  t h e  c e n t r a l  h a n k  c a n  a c t u a l l y  

i n f e r  f r o m  t h e  m a r k e t 's  r e s p o n s e  t o  t h e s e  n e w s  h o w  m u c h  w e ig h t t h e  m a r k e t  b e l i e v e s  

t h e  c e n t r a l  b a n k  a t t a c h e s  t o  t h e  v a r i o u s  e c o n o m i c  i n d i c a t o r s .  T h u s ,  t h e  c e n t r a l  b a n k  

( 'a n  l e a r n  a b o u t  t h e  m a r k e t ’s p e r c e p t i o n  o f  i t s  o w n  r e a c t i o n  f u n c t io n .

In  p a r t i c u l a r ,  w e  fin d  t h a t  f o r  t h e  2 - y e a r  y i e l d  c h a n g e ,  s u r p r is e s  in t h e  Ifo  i n d e x  a r e  

f o u n d  t o  h a v e  t h e  b ig g e s t  i m p a c t ,  w h i l s t  fo r  t h e  1 0 - y e a r  y ie ld  c h a n g e ,  s u r p r i s e s  in  t h e  l TS  

e m p l o y m e n t  r a t e  a n d  t h e  U S  i n d u s t r i a l  p r o d u c t i o n  i n d e x  a r c  fo u n d  t o  h a v e  r o u g h ly  t h e  

s a m e  e f f e c t  a s  s u r p r i s e s  in  t h e  I f o  i n d e x .  I n t e r e s t i n g l y ,  s u rp rin t 's  in  a ll  U S  a n n o u n c e m e n t s  

h a v e  s t r o n g  a n d  s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c ts  o n  t h e  E u r o p e a n  b o n d  m a r k e t ,  r e f l e c t i n g  

b o t h  t h e  h ig h  d e g r e e  o f  i n t e g r a t i o n  o f  w o rld  f i n a n c i a l  m a r k e t s  a n d  t h e  i m p o r t a n c e  o f  

U S  f u t u r e  e c o n o m i c  p r o s p e c t s  f o r  s h o r t  t e r m  p o l i c y  r a t e s  in th e  E u r o  A r e a .  'Flit* t i m e  

d u m m y  f o r  t h e  in te r v a l  f r o m  1 2 : 0 0  t o  1 5 :0 0  is  a l s o  e s t i m a t e d  s i g n i f i c a n t ly  f o r  t h e  2 - y e a r  

y i e l d  c h a n g e .  I t is  e x a c t l y  t h a t  t i m e  w h e n  U S  f i n a n c i a l  m a r k e t s  o p e n .

G e n e r a l l y ,  t h e  r e s p o n s e  o f  t h e  2 - y e a r  y ie ld  is  l a r g e r  t h a n  th e  r e s p o n s e  o f  t h e  1 0 - y e a r  

y i e l d ,  t h u s  in  lin e  w ith  t h e  e c o n o m i c  m o d e l  p r e s e n t e d  a b o v e .  F in a l ly ,  t h o  l i2 is v e ry  l o w  

i n  b o t h  r e g r e s s i o n s .  T h o u g h  t h i s  is  f a ir ly  t y p i c a l  in  t h e s e  ’’ n e w s ’’ r e g r e s s i o n s ,  it is  n o t  

q u i t e  c l e a r  w h y  t h i s  is t h e  e a s e .  I n c l u d i n g  m o r e  l a g s  o f  t h e  e n d o g e n o u s  v a r i a b l e  d o e s  n o t  

i n c r e a s e  t h e  R 2 v e r y  m u c h  e i t h e r .  R i g o b o n  a n d  S a c k  ( 2 0 0 0 )  a r g u e  t h a t  it l ia s  t o  d o  w i t h  

t h e  f a c t  t h a t  n e w s  a r e  d if f ic u l t  t o  m e a s u r e  a n d  in  f a c t  r a t h e r  n o i s y  u s i n g  t h e  a p p r o a c h  

a d o p t e d  in  t h i s  p a p e r .  T h e  d i s c r e t e  n a t u r e  o f  t h e  n e w s  v a r ia b le s  in  t h i s  a p p r o a c h ,  a n d  

i n  p a r t i c u l a r ,  t h e  f a c t  t h a t  fo r  e a c h  a n n o u n c e m e n t  s e r ie s  th e r e  a r e  o n ly  a  fe w  s u r p r i s e s  

d o e s ,  h o w e v e r ,  m a k e  it a p p e a r  q u i t e  p la u s ib le  t h a t  t h e  R 2 is e s t i m a t e d  t o  b e  v e ry  s m a l l  

i n d e e d .

TiW’jmwiW'1.: ■■■hhmh.iiii 1—
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Table 2 : O LS w ith surprises 2-year yield change 10-year yield change

cc »efficient [»-value coefficient p-value
co n stan t -0 .0 3 2 0 .7 1 0  ^ -0 .0 4 0 0 .5 4 3
lag 1 - 0 .1 3 3 0 .0 0 0 - 0 .0 3 0 0 .0 3 4
E C B js 0 .1 5 9 0 .0 0 0 -0 .0 2 0 0 .4 9 2
F E D js 0 .0 7 4 0 .0 5 7 0 .0 0 3 0 .9 1 2
EU U M 3-S 0 .1 1 8 0 .0 0 3 0 .0 1 5 0 .1 1 8
E F R G D P js 0.031 0 .3 7 7 0 .0 5 3 0 .0 G 7
E E R I I L s 0,051 0 .1 8 9 0 .0 1 5 0 .6 0 2
F F R H I C P -s 0 .0 0 7 0 .8 5 9 -0 .0 0 3 0 .9 1 0
E U R H IC P F L A S IL s 0 .0 0 8 0 .8 3 8 -0 .0 0 3 0 .9 2 2
L t ’ R U N E -s -0 .0 1 0 0 .8 0 5 0 .0 0 8 0 .7 6 9
D E C P I_s -0 .0 2 2 0 .5 7 3 -0 .0 1 4 0 .6 2 5

D K IFO -s 0 .1 9 3 0 .0 0 0 0 .1 0 4 0 .0 0 0

D K G D P_s 0 .0 4 6 0 .2 3 5 0 .0 2 0 0 .4 9 9
R K IP ji 0 .0 2 5 0 .5 2 9 0 .0 2 3 0 .1 2 9

D E I IN E  js 0 .0 1 0 0 .8 0 6 0 .0 G 7 0 .0 2 2
E S E M P _ s 0 .1 5 0 0 .0 0 0 0 .1 1 1 0 .0 0 0

i : s g d p _s 0 .0 8 3 0 .0 3 2 0 .0 5 3 0 .0 G 8
l TSIP_s 0 .0 7 2 0 .0 0 4 0 .1 0 2 0 .0 0 0

U S C P I_s 0 .0 8 4 0 .0 3 1 0 .0 7 9 0 .0 0 7

A nnouncem ent clmnniv 0.033 0.801 -0 .1 1 2 0 ,2 5 3

D m n m y _2L 9 -0.091 0 .4 7 0 0 .1 7 2 0 .0 G 7

Dummy_i)_12 -0.0G3 0.600 0 .051 0 .5 7 6

D um m y_12_15 0 .2 3 9 0 .0 5 7 0 .1 2 1 0 .1 9 8

D um m y_15_18 -0 .0 2 7 0 .8 2 6 -0 .0 0 6 0 .9 5 0

R-scjuared 0 .0 3 0 0 .0 1 5

F -s ta tis tie 8 .1 1 7 3 .2 9 0

¡»-value 0 .0 0 0 0 .0 0 0

N ote 1: Yield ch an ges a re  m easured in basis poinls 
N ote 2 : Definitions of variables in appendix 1.7.1.

N ote 3 : N um bers in bold in d icate  significance a t  the 10 percent level.

T h e  la g  l e n g t h  w a s  c h o s e n  b a s e d  o n  a  m i x t u r e  o f  i n f o r m a t i o n  c r i t e r i o n  c o n s i d e r a t i o n s ,  

a u t o c o r r e l a t i o n  p r o p e r t i e s  o f  t h e  r e s id u a l s  a n d  p a r s i m o n y . O t h e r  la g g e d  d e p e n d e n t  

v a r ia b l e s  w o re  fo u n d  t o  b e  b o t h ,  in s ig n if ic a n t  a n d  n o t  c h a n g in g  t h e  r e s u l t s .  T h o u g h  

t h e  r e s id u a l s  o f  t h e  m o d e ls  a r e  n o t  a u t o e o r r e l a t e d .  f u r t h e r  d i a g n o s t i c  t e s t s  i n d i c a t e d  

t h a t  s t r o n g  A R C H  e f f e c ts  e x i s t .  A p p e n d i x  1 .7 .5  ( t a b l e  5 . 1 )  s h o w s  d e t a i l e d  r e s u l t s  o f  th e  

Q - t e s t  a n d  t h e  L M - t e s t  f o r  A R C I I  e f f e c ts  in  t h e  r e s id u a ls .

T h e  p -v a l u e  o f  t h e  Q - s t a t i s t i c  f o r  s q u a r e d  r e s id u a l s  o f  t h e  2 - y e a r  y ie ld  m o d e l  is  z e ro  

fo r  a l l  la g s  f r o m  1 t o  3 0 .  T h e  L M - t e s t  g iv e s  t h e  s a m e  r e s u l t .  F o r  t h e  m o d e l  o f  th e  

1 0 - y e a r  y ie ld  c h a n g e ,  o n ly  t h e  p -v a l u o s  o f  t h e - Q - s t a t i s t i c  a n d  t h e  L M - s t a t i s t i c  fo r  th e  

firs t  l a g  is n o n z e r o .  A ll o t h e r  t e s t s  i n d i c a t e  s t r o n g  A R C H  e f f e c ts .  F u r t h e r m o r e ,  b o t h  

r e s id u a l  s e r ie s  art* h ig h ly  n o n - n o r m a l .

T h e  n e x t  s e c t i o n  s e ts  u p  a  C J A R C I I  m o d e ll in g  f r a m e w o r k  t o  p r o p e r ly  m o d e l  th e s e  

f e a tu re 's  o f  t h e  d a t a  a n d  t o  o b t a i n  e s t i m a t e s  o f  t h e  i m p a r t  o f  n e w s  o n  t h e  c o n d i t i o n a l  

v o l a t i l i t y  o f  t h e  y ie l d  c h a n g e s .

mm
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1.5.2 GARCH models and the conditional variance of yield 
changes

It s e e m s  q u i t e  n a t u r a l  t o  b e l ie v e  t h a t  m a c r o e c o n o m i c  n e w s  n o t o n l y  l e a d  t o  s y s t e m a t i c  

c h a n g e s  in  t h e  le v e l  o f  y i e l d s ,  h u t  t h a t  t h e y  a l s o  a f f e c t  y ie l d  c h a n g e  v o l a t i l i t y .  A n n o u n c e 

m e n t s  m i g h t  i n c r e a s e  v o l a t i l i t y  b e c a u s e  o f  t h e  i n c r e a s e d  u n c e r t a i n t y  a r o u n d  t h e  t i m e  o f  

t h e  a n n o u n c e m e n t  a n d  t h e  s u b s e q u e n t  r e a l i z a t i o n  o f  t h e  n e w s . H u t it a l s o  c o n c e i v a b l e  

t h a t  t h e y  r e d u c e  v o l a t i l i t y  b e c a u s e  o f  a  c l a r i f y i n g  e f f e c t  o f  th e  n e w s . M a r k e t  p a r t i c i 

p a n t s '  u n c e r t a i n t y  a b o u t  t h e  f u n d a m e n t a l  y ie l d  m i g h t  th e r e f o r e  c i t h e r  r i s e  o r  fall w i t h  

a  n e w s  a n n o u n c e m e n t .  F o r  t h i s  r e a s o n  a n d  b e c a u s e  o f  t h e  a b o v e  d i a g n o s t i c  f in d in g  o f  

A R C H - e f f e c t s  in  t h e  r e s i d u a l s ,  w e  n o w  u se  G A R C I I  m o d e l s  to  e x p l a i n  y i e l d  c h a n g e s .

T h e  fo llo w in g  tw o  s u b s e c t i o n s  a p p l y  t h e  s t a n d a r d  a n d  v e ry  w id e ly  u s e d  G A R C H ( U l )  

m o d e l  o f  B o l l e r s l e v  ( 1 0 8 0 )  t o  o u r  E u r o p e a n  y ie l d  c h a n g e  s e r ie s  a n d  e x t e n d  t h e m  b y  i n 

c l u d i n g  d u m m y  v a r ia b le s  a n d  s u r p r i s e  r e g r e s s o r s  t o  c a p t u r e  t h e  e f fe c t  o f  n e w s  in  b o t h  

t h e  c o n d i t i o n a l  m e a n  a n d  v a r i a n c e  e q u a t i o n s .  W e  k e e p  t h e  c o n d i t i o n a l  m e a n  e q u a t i o n  

u n c h a n g e d  a n d  m o d ify  t h e  e q u a t i o n  fo r  t h e  c o n d i t i o n a l  v a r ia n c e .  In  t h e  fo llo w in g  s u b 

s e c t i o n  w e  u s e  a n  a n n o u n c e m e n t  d u m m y  v a r i a b l e  in  a n  a p p r o a c h  s i m i l a r  t o  t h e  a b o v e  

" d u m m y ” r e g r e s s io n  m o d e l  a n d  c o m p a r e  o u r  r e s u l t s  t o  t h o s e  o f  .Jo n e s  e t  a l  ( 1 9 9 8 )  w h o  

u s e  d a i l y  d a t a  f o r  t h e  U S . T h e  s u b s e q u e n t  s u b s e c t i o n  t h e n  u s e s  o u r  m e a s u r e s  o f  s u r p r i s e s  

t o  s e e  h o w  t r u e  s u r p r is e s  a f f e c t  c o n d i t i o n a l  v o l a t i l i t y  in  E u r o p e a n  b o n d  m a r k e t s .

The GARCH ’Mead-lag dummy” model

T h e  G A R C H  ( 1 . 1 )  " l e a d - l a g  d u m m y "  m o d e l  c o n s i s t s  o f  e q u a t i o n s  ( 1 . 9 )  t o  ( 1 . 1 1 ) .  E q u a 

t io n  ( 1 .9 )  is  s i m i l a r  t o  e q u a t i o n  ( 1 . 8 ) .  i .c .  t h e  c o n d i t i o n a l  m e a n  is  m o d e l l e d  a s  a  l i n e a r  

r e g r e s s io n  c o n t a i n i n g  l a g g e d  d e p e n d e n t  v a r i a b l e s  a n d  s u r p r i s e  r e g r e s s o r s  a s  w ell a s  d u m 

m i e s .  T h e  d i s t u r b a n c e  is  a s s u m e d  t o  h e  n o r m a l l y  d i s t r i b u t e d  w ith  z e r o  m e a n  a n d  c o n d i 

t i o n a l  v a r i a n c e  e q u a l  t o  a f  ( e q u a t i o n  ( 1 . 1 0 ) ) .  W o  m o d e l  t h e  c o n d i t i o n a l  v a r i a n c e  a s  a n  

e x t e n d e d  G A R C I I  ( 1 ,1 )  p r o c e s s  ( e q u a t i o n  ( 1 . 1 1 ) ) .  I n  p a r t i c u l a r ,  t o  s t u d y  t h e  d y n a m i c  

r e s p o n s e  p a t t e r n  o f  y ie ld  c h a n g e  v o l a t i l i t y  w e  a l s o  i n c l u d e  la g g e d  a n d  l e a d  s e r ie s  o f  a n  

a n n o u n c e m e n t  d u m m y  v a r i a b l e  in  a d d i t i o n  t o  t h e  s t a n d a r d  A R C H  ( a j ? _ ,)  a n d  G A R C I I  

( o f _ , )  t e r m s .  T h e  a n n o u n c e m e n t  d u m m y . d , ,  t a k e s  o n  t h e  v a lu e  1 if  a n y  a n n o u n c e m e n t  

w a s  m a d e  d u r i n g  a n  i n t e r v a l  a n d  z e r o  o t h e r w i s e .  W e  c a n  f o r m a l ly  w r i t e  t h e  G A R C I I  

’’ l e a d - l a g  d u m m y ” m o d e l  a s :

L K  AI _
Ay, = Qo + y^o/Ay,_/ ^  + u,

l= 1 k= 1 m= 1

Ut |Q,_i ~  iY(0. of)
2 At

a\ = ¿0 + ^  ^  ¿mdm,t
J--2 ”* = 1

R e s u l t s  o f  t h e  G A R C H  " l e a d - l a d  d u m m y “ m o d e l  a r e  sh o w n  in  t a b l e s  T 1  a n d  T 2  r e 

s p e c t i v e l y .  T h e  r e s u l t s  f o r  t h e  c o n d i t i o n a l  m e a n  e q u a t i o n  a r e  p r e t t y  s i m i l a r  t o  t h o s e  f o r

(1.9)

( U 0 )

( Ml )
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th e  " s u r p r i s e "  r e g r e s s io n  m o d e l  a b o v e  w it h  s o m e  m i n o r  e x c e p t i o n s .  F o r  t h e  2 - y e a r  y ie ld  

c h a n g e  th e s e  a r e :  T h e  F e d f u n d s  r a t e  s u r p r i s e  c e a s e s  t o  b e  s i g n i f i c a n t ,  i n s t e a d  t h e  F la s h  

e s t i m a t e  o f  t h e  E u r o  A r e a  I I I C P  i n d e x  is h ig h ly  s i g n i f i c a n t ,  b u t e n t e r s  w it h  a  n e g a t i v e  

s ig n . T h i s  is s o m e w h a t  t r o u b l i n g  b e c a u s e  t h e  p a r a m e t e r  is  p r e c is e ly  e s t i m a t e d  a n d  it is 

c o u n t e r i n t u i t i v e  t h a t  a  h ig h e r  t h a n  e x p e c t  in f la t io n  r a t e  s h o u ld  r e d u c e  l o n g - t e r m  b o n d  

y ie ld s . H ig h e r  t h a n  e x p e c t e d  i n f la t io n  r a t e s  s h o u ld  r e v i s e  m a r k e t 's  f o r e c a s t s  f o r  f u tu r e  

s h o r t - t e r m  p o l i c y  r a t e s  u p w a r d s ,  t h u s  g iv e n  t h e  t e r m - s t r u c t u r e  e q u a t i o n  ( e q u a t i o n  ( 1 .3 ) )  

w e w o u ld  e x p e c t  a n  i n c r e a s e  in  l o n g e r  t e r m  y ie ld s  t o o .  T h i s  s e e m s  n o t  t o  h a v e  b e e n  th e  

c a s e  f o r  t h e  E u r o  A r e a  in  t h e  s a m p l e  p e r i o d  s t u d ie d .  F i n a l l y ,  U S  i n d u s t r i a l  p r o d u c t i o n  

fig u re s  a r e  n o t e s t i m a t e d  s i g n i f i c a n t l y  d if fe re n t  f r o m  z e r o .  F o r  th e  1 0 - y e a r  y i e l d  c h a n g e  

th e  e x c e p t i o n s  a r e :  E u r o  A r e a  G D P  s u r p r i s e s  c e a s e  t o  b e  s ig n i f i c a n t ,  G e r m a n  u n e m 

p lo y m e n t  c e a s e s  t o  b e  s i g n i f i c a n t ,  b u t  it e n t e r e d  w ith  t h e  w ro n g  s ig n  in  t h e  " s u r p r i s e "  

r e g r e s s io n  m o d e l .  A n d  f in a lly , s u r p r i s e s  o f  t h e  I fo  in d e x  a n d  a lm o s t  a ll  U S  s u r p r i s e s  a r e  

a g a in  fo u n d  t o  s ig n if ic a n t ly  i m p a c t  o n  t h e  y ie ld  c h a n g e s  o f  E u r o p e a n  b o n d s .

Table 3 .1 : C A R C H (1 ,1 )  w ith  

” lead-lag” dum m ies

2 -year yield change 10-year yield change

conditional mmn equation coefficient jv* value coefficient f>- value

co n stan t -0 .0 1 9 0 .7 7 1 -0 ,023 0 .511

lag 1 - 0 .1 5 1 0 . 0 0 0 -0 .0 1 0 0 .2 0 7

H C IEs 0 .1 7 4 0 . 0 0 0 -0 .022 0.351

F K D jt 0 .004 0 .5 1 0 0.001 0.981

F U R M 3_s 0 .1 0 1 0 .0 3 1 0 .044 0 .1 8 2

K U R (iI )P -s 0 .0 5 9 0 .3 1 8 0 .0 5 3 0 .4 8 8

F IJK llN s 0.0-13 0 .7 0 0 0 .0 1 6 0 .7 9 7

E U K lIIC IA s -0 .0 0 3 0 .9 5 8 -0 .0 0 7 0 .8 8 7

E U H lIIC T F L A S IL s - 0 .1 3 9 0 . 0 0 0 -0.1X15 0 .9 5 2

EU H U N TEs -0 .0 1 1 0 .0 7 2 -0 .008 0 .7 3 0

D IX ’PD s -0 .0 1 9 0 .0 1 5 -0 .0 1 2 0 .7 2 0
D F IF O js 0 .1 8 G 0 . 0 0 0 0 .1 0 7 0 .0 0 0

D E G I)P _ s 0 .0 1 3 0 .7 4 8 0.021 0 .8 0 3

D KUYs 0 .0 2 8 0 .7 0 3 0 .020 0 .5 3 0

DKlJNTEs -0 .0 0 9 0 .8 1 5 0 .002 0.211

US EM  I As 0 .1 3 7 0 . 0 0 0 0 .1 1 7 0 .0 0 1

U S G D I’-s 0 .0 9 1 0 .0 1 1 0 .0 5 3 0 .0 9 2

U S IP ji 0 .0 7 2 0 .3 0 3 0 .1 0 4 0 .0 1 9

U S C T E s 0 .0 9 8 0 . 0 0 0 0 .0 7 8 0 .0 0 0

A nnouncem ent d u m m y -0 .0 1 9 0 .7 1 5 -0 .105 0 .3 4 7

D um m y_212) -0 .0 8 3 0 .4  10 0.131 0 .1 1 5

D um m y 2>_12 -0 .0 7 7 0 .451 0.031 0 .0 4 7

D um m y_12_15 0 .2 0 1 0 .0 5 4 0 .105 0 .1 0 9
D um m v_15_lS - 0 .3 0 5 0 .0 0 4 -0 .052 0.501

N ote 1: Yield changes are  m easured  in basis points  

N ote 2: Definitions of variab les in appendix 1 .7 .4 .

N ote 3: N um bers in bold in d icate  significance at th e  10 percent level.

T u r n i n g  n o w  t o  t h e  c o n d i t i o n a l  v a r i a n c e  e q u a t i o n  w e  f in d  t h e  fo llo w in g  r e s u l t s :  T h e

IlflJUIJUIJIfljllliJHl 75
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c o n s t a n t ,  t h e  A R C H  a n d  t h e  G A R C H  t e r m s  a ll e n t e r  w ith  h ig h  le v e ls  o f  s i g n i f i c a n c e .  

M o s t  o f  t h e  d u m m y  v a r ia b l e s  s i g n i f i c a n t l y  a f fe c t  t h e  c o n d i t i o n a l  v o l a t i l i t y  o f  y ie ld  c h a n g e  

s h o c k s .  W e  a l s o  fin d  s t r o n g  t i m e  e f f e c t s .  W h e n  w e c o n d i t i o n  o n  a n n o u n c e m e n t s ,  c o n d i 

t i o n a l  v o l a t i l i t y  is h ig h e s t  in  t h e  l a t e  a f t e r n o o n  p e r i o d  f ro m  1 5 :0 0  t o  1 8 :0 0  a n d  o v e r n i g h t  

f r o m  2 1 : 0 0  t o  9 : 0 0  th o u g h  t h e  l a t t e r  is p r e s u m a b l y  a  r e s u l t  o f  t h e  m u c h  l o n g e r  le n g th  o f  

t h a t  i n t e r v a l .  T u r n i n g  t o  t h e  a n n o u n c e m e n t  d u m m y  v a r ia b le ,  w h ic h  c a p t u r e s  a n y  a n 

n o u n c e m e n t .  n o  m a t t e r  w h a t  m a c r o e c o n o m i c  s e r i e s ,  n o r  w h e th e r  t h e  m a r k e t  w a s  t r u l y  

s u r p r i s e d ,  w e  a g a i n  fin d  s t r o n g  p o s i t i v e  e f f e c ts  o n  c o n d i t i o n a l  v o l a t i l i t y  d u r i n g  t h e  i n 

t e r v a l  w h e n  t h e  a n n o u n c e m e n t  t a k e s  p la c e .  V o l a t i l i t y  o f  t h e  2 - y e a r  y ie ld  c h a n g e  s h o c k  

t h e n  fa l ls  q u ic k ly  s u b s e q u e n t ly ,  h i l t  r e m a i n s  s i g n i f i c a n t l y  h ig h e r  f o r  t h e  1 0 - y e a r  y i e l d  

c h a n g e  s h o c k .  W e  fin d  s o m e  e v id e n c e *  o f  t h e  “’ c a l m  b e f o r e  the* s t o r m "  e f fe c t  o f  J o n e s  

e t  a l  ( 1 9 9 8 )  w i t h  t h e  2 - y e a r  y i e l d  v o l a t i l i t y  b e in g  s ig n i f i c a n t ly  r e d u c e d  t w o  i n t e r v a l s ,  

i .e .  b e tw e t 'i i  t h r e e  t o  s i x  h o u r s  b e f o r e  t h e  a n n o u n c e m e n t .  T h i s  e ffe c t  d o e s ,  h o w e v e r ,  

d i s a p p e a r  in  t h e  in te r v a l  i m m e d i a t e l y  p r e c e d i n g  t h e  a n n o u n c e m e n t  i n t e r v a l .  I n t e r e s t 

in g ly . t h o u g h  t h e  t im e  e f f e c t s  o n  c o n d i t i o n a l  v o l a t i l i t y  a r e  o f  r a t h e r  s i m i l a r  m a g n i t u d e  

fo r  b o t h  y i e l d  c h a n g e  s e r ie s ,  t h e  a n n o u n c e m e n t  e f f e c t  is  m u c h  s t r o n g e r  f o r  t I k * 2 - v e a r  

s e r ie s .  In p a r t i c u l a r ,  t h e  m a r k e d  p a t t e r n  f o u n d  in  J o n e s  e t  al ( 1 9 9 8 )  o f  r e d u c e d  v o l a t i l i t y  

j u s t  b e f o r e  t h e  a n n o u n c e m e n t ,  t h e  r i s e  in  v o l a t i l i t y  d u r i n g  th e  a n n o u n c e m e n t  p e r i o d ,  

a n d  t h e  s u b s e q u e n t  q u ic k  fa ll  in  v o l a t i l i t y  c a n  o n ly  lx* fo u n d  fo r t h e  2 - y e a r  y ie ld  c h a n g e  

s e r ie s .  T h o u g h  w e c a n  p a r t i a l l y  r e p l i c a t e  t h e  f in d in g s  o f  J o n e s  e t  a l ( 1 9 9 8 )  w e s h o u l d  

k e e p  in  m i n d  t h a t  o u r  s t u d y  d if fe rs  in  a t  l e a s t  t h r e e  d im e n s i o n s :  W e  u s e  E u r o p e a n  y i e l d  

d a t a ,  w e  m a k e  u s e  o f  l o w - i n t r a - d a i l y  f r e q u e n c y  d a t a ,  a n d  w e i n c l u d e  a  m u c h  l a r g e r  s e t  

o f  a n n o u n c e m e n t s .  F i n a l l y ,  o u r  r e s u l t s  a r e  in  lin e  w i t h  t h e  r e s u l t s  of A n d e r s s o n  e t a l  

(2 0 0 (> )  w h i c h  u s e  h i g h e r - f r e q u e n c y  d a t a  o n  G e r m a n  b o n d  f u tu r e s  a n d  a  l a r g e r  se t of a n 

n o u n c e m e n t s .  H o w e v e r , t h e y  o n l y  c o n s i d e r  d u m m y  v a r i a b l e s  in t h e  c o n d i t i o n a l  v a r i a n c e  

e q u a t i o n s .  W e  n e x t  e x t e n d  t h e i r  a n a l y s i s  t o  i n c l u d e  m e a s u r e s  o f  t r u e  s u r p r i s e s .  I h i s  

w ill b e  d i s c u s s e d  n e x t .
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T ab le  3 .2 : G A R C H (1 ,1 ) w ith

"lead -lag" dum m ies

2-year yield change 10-year yield change

conditional variance equation coefficient p-va lue coefficient p -va lue

co n sta n t 0 .9 3 6 0 . 0 0 0 - 0 .2 5 6 0 .0 0 0

A R C H 0 .2 1 9 0 . 0 0 0 0 .0 5 0 0 .0 0 0

G A R C II 0 .1 8 1 0 . 0 0 0 0 .2 1 1 0 .0 0 0

A nnouncem ent d u m m y  lead (2 ) - 1 .0 6 8 0 . 0 0 0 0 .0 4 2 O.G08

A nnouncem ent d u m m y  lead (1 ) 0 .2 2 0 0 .2 0 6 0 .0 3 9 0 .7 3 8

A nnouncem ent d u m m y 3 .4 7 0 0 . 0 0 0 0 .9 7 6 0 .0 0 0

A nnouncem ent d u m m y  lag  (1 ) - 0 .7 4 5 0 .0 2 9 0 .6 2 5 0 .0 1 1

A nnouncem ent d u m m y  lag  (2 ) - 0 .4 8 7 0 .0 1 G 0.001 0 .9 9 6

D uinm y_21_9 5 .8 0 0 0 . 0 0 0 5 .0 2 2 0 .0 0 0

D um m y_9_12 2 .6 0 1 0 . 0 0 0 2 .7 9 9 0 .0 0 0

D u m m y -1 2 .1 5 2 .3 7 7 0 . 0 0 0 2 .9 2 4 0 .0 0 0

D u m m y -1 5 .1 8 6 .8 8 5 0 . 0 0 0 4 .9 5 2 0 .0 0 0

R -sq u ared 0 .0 3 0 0 .015

F -s ta t is t ic 4 .4 7 5 2 .108

p-value 0 .0 0 0 0 .000

L o g  likelihood -1 1 9 0 4 .7 8 -1 0 4 1 6 .1 1

N ote 1: Yield ch an g es are m easu red  in basis points.

N ote 2 : Definitions o f  variab les in appendix 1 .7 .4 .

N ote 3 : Numbers in bold in d ica te  significance a t th e  10 percent level.

i l

The GARCH ’’surprise” model

H a v i n g  e s t a b l i s h e d  th e  r e s p o n s e  o f  t h e  c o n d i t i o n a l  v o l a t i l i t y  o f  y ie ld  c h a n g e  s h o c k s  t o  a  

r a t h e r  t y p i c a l  a n n o u n c e m e n t ,  w e  n o w  e x t e n d  t h e  a n a l y s i s  in  tw o  i n t e r e s t i n g  d i r e c t i o n s :  

F i r s t ,  w o  s t u d y  t h e  d if fe re n t  e f f e c t s  o f  t h e  d if fe re n t  k in d s  o f  a n n o u n c e m e n t s  a n d  s e c o n d ,  

w e  o n l y  c o n s i d e r  t r u e  s u r p r i s e s .  B y  t h e  s a m e  e c o n o m i c  a r g u m e n t  a s  a b o v e ,  e v e r y t h i n g  

t h a t  h a s  a l r e a d y  b e e n  e x p e c t e d  b y  m a r k e t  p a r t i c i p a n t s  s h o u l d  n o t  afT ect p r ic in g  b e h a v i o r ,  

t h u s  t h e  c o n d i t i o n a l  m e a n  a n d  v o l a t i l i t y  s h o u ld  b e  a  f u n c t i o n  o f  m e a s u r e s  o f  s u r p r i s e s  

o n ly , n o t  a c t u a l l y  o f  a n n o u n c e m e n t  d u m m i e s .  T h i s  s t r i c t l y  h o ld s  o n l y  if  i n v e s t o r s  a r e  

s u p p o s e d  t o  b e  r i s k - n e u t r a l ,  a s  o t h e r w i s e  c h a n g e s  in  t h e  u n c e r t a i n t y  a b o u t  n e w s  w o u ld  

m o s t  lik e ly  a l s o  a f f e c t  p r i c i n g  b e h a v i o r .  W e  m a k e  t h i s  a s s u m p ti o n  m a i n ly  b e c a u s e  o f  

t h e  u n a v a i l a b i l i t y  o f  t h e  d a t a  m e n t i o n e d  a b o v e , b u t  it  s h o u ld  b e  t e s t e d  fo r e m p i r i c a l l y .

T h e  G A R C I I  ( 1 ,1 )  *’ s u r p r i s e ” m o d e l  c o n s i s t s  o f  e q u a t i o n s  ( 1 .1 2 )  t o  ( 1 .1 4 ) .  E q u a t i o n

( 1 .1 2 )  is  t h e  s a m e  a s  e q u a t i o n s  ( 1 . 8 )  a n d  ( 1 .9 ) .  T h e  d i s t u r b a n c e  is  a g a i n  a s s u m e d  to  

b e  n o r m a l l y  d i s t r i b u t e d  w i t h  z e r o  m e a n  a n d  c o n d i t i o n a l  v a r i a n c e  e q u a l  t o  af  ( e q u a t i o n

( 1 . 1 3 )  ) .  W e  n o w  m o d e l  t h e  c o n d i t i o n a l  v a r i a n c e  a s  a  G A R C H  ( 1 ,1 )  p r o c e s s  w i t h  t h e  

s q u a r e d  s u r p r i s e  s e r ie s  a s  a d d i t i o n a l  e x o g e n o u s  v a r i a b l e s  (e q u a t i o n  ( 1 . 1 4 ) ) .  In  o t h e r  

w o r d s , t h e  s u r p r i s e  r e g r e s s o r s  n o t  o n l y  e n t e r  t h e  c o n d i t i o n a l  m e a n  e q u a t i o n ,  b u t  a ls o  

t h e  c o n d i t i o n a l  v a r ia n c e  e q u a t i o n .  W e  in c lu d e  squared v a lu e s  o f  t h e  s u r f  i r is e s , b e c a u s e  

i t  s e e m s  n a t u r a l  t o  b e lie v e  t h a t  p o s i t i v e  a n d  n e g a t i v e  s u r p r i s e s  s h o u ld  h a v e  s y m m e t r i c  

e f f e c ts  o n  t h e  c o n d i t i o n a l  v a r i a n c e .  A s s u m i n g  o t h e r w i s e  w o u ld  c o n s t r a i n  t h e m  t o  h a v e  

a s y m m e t r i c  e f f e c t s .  In  o t h e r  w o r d s  p o s i t i v e  s u r p r i s e s  w o u ld  i n c r e a s e  v o l a t i l i t y  a n d  n e g a 

t i v e  s u r p r i s e s  w o u ld  n e c e s s a r i l y  r e d u c e  v o l a t i l i t y ,  a n d  v i c e  v e r s a .  T h o u g h  t h i s  o b v i o u s l y
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is a  p o s s i b i l i t y ,  it is n o t  c l e a r  w h v  i t  s h o u ld  b e  t h e  e a s e .  I f  a n y t h i n g  i t  s e e m s  m o r e  

a p p r o p r i a t e  t o  d is t in g u is h  n e w s  a c c o r d i n g  t o  w h e t h e r  t h e y  a r e  p e r c e i v e d  a s  " g o o d "  o r  

" b a d "  n e w s ,  b u t  th is  e x t e n s i o n  is b e y o n d  t h e  s c o p e  o f  t h i s  p a p e r .

W e  f o r m a l l y  w r ite  t h e  G A R C I I  " s u r p r i s e "  m o d e l  a s :

R e s u l t s  o f  t h e  G A R C H  " s u r p r i s e "  m o d e l  a r e  s h o w n  in  t a b l e s  4 .1  a n d  4 . 2 .  T a b le  4 . 1  

is v e r y  s i m i l a r  t o  t a b i c  3 . 1 .  W i t h  t h e  e x c e p t i o n  o f  s u r p r i s e s  in  t h e  F l a s h  e s t i m a t e  o f  

t h e  E u r o  A r e a  I I I C P  a ll  v a r ia b l e s  t h a t  w e r e  f o u n d  s i g n i f i c a n t  a b o v e  a r e  a g a i n  e s t i m a t e d  

t o  s i g n i f i c a n t l y  i m p a c t  o n  t h e  c o n d i t i o n a l  y ie l d  in  t h e  G A R C I I  " s u r p r i s e "  m o d e l .  All 
s i g n i f i c a n t  e s t i m a t e s  a r e  in  lin e  w i t h  o u r  s m a l l  t e r m - s t r u c t u r e  m o d e l  t h a t  o p t i m i s t i c  

n e w s  a b o u t  t h e  f u tu r e  e c o n o m y  s h o u ld  le a d  t o  y i e l d  i n c r e a s e s .  F o r  i n s t a n c e ,  a  o n e -  

s t a n d a r d  d e v i a t i o n  p o s i t i v e  s u r p r i s e  in  t h e  I f o - i n d e x  r a i s e s  2 - y e a r  y ie l d s  b y  0 .1 8  b a s i s  

p o i n t s .  T h e  I f o -in d e x  is in d e e d  f o u n d  t o  h a v e  t h e  s t r o n g e s t  i m p a c t  o n  E u r o p e a n  b o n d  

m a r k e t s ,  f o llo w e d  by H C B  r a t e  d e c i s i o n s  fo r  t h e  2 - y e a r  y ie l d  a n d  t w o  U S  a n n o u n c e m e n t s  

fo r  t h e  1 0 - y e a r  y ie ld . In  f a c t ,  U S  a n n o u n c e m e n t s  a r e  a g a i n  f o u n d  t o  h e  v e r y  i m p o r t a n t  

f o r  t h e  l o n g  y ie l d ,  s u g g e s t i n g  t h a t  U S  m a c r o e c o n o m i c  a n n o u n c e m e n t s  a r e  b e lie v e d  b y  

m a r k e t  p a r t i c i p a n t s  t o  b e  a  g o o d  i n d i c a t o r  f o r  E u r o p e a n  m e d i u m  t o  l o n g  t e r m  i n t e r e s t  

r a t e s ,  a n d  t o  s o m e  e x t e n d  fo r  E u r o p e a n  s h o r t  r u n  y i e l d s .

L K M
(1.12)

Wt|n(_i ~  Ar(0,<r?) ( 1 . 1 3 )

K M
~ 0(H- + 01 <7(L j T ^  + Xv r̂n(hn,t ( 1 . 1 4 )

A = 1 m= 1
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Table 1.1: G A R C II(1 ,1 ) w ith  sq u ared  

surprises in variance eq u ation
2-year yield ch an g e 10-y ear yield ch an ge

conditional mean equation coefficient p-value coefficient p-value
co n sta n t -0 .0 1 2 0 .8 5 3 -0 .0 1 4 0 .8 0 4
lag 1 - 0 .1 3 8 0 . 0 0 0 -0.02G 0 .2 4  G
E C B js 0 .1 G 8 0 . 0 0 0 -0 .0 2 1 0 .5 5 2
F E D _s 0 .0 7 8 0 .3 7 7 -0 .0 0 3 0 .8 4 1

E U R M 3-S 0 . 1 1G 0 . 0 0 7 0 .0 1 1 0 .1  Gl
E l ’R G D P -s 0 .0 1 1 0 .8 9 3 0 .0 4 6 0.G 85
e i : r i p _s 0 .0 5 2 0.G08 0 .0 2 0 0 .7 1 9

E U R IIIC P js -0.00G 0 .9 4 2 -0 .0 1 0 0.8*15

E U K IH C P F L A S H js -0 .0 0 8 0 .8 9 2 -0 .0 0 5 0 .9 1 9
E U R U N E js -0 .0 0 8 0 .8 3 5 -0 .0 0 9 0 .8 2 2
D E C T  Us -0 .0 1 7 0.5G 3 -0 .0 1 3 0 .5 9 8

D E IF O js 0 . 1 8 3 0 . 0 0 0 0 .1 0 G o .o o c
D E G D R js 0 .0 5 1 0 .7 2 4 0 .0 1 8 0 .8 5 9
DEI I Ns 0 .0 1 9 0.G 40 0 .0 2 5 0 .3 3 1

D E U N E -s 0 .0 0 1 0 .9 8 0 0.0G3 0 .1 7 3

F S E M P -s 0 .1 4 5 0 . 0 0 0 0 . 1 1G 0 . 0 0 0

U S G D P js 0 .0 8 4 0 . 0 1 5 0 . 0 5 3 0 . 0 4 7

E S IIU s 0 .0 6 3 0 .1 3 0 0 . 1 0 3 0 . 0 0 0

E’S C P I js 0 .0 8 1 0 .2 1 7 0 .0 7 8 0 .0 G 9

A nnouncem ent dum m y 0 .0 2 7 0 .8 9 1 -0 .1 0 1 0 .4 0 7

D um m y _2U 9 -0.0G 9 0 ,7 9 2 0 .1 6 1 0 .4 0 9

D um m y _9.12 -0 .0 5 7 0 ,8 3 1 0 .0 4 8 0 .8 1 1

Diiminy_12_15 0 .2 2 4 0 .4 1 8 0 .1 2 0 0 .5 5 6

D um m y-1 T)_18 -0.05G 0 .8 2 7 -0 .0 0 9 0.9G1

N ote 1: Yield changes are  m easured  in basis p oints  

N ote 2: Definitions of variables in appendix 1 .7 .4 .

N ote 3: N um bers in bold in d icate  significance a t  th e 10  p ercen t level.

T u r n i n g  t o  t h e  r e s u l t s  fo r  t h e  c o n d i t i o n a l  v a r i a n c e  e q u a t i o n ,  w e  a g a in  f in d  s t r o n g  

A R C H  a n d  G A R C H  e f f e c ts .  T h e  u n e x p e c t e d ,  b u t  v e r y  i n t e r e s t i n g  f in d in g  o f  t h e  c o n d i

t io n a l  v a r i a n c e  e s t i m a t i o n  is t h a t  a l m o s t  all s q u a r e d  s u r p r i s e s ,  a n d  in  a n y  c a s e  a ll  th o s e  

fo u n d  t o  s i g n i f i c a n t ly  i m p a c t  o n  t h e  c o n d i t i o n a l  v a r i a n c e ,  a r e  fo u n d  t o  d o  s o  b y  reducing 
c o n d i t i o n a l  v o l a t i l i t y .  F o r  t h e  2 - y e a r  y i e l d ,  fo r  i n s t a n c e ,  s u r p r i s e s  in  U S  i n d u s t r i a l  p ro 

d u c t io n  f ig u re s  a r e  fo u n d  t o  h a v e  a  s t r o n g  n e g a t i v e  e f f e c t  o n  t h e  c o n d i t i o n a l  v o l a t i l i t y  o f  

y ie ld  c h a n g e  s h o c k s .  In  o t h e r  w o r d s ,  t h e  b ig g e r  t h e  s u r p r i s e ,  t h e  s m a l l e r  is  t h e  v o l a t i l i t y  

o f  t h e  s h o c k  t o  t h e  y ie ld  c h a n g e .  U s i n g  a b s o l u t e  v a lu e s  o f  s u r p r is e s  r a t h e r  t h a n  s q u a r e d  

v a lu e s  le a d s  t o  v e r y  s i m i la r  r e s u l t s  ( s e e  a p p e n d i x  1 . 7 .6  f o r  d e ta i l e d  r e s u l t s ) .  T h u s  th is  is 

in d e e d  a  v e r y  r o b u s t  f in d in g . T h e  r e s u l t s  a ls o  s h o w  t h a t  f a r  m o r e  o f  t h e  s u r p r i s e s  h a v e  

s ig n if ic a n t  e f f e c t s  o n  c o n d i t i o n a l  v a r i a n c e  r a t h e r  t h a n  o n  t h e  c o n d i t i o n a l  m e a n .  In  f a c t ,  

q u ite  m a n y  o f  t h e  s q u a r e d  s u r p r i s e s  a r e  fo u n d  t o  s i g n i f i c a n t l y  i m p a c t  o n  c o n d i t i o n a l  

v o la ti l i ty .

B u t  it d o e s  in d e e d  s e e m  s o m e w h a t  c o u n t e r i n t u i t i v e  t h a t  b ig g e r  s u r p r i s e s  s h o u ld  

a c t u a l l y  lo w e r  v o la t i l i ty .  In  p a r t i c u l a r ,  w h ils t  t h e  " d u m m y "  G A R C H  m o d e l  s u g g e s ts  

t h a t  a n n o u n c e m e n t s  d o  a c t u a l l y  o n  i m p a c t  i n c r e a s e  t h e  v o l a t i l i t y  o f  y ie ld  c h a n g e  s h o c k s .
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t h e y  i n s t e a d  a r e  f o u n d  in s ig n if ic a n t  o n c e  w e  c o n t r o l  f o r  t r u e  s u r p r i s e s .  T h i s  q u e s t i o n  

s h o u l d  b e  s tu d ie d  in m o r e  d e t a i l  t h a n  w h a t  is  p o s s i b le  in  th i s  s t u d y .  O n e  p o s s i b le  a n s w e r  

c o u l d  b e  t h a t  b ig g e r  s u r p r i s e s  g iv e  a  s o m e w h a t  clearer p i c t u r e  t o  m a r k e t  p a r t i c i p a n t s  a s  

t o  w h e r e  t h e  e c o n o m y  is  h e a d in g .  T h u s  i n v e s t o r s ’ u n c e r t a i n t y  a b o u t  t h e  f u n d a m e n t a l s  

m i g h t  a c t u a l l y  b e  d e c r e a s i n g  in  t h e  s iz e  o f  t h e  s u r p r i s e .  T h i s  m i g h t  t h e n  r e d u c e  v o l a t i l i t y  

i n  t h e  m a r k e t .

T able 4 .2 : G A R C II(1 ,1 ) w ith squared  

surprises in varian ce equation

2-year y ield  change 10-y ear y ield  change

conditional variance equation coefficient I)-value coefficient p-value

co n sta n t 4 .G 4 1 0 .0 0 0 2 . 5 2 5 0 .0 0 0

A R C H 0 .1 1 G 0 .0 0 0 0 .0 8 G 0 .0 0 0

G A R C H 0 .5 7 7 0 .0 0 0 0 . 5 7 0 0 .0 0 0

EC B_s_squared O.OOG 0 .2 7 5 0 .0 0 3 0 .3 6 0

FED _sjsqu ared - 0 .0 1 0 0 . 0 6 7 -0 .0 0 3 0 .3 3 8

E U R M 3-s_sq u ared -0 .0 1 G 0 .0 0 0 - 0 . 0 0 7 0 .0 3 9

E U R G D P_s_squared -0 .0 0 1 0 .8 6 6 -0 .0 0 1 0 .4 8 3

E U R I P  _s_squared - 0 . 0 0 7 0 .0 3 0 - 0 . 0 0 3 0 .0 0 0

E U R H IC P _s_sq u ared - 0 .0 0 9 0 .0 0 0 - 0 . 0 0 4 0 .0 0 0

E U R H IC P F L A S IL s-sq u a re d 0.001 0 .7 0 9 - 0 . 0 0 3 0 .0 0 0

E U R U N E _s_sq u ared -0 .0 0 3 0 .6 4 0 -0 .0 0 0 0 .9 1 9

D EC PI_s_squared -O.OOG 0 .3 1 7 -0 .0 0 3 0 .541
D EIFO _s_squared - 0 . 0 1 0 0 .0 5 7 -0 .0 0 2 0 .5 1 7

D E G D P -s-sq u ared - 0 . 0 0 3 0 .0 0 0 - 0 . 0 0 2 0 .0 0 0
D EIP_sjsq u ared - 0 . 0 1 7 0 .0 0 0 - 0 . 0 0 6 0 .0 4 2

D E U  N E -s-sq u ared -0 .0 0 3 0 .8 2 3 -0 .0 0 0 0 .9 1 6

U S E M  P_s_squared -0 .0 0 8 0 .2 1 2 - 0 . 0 0 7 0 .0 7 4
U S G  D P_s_squared - 0 . 0 0 9 0 .0 0 0 -0 .0 0 3 0 .2 0 8
lTSIP_s_squared - 0 . 0 2 2 0 .0 0 0 -0 .0 0 8 0 .1 6 0
U  S C  P I  ̂ sjsqu a ret 1 0 .0 0 3 0.G76 0 .0 0 2 0 .4 7 0

A nnouncem ent du m m y -0 .1 5 8 0 .8 1 4 -0 .1 1 5 0 .6 7 4
D um m y_21_9 -0 .4 6 3 0 .5 9 3 -0 .2 8 3 0 .6 7 0

D um m y_9_12 -0 .4 9 8 0 .5 0 5 -0 .4 3 8 0 .3 8 8

D u m m y . 12_15 -0 .3 2 3 0 .6 8 7 -0 .3 1 6 0 .5 3 9
P u m m y_15_18 -0 .2 3 8 0 .7 2 3 -0 .3 1 4 0 .5 3 3

R - squared 0 .0 3 6 0 .0 1 5
F -s ta t is t ic 3 .8 4 6 1 .560
p-value 0 .0 0 0 0 .0 0 8
L o g  likelihood -1 2 3 6 6 .9 -1 0 8 8 9 .0 7

N o te  1: Yield ch an ges are m easured in basis points.

N ote  2; Definitions o f variables in ap p en dix 1 .7 .4 .

N o te  3: N um bers in bold in d icate  significance a t  th e  10 percent level.

F i n a l l y ,  a  g l a n c e  a t  t h e  d i a g n o s t i c  t e s t s  ( s e e  a p p e n d i x  1 .7 .5 ,  t a b l e  5 . 2 )  r e v e a ls  t h a t  

t h e  A R C H - e f f e c t s  d o  i n d e e d  d i s a p p e a r  w h e n  m o d e l l i n g  2 - y e a r  y ie l d  c h a n g e s  w ith  t h e  

a b o v e  G A R C H ( 1 ,1 )  m o d e l ,  n o t  h o w e v e r  w h e n  u s i n g  t h a t  s a m e  m o d e l  f o r  m o d e l l in g  1 0 -  

y e a r  y i e l d  c h a n g e s .  S t r o n g  A R C H - e f f e c t s  d o  r e m a i n  i n  t h e  r e s id u a l s  o f  t h e  l a t t e r  a n d  d o
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n o t  d i s a p p e a r  w h e n  a d d in g  m o r e  A R C H  o r  G A R C H  t e r m s  in  t h e  c o n d i t i o n a l  v a r ia n c e  

e q u a t i o n .  T h u s ,  w e  s h o u ld  b e  s o m e w h a t  s c e p t i c a l  o n  t h e  r e s u l t s  f o r  t h e  1 0 - y e a r  y ie ld  

c h a n g e  s e r ie s  w h i l s t  w e c a n  b e  q u i t e  c o n f id e n t  in  t h o s e  fo r  t h e  2 - y e a r  y ie ld .

1.6 Conclusion
T h e  r e s u l t s  o f  t h i s  p a p e r  s u g g e s t  t h a t  n e w s  o n  m a c r o e c o n o m i c  f u n d a m e n t a l s  d o  m a t t e r  

fo r  E u r o p e a n  b o n d  m a r k e t s .  U s i n g  t h e  w id e ly  u s e d  G  A R C H  ( 1 ,1 )  m o d e l  w e  f in d  t h a t  

q u it e  a  fe w  s u r p r i s e s  a f f e c t  t h e  c o n d i t i o n a l  m e a n  o f  y ie l d  c h a n g e s .  M o s t  i m p o r t a n t  a r e  

s u r p r i s e s  o f  t h e  fo llo w in g  a n n o u n c e m e n t s :  t h e  E C H  i n t e r e s t  r a t e  d e c i s i o n ,  t h e  I fo  in d e x ,  

a n d  t h e  fo u r  U S  a n n o u n c e m e n t s  s t u d i e d  ( in  p a r t i c u l a r  t h e  U S  e m p l o y m e n t  r e p o r t  a n d  

G D P  f i g u r e s ) .  S u r p r is e s  in  t h e s e  a n n o u n c e m e n t s  r e s u l t  in  b ig g e r  r e s p o n s e s  o f  t h e  2 - y e a r  

y ie ld  t h a n  o f  t h e  1 0 - y e a r  y ie l d .  T h e  G A R C H ( 1 ,1 )  m o d e l  o f  c o u r s e  a l s o  a l lo w s  u s  t o  

i n v e s t i g a t e  t h e  e f f e c ts  o f  m a c r o e c o n o m i c  a n n o u n c e m e n t s  o n  t h e  c o n d i t i o n a l  v o l a t i l i t y  o f  

y ie ld  c h a n g e  s h o c k s .  W e  fin d  s t r o n g  a n n o u n c e m e n t  e f f e c t s ,  w ith  v o l a t i l i t y  r i s i n g  w h e n  a n  

a n n o u n c e m e n t  o c c u r s ,  b u t  s o m e w h a t  s u r p r i s in g ly  w e  f in d  a  n e g a t i v e  i m p a c t  o f  s u r p r is e s  

o n  v o la t i l i t y .  In  o t h e r  w o r d s ,  b i g g e r  s u r p r i s e s  t e n d  t o  r e d u c e  t h e  v o l a t i l i t y  o f  t h e  s h o c k s .  

T h i s  p o i n t  d e s e r v e s  m o r e  r e s e a r c h  e f f o r t s  in  t h e  f u t u r e .  W e  a r g u e  t h a t  o n e  p o s s ib il i ty  

fo r  t h i s  f in d in g  c o u ld  b e  t h a t  b i g g e r  s u r p r i s e s  -  s a y  a  m u c h  b ig g e r  t h a n  e x p e c t e d  i n t e r e s t  

r a t e  i n c r e a s e  b y  t h e  E C B ,  p e r h a p s  t o g e t h e r  w i t h  a  s t r o n g  a n d  c l e a r  p r e s s  r e l e a s e  -  c a n  

b e t t e r  s ig n a l  t h e  p a t h  o f  f u t u r e  s h o r t  t e r m  i n t e r e s t  r a t e s  t h a t  t h e  c e n t r a l  b a n k  is m o s t  

lik e ly  t o  fo llo w . I n v e s t o r s ’ u n c e r t a i n t y  a b o u t  f u t u r e  s h o r t  t e r m  i n t e r e s t  r a t e s  w o u ld  th e n  

b e  r e d u c e d ,  d e s p i t e  t h e  f a c t  t h a t  t h e  s u r p r i s e  w a s  in d e e d  v e r y  b ig . T h i s  c o u ld  t h e n  lo w e r  

t h e  v o l a t i l i t y  o f  y ie ld  c h a n g e  s h o c k s .
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1 .7  Appendix

1.7.1 Relation between bond price and yield
W e  h a v e

Pt.n

PtE+1.71-1

1
[1 +

1
[1 + Ut+1.71-1 1“ 1

W e  w a n t  t o  w r i t e  t h e  p e r c e n t a g e  c l i a n g e  in  t h e  h o r n ]  p r ic e  in  t e r m s  o f  y ie l d  c h a n g e s

lo g
Pt + 1.71-1

/)t,n
?

f  t + 1,71 — 1 [1 -1 ?/<,«]“

L Pt.n \
—

.[1  - h z / i n « - ! ] " “ 1 .

= ?flog(l + ?/,,„) -  (lí -  l)log(l + !/,

F o r  s m a l l  v a lu e s  o f  ytJl a n d  y t+i .n - i  w e u s e  t h e  a p p r o x i m a t i o n

l o g ( l  +  x )  =  t  

a n d  o b t a i n

lo g
Í+ 1,71—1

tjl
^  mh.n -  (ft -  !)ƒ /(  +1.71-1 

— —nAyi+i.„_i 4 }/t + i,n-\- ( 1 . 1 5 )

w h e r e  w e  h a v e  a d d i t i o n a l l y  u s e d  t h e  f a c t  t h a t  f o r  la r g e  v a lu e s  o f  v, Vt.n is a p p r o x i 

m a t e l y  e q u a l  t o  yt+i,n- 1- In  w o r d s ,  f o r  b o n d s  w it h  v e r y  lo n g  m a t u r i t i e s ,  s a y  e .g .  12  y e a r s ,  

t h e  d i f f e r e n c e  b e tw e e n  t o d a y ’s  y i e l d  a n d  t o m o r r o w 's  y ie l d  w ith  a  r e m a i n i n g  m a t u r i t y  o f  

1 2  y e a r s  le s s  o n e  d a y  is  a r g u a b l y  n e g l ig ib le .

T h e  k e y  r e s u l t  o f  e q u a t i o n  1 . 1 5  i s  o f  c o u r s e  t h a t  t h e  r a t e  o f  c h a n g e  o f  t h e  b o n d  p r i c e  

is  i n v e r s e l y  r e l a t e d  t o  t h e  y ie ld  c h a n g e .  T h i s  m a k e s  s e n s e ,  b e c a u s e  w e k n o w  t h a t  i f  t h e  

b o n d  p r i c e  r i s e s ,  t h e  y ie ld  s i m u l t a n e o u s l y  fa lls .
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1.7.2 Yield and yield change data

3 7

F i g u r e  1 .4 :  I n t r a d a i l y  y ie ld  d a t a  o f  G e r m a n  2  a n d  1 0  y e a r  g o v e r n m e n t  b o n d s .

y ie ld  changes -  2 -y e a r bond

F i g u r e  1 .5 :  I n t r a d a i l y  y i e l d  c h a n g e  d a t a  o f  G e r m a n  2  a n d  1 0  y e a r  g o v e r n m e n t  b o n d s .
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1.7.3 Histograms of yield changes on no-announcement days 
versus announcement days

no announcement 
-days jp g

announcement days 

21-9

F i g u r e  l .G : H i s t o g r a m s  o f  2 - y e a r  y i e l d  c h a n g e s  c o n d i t i o n a l  o n  w h e t h e r  a n  a n n o u n c e m e n t  

h a s  o c c u r r e d  o r  n o t .



MU

C h a p t e r  î :  N e w s  a n d  t h e  B o n d  M a r k e t 3 0

no announcement days
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F i g u r e  1 .7 :  H i s t o g r a m s  o f  1 0 - y e a r  y i e l d  c h a n g e s  c o n d i t i o n a l  o n  w h e t h e r  a n  a n n o u n c e 

m e n t h a s  o c c u r r e d  o r  n o t .
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1.7.4 Definition of variables

E C B

F E D

E  U H  M 3

E U R G D P

E U R  IP

EUHIIICP
EUHIHCPFLASII
E U R U N E

D E C P I

D E I F O

D E G  D P

D E I P

DEUNE
U S E M P

U S G D P

USIP
USCPI
A n n o u n c e m e n t  (lu m m y  

I )u m m y _ 2 1 _ 9  

I )u m m y _ 9 _ 1 2  

D u m m y .1 2 - 1 5  

D u m m y . 1 5 _ 1 8

E C B  in te re s t  r a te

F e d e r a l  R e s e rv e  in te re s t r a t e

E u r o  A r e a  m o n e y  s u p p ly

E u r o  A r e a  G D P

E u r o  A r e a  in d u s tr ia l  p r o d u c tio n

E u r o  A r e a  H a rm o n is e d  In d e x  o f  C o n s u m e r  P r i c e s

F la s h  e st im a te  o f  E U H I I I C P

Euro Area unemployment rate
G e r m a n  C o n s u m e r  P r i c e  In d e x

Ifo  in d i c a t o r

G e r m a n  G D P

G e r m a n  in d u s tr ia l  p r o d u c tio n  

G e r m a n  u n e m p lo y m e n t, r a t e  

U S  e m p lo y m e n t  

U S  G D P

U S  in d u s tr ia l  p ro d u c tio n  

U S  C o n s u m e r  P r i c e  In d e x

D u m m y  t h a t  ta k e s  t h e  v a lu e  1 if a n y  a n n o u n c e m e n t o c c u r s  

T i m e  d u m m y  t h a t  ta k e s  tlie  v a lu e  1 in th e  in te rv a l  fro m  2 1 :0 0  t o  9 : 0 0

T i m e  d u m m y  t h a t  ta k e s  th e  v a lu e  1 in th e  in te rv a l  fro m  9 :0 0  to  1 2 : 0 0

T i m e  d u m m y  th a t  ta k e s  th e  v a lu e  1 in th e  in te rv a l  fro m  1 2 :0 0  t o  1 5 :0 0

T i m e  d u m m y  th a t  t a k e s  th e  v a lu e  1 in th e  in te rv a l  fro m  1 5 :0 0  t o  1 8 :0 0
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1.7.5 Model diagnostics for the regression and GARCH mod
els with surprises: test statistics for ARCH-efFects and 
descriptive statistics using squared residuals.

T a b l e  5 .1 :  " S u r p r i s e 1 r e g r e s s io n  m o d e l

T ab le  5.1 2 -y ear yield  change 1 0 -year yield change

lag Q -sta t p-value L M -s ta t p-value Q -s ta t p-value L M -sta t p-value

1 4 4 .2 6 0 .0 0 4 4 .2 3 0 .0 0 1 .2 5 0 .2 6 1.25 0 .2 6

5 112 .76 0 .0 0 1 0 3 .4 7 0 .0 0 4 3 .4 8 0 .0 0 4 1 .9 0 0 .0 0

10 113 .85 0 .0 0 1 0 3 .6 6 0 .0 0 1 1 2 .8 7 0 .0 0 95 .7 4 0 .0 0

2 0 141.11 0 .0 0 1 2 1 .1 5 0 .0 0 2 3 0 .6 7 0 .0 0 151 .3 6 0 .0 0

3 0 151.41 0 .0 0 1 2 8 .0 2 0 .0 0 3 2 5 .0 8 0 .0 0 182 .9 5 0 .0 0

skew ness -0 .4 1 4 0 .1 1 9

kurtosis 17 .131 6 .211

J B  (p -valu e) 0 .0 0 0 0 .0 0 0

Table 5.2: ”Surprise” GARCH model

T ab le  5 .2 2-y ear yield ch an ge 10-year yield change

lag Q -stat f>-value L M -sta t p-value Q -s ta t p-value L M -sta t l>- value

1 1.C3 0 .2 0 1 .63 0 .2 0 3 .0 3 0 .0 8 3 .0 2 0 .0 8

5 5 .02 0 .41 5 .0 6 0 .41 2 5 .1 3 0 .0 0 2 5 .2 4 0 .0 0

10 5 .1 6 0 .8 8 5 .2 0 0 .8 8 7 5 .6 8 0 .0 0 7 6 .0 6 0 .0 0

2 0 3 5 .92 0 .0 2 3 4 .5 3 0 .0 2 1 6 0 .5 3 0 .0 0 1 3 8 .8 2 0 .0 0

30 50 .92 0 .01 4 7 .4 7 0 .0 2 2 3 0 .5 1 0 .0 0 169 .05 0 .0 0

skew ness -0 .2 7 5 0 .0 9 2

k urtosis 1 5 .9 9 2 6 .2 2 9

J B  (p-valu e) 0 .0 0 0 0 .0 0 0
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1.7.6 GARCH model with absolute surprises in variance equa
tion

T a b l e  G .l : G A R C H ( 1 ,1 )  w ith  a b so lu te  

s u rp r is e s  in v a r ia n c e  e q u a tio n

2 -y e a r  y ie ld  ch a n g e 1 0 - y e a r  y ie ld  ch a n g e

conditional mean equation co e ffic ie n t p -v a lu e c o e ffic ie n t p -v alu e

c o n s t a n t - 0 .0 3 0 0 .8 2 0 - 0 .0 1 8 0 .7 7 3

la g  1 - 0 . 1 4 8 0 . 0 0 0 - 0 .0 2 9 0 .1 7 3

E C B _ s 0 . 1 6 8 0 . 0 0 0 - 0 .0 1 8 0 .5 8 9

F E D _ s 0 . 0 7 7 0 . 0 6 4 - 0 .0 0 7 0 .5 8 7

E U K M 3 .S 0 . 1 1 6 0 . 0 0 8 0 .0 3 7 0 .2 3 5

E U R  G D I \ 3 0 .0 4 2 0 .9 0 7 0 . 0 4 8 0 . 0 7 9

E U R I P - S 0 .0 4 9 0 .4 1 2 0 .0 2 3 0 .5 0 7

E U R I I I C P - s - 0 .0 0 0 0 .9 1 2 - 0 .0 1 2 0 .7 3 4

E U R .I I I C P F L A S I I _ s - 0 .0 2 0 0 .7 3 4 0 .0 1 2 0 .7 5 2

E U I U J N E _ s - 0 .0 1 2 0 .7 1 0 - 0 .0 1 1 0 .7 0 9

D E C P I - s -0 .0 1  G 0 .5 9 8 - 0 .0 1 1 0 .0 8 4

D E I F O .S 0 . 1 9 9 0 . 0 0 0 0 . 1 0 5 0 . 0 0 5

D E G D P _ s 0 .0 5 0 0 .40G 0 .0 2 0 0 .7 9 1

D E I P _ s 0 .0 1 7 0 .4 9 7 0 .0 2 0 0 .2 3 1

I ) E U N E _ s - 0 .0 0 0 0 .8 5 0 0 .0 5 9 0 .1 9 9

U S E M P js 0 . 1 4 3 0 . 0 0 0 0 . 1 1 7 0 . 0 0 5

U S G D P - s 0 . 0 7 5 0 . 0 4 2 0 . 0 5 1 0 . 0 9 3

U S I P - s 0 . 0 9 9 0 . 0 0 7 0 . 1 0 2 0 . 0 0 0
U S C P I - s 0 . 0 8 0 0 . 0 4 8 0 . 0 7 4 0 . 0 0 8

A n n o u n c e m e n t d u m m y - 0 .0 0 4 0 .9 8 1 - 0 .0 8 0 0 .4 0 0
D u m m y - 2 1 -9 - 0 .0 4 9 0 .8 4 0 0 .1 8 7 0 .3 1 9

I )u m m y _ 9 _ 1 2 - 0 .0 5 3 0 .8 3 4 0 .0 3 2 0 .8 0 2
D u m m y _ 1 2 _ 1 5 0 .1 8 5 0 .4 8 9 0 .0 7 9 0 .0 7 9

D u n im y _ 1 5 _ 1 8 - 0 .0 7 3 0 .7 7 0 - 0 .0 0 5 0 .9 7 7

N o te  1 : Y ie ld  c h a n g e s  a r e  m e a s u r e d  in ja s is  p o in ts

N o te  2 :  D efin itio n s o f  v a r ia b le s  in  a p p e n d ix  4 .

N o te  3 :  N u m b e rs  in b o ld  i n d i c a t e  s ig n ifica n c e  a t  t h e  1 0  p e rce n t level.
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T a b le  G .2: G A R C H ( 1 ,1 )  w ith  a b s o lu te  

su rp ris e s  in  v a r ia n c e  e q u a tio n

2 - y e a r  y ie ld  c h a n g e 1 0 -y e a r  y ield  c h a n g e

conditional variance equation co efficien t p -v a lu e co efficien t p -v a lu e

c o n s ta n t 4 . 7 1 2 0 . 0 0 0 2 . 5 2 9 0 . 0 0 0

A R C H 0 . 1 1 7 0 . 0 0 0 0 . 0 7 6 0 . 0 0 0

G A I I C I I 0 . 5 8 6 0 . 0 0 0 0 . 5 7 2 0 . 0 0 0

E C B - S - a b s o l u t e 0 .1 5 8 0 .1 4 4 0 .0 6 3 0 .2 9 9

F E D _ s  .a b s o l u t e - 0 . 3 9 1 0 . 0 0 5 - 0 .1 2 1 0 .1 4 3

E U R M 3 j» ^ a b s o lu te - 0 . 2 1 6 0 . 0 7 2 - 0 .0 4 9 0 .4 5 6

E U R G  D P _ s _ a b s o lu te 0 .0 2 2 0 .9 2 6 - 0 .0 6 7 0 .7 7 2

E U R I P _ s _ a b s o lu te - 0 . 2 8 5 0 . 0 0 0 - 0 . 1 2 3 0 . 0 0 0

E U R I I I C P _ s _ a b s o lu te - 0 . 2 8 3 0 . 0 0 0 - 0 . 1 3 7 0 . 0 0 0

E U R I I I C P F L A S H _ s _ a b s o lu te 0 .0 4 3 0 .5 9 5 - 0 .0 6 5 0 .3 5 0

E U R U N E _ s _ a b s o lu te - 0 .1 3 5 0 .2 5 9 - 0 .0 3 8 0 .5 6 7

D E C P I _ s _ a b s o lu te - 0 .1 2 9 0 .3 1 7 - 0 .0 3 5 0 .7 1 3

D E I F O -S -a b s o lu te - 0 .1 8 4 0 .1 5 0 - 0 .0 5 0 0 .4 1 6

D E G D P _ s _ a b s o lu te - 0 .1 7 3 0 .5 0 6 - 0 . 0 9 4 0 . 0 0 0

D E I P _ s _ a b s o lu te - 0 . 3 8 1 0 . 0 0 0 - 0 . 1 3 7 0 . 0 0 3

D  E  U  N  E _ s_ a b so I u te - 0 .1 2 8 0 .4 3 4 0 .0 2 2 0 .7 2 9

U S E M P _ s -a b s o lu te - 0 .1 2 1 0 .3 0 0 - 0 .0 0 0 1 .0 0 0

U  SG  D P _ s_ a  bsol u t e - 0 .2 0 0 0 .1 6 5 - 0 .0 2 7 0 .7 2 8

U S I P -s  .a b s o l u te - 0 . 3 6 6 0 . 0 0 0 - 0 .0 9 4 0 .2 1 2

U S C P I j i_ a b s o l  u te 0.0G 3 0 .5 6 5 0 .0 5 2 0 .2 2 8

A n n o u n c e m e n t  d u m m y - 0 .3 2 1 0 .6 4 6 - 0 .1 1 7 0 .6 7 4

D u m m y  . 2 1 . 9 - 1 .2 3 0 0 .1 4 6 - 0 .4 7 8 0 .4 4 9

D u m m y  . 9 . 1 2 - 1 .0 6 0 0 .1 2 7 - 0 .7 7 3 0 .0 9 8

D u m m y _ 1 2 _ 1 5 - 0 .4 6 0 0 .5 6 1 -0 .4 3 4 0.3G 1

D u m m y _ 1 5 _ 1 8 - 0 .4 1 1 0 .5 3 2 - 0 .5 8 4 0 .2 1 0

R -s tju a re d 0 .0 3 5 0 .0 1 5

F - s t a t i s t i c 3 .7 7 6 1 .5 3 4

p -v a lu e 0 .0 0 0 0 .0 1 0

L o g  lik elih o o d - 1 2 3 2 3 .3 - 1 0 8 4 1 .5 4

N o te  1: Y ie ld  ch a n g e s  a re  m e a s u r e d  in ja s is  p o in ts .

N o te  2 : D e fin itio n s o f  v a r ia b le s  in a p p e n d ix  4 .

N o te  3 : N u m b e rs  in b o ld  in d ic a te  s ig n ifica n c e  a t  t h e  1 0  p e rc e n t lev el.
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C h a p te r  2

S h o c k s  a n d  A d j u s t m e n t  C o s t s  in  a n  
e s t im a t e d  R B C  m o d e l  for  t h e  U S

A b stra ct
R eal B usiness Cycle (R B C ) m odels ad vocate the im portance' of technology shocks fo r  
business cy cle  fluctuations. This p ap er use's IJS d a ta  on GI)F\ consum ption, in v estm en t, 
and hours worked, to estimate* a  sim ple R B C  m odel th at also allows for o th e r real, b u t  
non-technology shocks. T h e  m odel in addition allows for capital and lab o r a d ju stm e n t  
costs. It th en  addresses the* following three questions: W hich real shocks drive the I JS  
business cy cle ?  How im portant are  adjustm ent costs to  business cycle’ fluctuations? H a s  
th ere been a  change' in the1 stru ctu ral param eters around 1984?

T he em p irical findings show first, th at technology shocks are indeed th e  m ost im p o r
tan t shocks in explaining variation in US G D P. However, shocks to preferences, la b o r  
supply, an d  governm ent spending are  im portant as well. In p articu lar, she>rt run v a r ia 
tion in consum ption  is driven m ainly by preference shocks. G overnm ent spendiug sh o ck s  
have stro n g  effects on sh o rt run investm ent decisions, and m ost im p ortan tly , labor s u p 
ply is m ain ly  determ ined by the labor supply shock. Second, labor ad justm ent costs arc* 
found to  play a key role in the propagation m echanism  of the m odel. A nd third , th e re  
is som e evidence of a break in th e stru ctu ral p aram eters  around 1981.

2 . 1  I n t r o d u c t i o n

S tan d ard  R eal Business C ycle (R B C ) models usually assum e technology shocks as single  
key driving process of th e  econom y. Thus, th ey  not only ab stract from  nom inal sh ock s  
like m o n etary  policy shocks, hut often also from  o th e r  real shocks, such as shocks to  
preferences, government spending, or the depreciation  rate . This paper instead ta k e s  
the sta n d a rd  R B C  model and exten d s it by adding various shocks, as well as capital a n d  
labor ad ju stm en t costs as suggested by C'ogley and N ason (1 9 9 5 ). Using th is m odel, it 
addresses th ree  im portant questions: W hich real shocks drive th e US business cy cle?  
How im p o rta n t are  capital and lab or adjustm ent co sts  in the propagation m ech an ism ?

■10
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And lias th ere  been a break in th e  stru ctu ral p aram eters of the m odel arou n d  1984, 
after which US tim e series have been found in th e lite ra tu re  to  have lower volatilities?

To answ er these questions, th e  R B C  m odel is estim ated  using Bayesian m ethods 
on q u arterly  US d a ta  on G D P, consum ption , investm ent and hours worked over the 
period 19G3:1 to  200 4 :3 . T he em pirical findings in d icate  th a t technology shocks are 
indeed th e m ost im portant shocks in explaining variation  in US G D P  and investm ent. 
Consum ption an d  hours worked a re , however, also  strongly  affected by o th er shocks. In 
p articu lar, variation  in hours worked is strongly affected by shocks to  th e  m argin al rate  
of su b stitu tion  between goods an d  leisure, and short run consum ption is driven mainly 
by preference shocks. In addition , governm ent spending has some effects on  sh o rt run 
variations of investm ent.

T h e p aram eter estim ates are  generally in line with th ose usually found in th e busi
ness cycle  literatu re . An exception to  this is th e  labor ad ju stm en t co st p aram eter which 
is estim ated  significantly higher th a n  in o ther studies (see e.g. Shapiro (1 9 8 6 )) . Labor 
adjustm ent co sts  are  thus found to  have an im p o rtan t im p act in th e  p rop agation  mech
anism of the m odel. C apital ad ju stm en t costs, on th e o th e r hand, seem  not to  m atter  
very m uch.

Finally, I study the properties o f th e  shock processes an d  w hether these have changed 
over tim e. To this end, I run a  sm ooth in g  algorithm  to  o b ta in  optim al predictions of the 
hidden shock processes. T h e visual descriptions nicely show the im p act o f im portant 
historical events like the oil price hikes in the 1970s. I th en  test for p aram eter stability  
over th e  two sub-sam ples, and find th a t  p aram eters a re  generally stable. T h e  only 
exceptions are  slight changes in th e  ad ju stm en t cost p aram eters. L ab o r adjustm ent 
costs seem to  have risen som ew hat after 1984, whilst cap ita l adjustm ent co sts  are no 
longer sta tistically  significant. F in ally , there is som e evidence of sm aller shock variances 
after 1984.

T h e rem ainder of the paper is organized as follows: T h e  n ext section briefly discusses 
some o f the related  literature on th e  causes of business cy cle  fluctuations an d  the dif
ferent estim ation  approaches and how this p ap er fits in. Section 3 sets up th e econom ic 
model and its approxim ate solution, whilst section 4 discusses details of th e  estim ation  
procedure. T h e results are  then presented in section 5 , an d  the last section concludes.

2 . 2  L i t e r a t u r e  R e v i e w

2.2.1 The importance of real shocks
P re sco tt (1 9 8 6 ) attrib u tes “m ore th an  half th e  fluctuations in the p ostw ar p eriod , with 
a  best point estim ate  near 75 p erce n t” to  technology shocks. Using a  som ew hat more 
explicit and generalized argum ent, A iyagari (1 9 9 4 ) finds th a t  “under several standard  
assum ptions ( . .)  the contribution o f technology shocks m u st be large (a t  least 78 per
ce n t).”

M ore recently, Ireland (2 0 0 4 a ) finds that technology shocks accou n t for m o re  than  
half th e  fluctuations in output one q u arter ahead, and aro u n d  85%  o f variation  in output 
at th e  infinite horizon. He also finds strong effects of technology shocks on consum ption
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and investm ent variation at all horizons, whilst they m a tte r  for hours worked v aria tio n s  
only at th e  short horizon of one quarter where they explain around 97% . Just e ig h t  
quarters ah ead , they account for less than G% of hours variation.

Altig e t al ( 2 0 0 2 ) use a New K eynesian fram ew ork to  study the effects of b o th ,  
technology shocks and m o n etary  policy shocks. T h ey  find th at only ab ou t 3-8%  o f  
output variation  can be accou n ted  for by m o n etary  policy shocks, whilst tech n ology  
shocks accou n t for roughly 45% . T h is is, however, som ew hat a t odds w ith the finding  
by Shapiro and W atson (1 9 8 8 ) th a t aggregate dem and effects contribute around 20%  t o  
output fluctuations. B lanchard  and Quail (1 9 8 9 )  also find im portant effects of a g g re g a te  
dem and effects in the short rim .

Focusing m ore specifically on th e  labor m ark et, C h an g and Schorfheide (2003) find  
th at shocks to  labor supply accou n t for ab ou t -30% of variation in hours and a b o u t  
15% of o u tp u t fluctuations. T h ey  obtain m uch higher results of the effect on h o u rs  
when using a  hom e-production m odel. T h en , labor supply shocks an* found to exp la in  
GG% of hours variation, though th ey  adm it th e  m odel m ight be inisspccified. Looking a t  
tran sito ry  teelm ologv shocks of th e  kind studied by P re sco tt (198(i) and Ireland (2 0 0 4 a ) ,  
their results show that these accou n t for betw een 2G and 51% o f hours variation a m i  
between 3 0  and 41%  of variation in output.

Sum m ing up. it seems th a t tran sito ry  technology shocks can account for betw een  
3G% to  ju s t above 78%  o f ou tp u t variation , and betw een G to 51%  of hours v ariatio n . 
L ab or supply shocks account for ab o u t 15% of ou tp u t fluctuations, and around 30%  o f  
variation in hours worked. C onsum ption  and investm ent are  also strongly affected b y  
tran sitory  technology shocks.

2.2 .2  D ifferent approaches to estim ation

The ra th e r wide intervals of th e  above estim ates in d icate  tlit" uncertain ty  around th e s e  
figures quite well. Differences in estim ates o ccu r  for m an y reasons, one is because of u sin g  
different m eth od s. W hen studying th e causes of business cycle fluctuations, there art* 
essentially th ree  different ways to  proceed: K ydland an d  P resco tt (1 9 8 2 , 199G) p ropose  
the ’’ com p u tation al exp erim en t” w here an economic' m odel is first set up, p a ram eters  
then calib rated  to m atch  certain  first m om ents of th e  d ata , and the m odel's su ccess  
filially judged in term s of its ability  to  m atch  various second m om ents of th e  d ata . T h is  
m ethod underlies the work of P re s c o tt  (198G) and A iyagari (1 9 9 1 ).

Instead , Sim s (1980) and o th e rs  have ad v o cated  th e  use of V ector A u toregressive  
m odels on which a m inimum  set o f  restriction s is im posed using econom ic theory to  
uncover th e  stru ctu ral p aram eters . Shapiro and W atson  (1988) and B lan ch ard  a n d  
Q uah (1 9 8 9 )  use this approach  an d  m ake use of the identifying assum ption that on ly  
supply shocks can  affect output in th e  long run . C hang an d  Schorfheide (2 0 0 3 ) carry  o u t  
som e of th eir estim ations in a s tru ctu ra l VAR and identify the stru ctu ral p aram eters by  
assum ing th a t productivity  and hours worked move in opposite d irections in response  
to a labor supply shock.

Finally, m ore recently, and p artly  as a response to  criticism s to  th e  first two a p 
proaches. researchers have been estim atin g  com plete stru ctu ral m odels o f the business
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cycle. This has been suggested alread y  by Hansen an d  Sargent (1 9 8 0 ) and early  ex
amples were A ltu g  (1 9 8 9 ) , C h ristian o  and Eichenbaum  (1 9 9 2 ), and Leap er and Sims
(1994). M ore recently, and m entioning only a  selected few, Kim (2 0 0 0 ) has estim ated  a  
model o f m o n etary  policy using M axim um  Likelihood, C hristiano e t al (2 0 0 5 ) have used 
minimum d istan ce estim ation  to  stu d y  the effects of m o n etary  policy, Schorfheide (2000)  
has shown how different m odels can  be com pared in a  Bayesian setting, and Sm ets and 
W outers (2 0 0 2 ) have estim ated  a  fully specified D SG E model for th e  E u ro  area . The 
above results of A ltig  e t al (2 0 0 2 ), Ireland (2 0 0 4 a ) , an d  some of th e  results o f Chang  
and Schorfheide (2 0 0 3 ) were obtained  using th is approach .

T he stren gth  of this ap p roach  over the use o f s tru ctu ra l VARs is th a t p aram eters, as 
well as shocks, have a  clear econom ic m eaning. B ecau se th e stru ctu ral p aram eters are 
estim ated  directly , there is no identification problem  betw een reduced form  and struc
tural p aram eters. A nother way o f saying this is th a t this m ethod allows to  d irectly  write 
down a  full probabilistic description o f the d a ta  given th e  structural p aram eters. W hilst 
Sm ets and W ou ters (2 0 0 2 ) have shown th at forecasts obtained from  their estim ated  
D SG E m odel are  superior to  those obtained from  an un restricted  V A R , this is also true 
for m ore stan d ard  Bayesian V A R s as suggested by D oan , L itterm an  and Sim s (1984) 
which are  less densely specified, an d  thus reduce sam pling uncertainty of th e  estim ates.

T h e risk o f th e  stru ctu ral ap p roach  to  estim ation  is, however, th a t th e  model to  
be estim ated  is usually a  d ra stic  simplification of reality , and therefore alw ays mis- 
specified. T hou gh this has also been docum ented for s tru ctu ra l V A Rs (see Cooley and  
Dwyer (1 9 9 8 ) and Chari e t al (2 0 0 4 )) , it poses a  much bigger risk for estim ation  using 
fully specified D S G E  m odels. In principle though, as shown in Schorfheide (2 0 0 0 ) , the 
Bayesian approach  allows for m odel com parison of n ested  as well as unnested models. 
A nother closely related problem  is, th a t because the restriction s im posed on th e estim a
tion by the underlying econom ic m odel are highly nonlinear, it is difficult to  figure out 
how e xactly  th ey  affect th e  estim ation . DelNegro e t al (2 0 0 4 ) docum ent th e  n atu re of 
m isspecification of the New K eynesian model against an altern ative un restricted  VAR. 
They find th a t  even though the degree of m isspecification in large-scale D S G E  models 
is ra th er sm all, it still can n ot be ignored.

2.2.3 M ultiple shocks and factor ad justm ent costs

In this paper, I follow th e  stru ctu ra l approach to  estim atio n  and estim ate  a  fully spec
ified and m icro-founded R B C  m odel. In p articu lar, I ca rry  out B ayesian estim ation  
as suggested by D eJong et al (2 0 0 0 ) , Schorfheide (2 0 0 0 ) , Smets an d  W outers (2002), 
and others. T o study the th ree  questions m entioned in th e introduction, I use an  ex
tended version of the m odel suggested by Cogley an d  N ason (1 9 9 5 ). T hey show th at 
the propagation m echanism  of sta n d a rd  R B C  m odels is very weak, an d  thus argue th at 
introducing cap ita l and lab or ad ju stm en t costs would im prove the au to co rrelation  and 
impulse response properties of th e  variables. T h is p ap er extends th eir m odel by adding 
five tran sito ry  econom ic shocks. T hese are th en  a technology shock, tw o shocks to  
preferences, a  shock to  th e  depreciation rate , a n d  a shock to  governm ent spending.

In their m ultiple shock app roach , Ingram  et al (1 9 9 4 ) argue th a t the im portance
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o f any p articu lar shock is essentially indeterm inate because shocks are co rrelated . T h e  
m eth od  em ployed in this paper forces the correlation  to  he zero in the estim atio n , a n d  
therefore does not suffer from this criticism .

T he p ap er contributes to  th e  literatu re  hv adding to  the results of Ireland ( 2 0 0  la .b )  
an d  D eJon g  et al (2000b ). Using M axim um  Likelihood estim ation, P e te r Ireland con sid 
ers the role of technology shocks in th e stan d ard  R B C  model ( 2 0 0 1 a), and  exten d s th e  
stu d y  to  allow for three m ore non-technology shocks w ithin a  New K eynesian fram ew ork  
(2 0 0 4 b ). D eJon g  et al (2000b ) use Bayesian m ethods to  study th e role of tech n ology  
shocks and shocks to  investm ent in a model of variable capital u tilization.

This p aper instead studies th e  im p ortan ce of various other real shocks within a n  
R B C  m odel th a t in addition also allows for ad justm ent costs as in Oogley and N ason  
(1 0 9 5 ) . W e thus confine ourselves to  the ra th e r well known R B C  model and study th e  
stru ctu re  of th e US econom y from  an R B C  perspective. In p articu lar, by including  
o th er real shocks we are in a position to  judge which econom ic shocks are  im p o rtan t 
if th e true model was in fact th e R B C  m odel. Second, by m odelling facto r ad ju stm en t  
co sts explicitly, we not only obtain  m ore realistic im pulse response d yn am ics, but c a n  
also evalu ate th e relative im p ortan ce of these costs within an ag greg ate  m odel of th e  
econom y. A nd thirdly, by estim atin g  th e m odel over th e two sul»samples we can test f o r  
changes in the stru ctu ral p aram eters. Even though we do not include m o n etary  p o licy  
in th e analysis, we can still test for w hether there have been changes in governm ent 
spending shock param eters or o th er shock process p aram eters.

2 . 3  A  m u l t i p l e  s h o c k  R B C  m o d e l  w i t h  a d j u s t m e n t  

c o s t s

features cap ita l and labor ad ju stm en t costs and five tran sito ry  shocks. It is a d a p te d  
from  Oogley and Nason (1 9 9 5 ) by trea tin g  all shocks as transitory, and adds three m o re  
shocks to th e  technology and governm ent spending shocks. Two preference shocks a r e  
introduced following Bencivenga (1 9 9 2 ) . One is a  shock to  the in tertem p oral (‘la sticity  
of su b stitu tion  between consum ption over tim e, and th e other one a shock to  the in 
tra tem p o ral ra te  of substitution betw een goods and leisure at any point in tim e. Finally, 
a shock to  the depreciation ra te  is in troduced following Ingram  et al (1 9 9 1 ) .

T h e detailed  model setup is as follows: T h e representative household m axim izes  
exp ected  utility  which is given by

w here ct and  ht are consum ption and hours worked, and  d is the subjective tim e discount 
facto r. Period  utility  is given by:

T h e econom ic model used in th e em pirical analysis is a  real model of th e  econom y a n d

(2.2)
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where 7 c is th e  coefficient of re la tiv e  risk aversion, or equivalently the inverse of the  
elasticity  of substitution  of con su m p tion , and where 7 *  is th e  inverse of the elasticity  of 
work w ith resp ect to  the wage. \  determ ines the average am ount o f  tim e allocated  to  
work. T h e shock to  the in tertem p oral elasticity of substitution of consum ption is given 
by i f ,  and th e  shock to  th e  in tratem p o ral elasticity o f  substitution between goods and  
leisure is i f .  In th e following, I will refer to  i f  as a preference shock and to  i f  as a  labor 
supply shock.

T h e  household earns his incom e by renting capital an d  labor services out to  firms. 
Each period , th e  household decides how much o f his incom e he should consum e and how 
much he should invest in new ca p ita l. The household’s budget constraint th en  writes
as:

ptCt -F p[it  =  wth t +  r tk t (2 .3 )

where p t is th e  price of consum ption goods, which we norm alize to one, where p[  is the  
relative price of investm ent, wt an d  r* are the real w age an d  the rental ra te  o f capital, 
and w here i t and  kt are investm ent and the capital sto ck , respectively.

F in n s  are  m axim izing exp ected  discounted profits which are given by:

Et pt+t Vt+s — W t+sht+3 — r t+ akt+s (2 .4 )

where yt is o u tp u t, wt and rt are th e  real wage and the ren tal ra te  of cap ital, respectively, 
and w here p t is the stoch astic discount factor defined as p t+a =  ‘ ♦

W h en  changing either of th e  facto rs of production , firms incur adjustm ent costs. 
T his, o f  course, makes th e firm ’s problem  dynam ic in n atu re . Following C ogley and 
Nason (1 9 9 5 ) , adjustm ent costs a re  introduced in th e production function as follows:

<CA* \A kt ] 2 a*. [A  ht ]
2

----
1

7 2 h t - 1 .
(2 .5 )

where a t is th e  technology shock, and where </?* and <fh are  the two adjustm ent cost 
p aram eters. B ecau se of the loglinear stru ctu re , they can  be regarded as being equal to  
the m argin al co st, in term s of p ercen t of o u tp u t, following a  one percent increase in 
the facto rs o f production, lab or o r  cap ital. T h e function f { k t J i t) is assum ed to  be of 
stan d ard  Cobb-D ouglas style:

f ( k tJ it) =  k ? h ltl-a (2.C)

w here a  is th e  cap ital share of incom e.
T h e  cap ital accum ulation eq u ation  is given as follows:

k t+ 1 =  ( 1  — $t)kt +  it (2*7)

w here i t is investm ent and w here St is the depreciation  ra te  which is sto ch astic  and  
unknown a t / — 1 , but known a t tim e t.
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T h e governm ent is assum ed to  only use up resources, and thus governm ent sp en d in g  
en ters only in the m arket clearing condition:

Vt ~~ ct +  it A gt ( 2 .8 )

w ith governm ent spending, gti being another sto ch astic  process.
T h e  m odel is closed by specifying stoch astic processes for each o f th e e co n o m ic  

sh ock s . 1 A  com m on, though n ot entirely innocuous assum ption to  m ake is to  sp e c ify  
indepen dent processes for each shock. In p articu lar, it  is assum ed th a t each  shock follow s  
an independent univariate A R ( 1 ). T o be precise, let zt =  [at €% £% St gt] ', th en  th e sh o ck s  
are  assum ed to  follow:

zt =  $ z t - i  +  r/i ( 2 .9 )

w here $  is diagonal and yt is a  norm ally distributed zero-m ean w hite noise process w ith  
w ith diagonal covariance m a trix  E . In particu lar, we have

Pa 0 0 0 0  ' ’ ° l 0 0 0 0  '
0 peP 0 0 0 0 CT Ip 0 0 0

0 0 Peh 0 0 , £  = 0 0 0 0

0 0 0 Pâ 0 0 0 0 0

0 0 0 0 Ps . 0 0 0 0

(2 .1 0 )

T h e representative household chooses consum ption  and hours worked to  m a x im iz e  
( 2 . 1 ) su b je ct to  (2 .3 ). T h e  representative firm chooses capital and lab o r to  m a x im iz e
(2 .4 ) .  B e ca u se  th e solution to  th e  com petitive equilibrium  problem  is th e  sam e as t h e  
one to  th e  social planner problem , we in fact solve th e  social planner problem  b ecau se i t  
is easier to  solve. The social p lanner m axim izes ex p e cte d  utility su b ject to  the c a p i ta l  
accu m u latio n  equation using th e  relevant technology o f  production:

m a x  E t e : [o p t+*U (ct+sJ i t+ ,) (2.11)

su b ject to

kt+i =  (1 — &)fct +  y t — ct (2 .12 )

w ith

yt =  a tf ( k t , h t)exp (2 .1 3 )

1It should be noted that the concept of shocks made in the business cycle literature differs from the 
one in the time series literature, which usually assumes shocks to be the white noise processes driving 
the variables in the system. Mere, the shocks are themselves the variables. In what follows, I use the 
term "innovations11 to refer to the white noise processes governing the economic ”shock" processes.
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The first order optimality conditions are given in the appendix. For completeness I 
briefly state the loglinearized equations here. The hat indicates percentage deviations 
from steady state:

0 «  l c & ( c t - c t+ i )  +  Et(ê?t+ l - é ? t ) +  ( l - l 3 ) E t r t + l - 0 Ô E A Ô t + l ) (2.15)

It can nicely be seen how the labor supply shock enters into the household's first order 
condition with respect to hours worked, and how the preference shock enters into the 
Euler equation. In case of zero adjustment costs, the firm’s optimality conditions reduce 
to the standard ones.

The structural parameters to be estimated can then be collected in a vector, 0 , which 
can therefore be written as:

0 =  [a ¡3 6 % Vh Vit 7c 7 h Pa Pe* Peh As P9 <?s trg]r (2 .1 8 )

For every 0 within the economically relevant parameter space, 0 , the model can now be 
solved for the decision rules by applying for instance the solution algorithm proposed 
by Paul Klein (2000). In particular, if we write the loglinearized model as:

where x t = [sj u[]; contains the state variables, s t , and the control variables, u t , of the 
system, then the solution in terms of the decision rules is given by:

where the functional dependence of the ,4, B ,  F  and P  matrices on 0  is made explicit. 
The vector of innovations to the shocks, T)ly is assumed to be white noise with covariance 
matrix, £, as given in (2.10). The matrix J  is block diagonal with zeros everywhere 
apart from ones along the lower-right part of the main diagonal picking the specific shock 
processes. The next section will discuss this system and its probabilistic representation 
in more detail.

2 . 4  E c o n o m e t r i c  M e t h o d

Bayesian estimation of the structural parameters of the model is carried out by com
bining the likelihood function of the solution system given in (2.20) and (2.21) with a 
prior density over the parameter space. As the solution system is already in state-space 
form, the Kalman filter can be used to recursively calculate the likelihood function. The 
posterior density is then maximized numerically to obtain an estimate of the posterior

Ih fa t + 7c<k + ¿t (2.14)

1 +  r  1 — û
(2.1C)

(2.17)

A ( 0 ) E tx w  = B ( 0 ) x t , (2.19)

>si — F ( 0 ) s t-\ + J i j t

ut =  P ( 0 ) s t

(2.20)

(2.21)
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mode with covariance matrix of the estimate taken to be the inverse hessian evaluated 
at the maximum. In addition, a Markov-Chain Monte Carlo (MCMC) method, as sug
gested by Schorfheide (2000) and Otrok (2001), is then used to obtain estimates of the 
full posterior density. The next two subsections discuss in more detail how the likelihood 
function of the solution system is calculated and how the MCMC algorithm is used to 
sample from the posterior.

2.4 .1  Likelihood Function
In calculating the likelihood function of the system (2.1G) and (2.17) one has some free
dom as to the choice of variables in the state and control vectors, $t and u t , respectively. 
Thus, one has some freedom as to the choice of variables one is going to use in the esti
mation, and for which one therefore will obtain a probabilistic representation. Because 
I want to study the effects of the shocks on the main economic time series, it seems sen
sible to choose ut to contain output, consumption, investment, and hours worked. The 
state vector should be kept small and I therefore choose $t to contain the endogenous 
state variables, k t and h t- 1 , as well as all the five exogenous shocks. Thus, the state and 
control vectors of (2.20) and (2.21) are written as follows:

k t "
k -1 m A

Vt
a t Ct, u t = *
¿ht t
St

V 1

9t .

In principle, I could add another variable to the control vector because there are five 
shocks in the model and, as argued for instance by Fernandez-Villaverde and Rubio- 
Ramirez (2004), the model would still be nonsingular when using five variables in the 
estimation. I decide not to do mainly because of the difficulties in obtaining data on real 
wages and the real interest rate that would be of similar standard in terms of quality as 
the other time series. Measurement errors could be introduced here by adding zero-mean 
white noise errors to the observation equation (2.21) as originally done by Altug (1989), 
and more recently by Ireland (2004a) who adds serially correlated measurement errors 
that are assumed to follow a VAR(l). I refrain from adding measurement errors mainly 
because it is perfectly valid to estimate the model based on four variables only, and 
second, because adding measurement errors is always somewhat adhoc - even though 
they would be justified when using real wage or real interest data. Adding serially 
correlated measurement errors seems even more adhoc, though it would most likely 
capture important dynamics in the data. However, I prefer to estimate the model 
with all uncertainty arising from structural shocks that can be given a clear economic 
interpretation.

The likelihood function of the data is then calculated by applying the Kalman filter. 
Derivation and properties of the Kalman filter can be found in e.g. Harvey (1989). Here.
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I will only sketch how the likelihood function is calculated as a by-product from running 
the filter. If we denote the joint data density of the system (2.20) and (2.21) by p(Y r‘, 0) 
with Yt  =  { « t , ut- i i  • • •, u\}  containing the observed data, then the likelihood function

where p(ut\Yt- \ \0 )  is the density o f ut conditional on information at t — 1. Assuming pt 
is normally distributed, u t is conditionally normal with mean given by:

Finally, the loglikelihood function of the data, Yt , evaluated at 0 can be written as

where nu is the number of variables in «*. Because the state vector is largely unknown, 
we need to use the Kalman filter to find its optimal forecasts, and the forecasts’ 
updates given new information at tim e L Details o f how the optimal forecasts and 
updates are derived are given in the appendix.

In Bayesian estimation interest focuses on the posterior density. The posterior is 
obtained by multiplying the likelihood with the prior density. The prior density is taken 
over the economically relevant parameter space of structural parameters, 0 .  At each 0 
we have

where p(0) is the prior, and p{0\Yr) the posterior density, respectively. The posterior is 
then either maximized and the mode is taken as estim ate, with the inverse Hessian of the 
posterior evaluated at the estimated mode used as approximate covariance matrix. Or 
else, Markov-Chain Monte Carlo (M CM C) methods are used to generate draws from the 
posterior. T he next section discusses briefly how MCMC algorithms, and in particular, 
the Metropolis-Hastings algorithm, can be used to generate draws from p(0\Yr)-

of the data given the parameter vector 0 can be found by factoring the joint density as:

T
(2.23)

Ût\t-\ — Pêt\t-l (2.24)

where Sî|î_ i is the optimal forecast of the state vector St conditional on information at 
t — 1. The covariance matrix of ut conditional on t — 1 is

— P E t-i(s t  “  Si|i_i)(s( — ¿(|i_ i) ,P /- (2.25)

(2.2G)

(2.27)

p (O\Yt ) = p ( O ) H 0 ;Y t ) (2.28)
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2 .4 .2  Bayesian Inference
The objective of the MCMC algorithm is to generate samples that mimic samples drawn 
from the posterior p(0\Yr). The Metropolis-Hastings algorithm used here belongs to th e  
class of acceptance-rejection sampling algorithms where proposal draws are taken from 
a generating density, and the draws are either accepted or rejected based on a certain 
acceptance probability. It is a ’’Markov-Chain” Monte Carlo algorithm because each 
proposal is drawn from a density that depends only on the previous draw. In particular, 
each proposal draw in the algorithm is generated as follows:

¿(0 =  0(»-D +  Cj ~  N (0 ,c V ). (2 .29)

Thus, the proposal draws are generated by a  random walk process. A draw is then 
either accepted, i.e. 0 =  0 ^ \  or else the previous draw is taken as new draw, and 
flb) =  W hether a draw is accepted or not depends on the acceptance probability,
a (fi(,),0<*-1)), which for the Metropolis-IIastings algorithm is given by:

o(0(*î,0(* **) =  min p(Ô{i)\VT)
p ( 0 ^ \ Y t ) '

(2 .30)

The acceptance probability for the Metropolis algorithm is thus given by tbe ratio o f 
the posteriors evaluated at the proposal and at the previous draw. If a proposal draw 
gives higher posterior density than the previous draw, then this new draw is taken with 
certainty. If not, then the proposal draw is taken with probability given by (2.30), which 
in that case will necessarily be smaller than one.

Im portant issues in MCMC sampling are the choice of generating density, the number 
of draws, and in particular, the related issue o f convergence. T he generating density 
should in general be close to the posterior, though this is, of course, unknown. Choosing 
a m ultivariate normal density is usually a good idea. 3 ’he covariance m atrix, V, will 
then be im portant. I follow Scborfheide (2000) and take the inverse Hessian obtained 
from posterior maximization as covariance m atrix in the MCMC algorithm.

2 . 5  E s t i m a t i o n  a n d  R e s u l t s

This section discusses the dataset, the use of prior information, and the estim ation 
results obtained from maximization of the posterior and from the MCMC algorithm.

2.5 .1  D a ta

The data used in the estimation is quarterly US data from 1963:1 to 2001:3. T he sample 
contains therefore 167 observations. Nominal output, consumption, and investment data 
is taken from the National Incomes and Products Accounts from the BEA  website. The 
data is converted to real data by dividing with corresponding price deflators. Output is 
taken to be G D P, consumption is the sum of nondurables consumption plus consumption 
of services, and investment is taken to be nonresidential investment. Per capita data is
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obtained by dividing through by the working age population which is taken from the 
OECD database. Hours worked data is also taken from the OECD and calculated as 
follows: Hours worked per employee in the business sector is multiplied by the total 
number of employees. The total number of hours worked in the economy is then divided 
by the working age population. These transformations are also used by Chang and 
Schorfheide (2003) and make the data used in the estim ation comparable to those used 
in their model.

The solution of the model is given in terms of variables measured as percentage de
viations from steady state. Thus, some method needs to be used to approximate the 
unknown steady state. Following Otrok (2001), I detrend the data by first taking logs of 
the data, and then applying the Hodrick-Prescott filter with standard smoothing para
meter for quarterly data of 1600. The detrended data used in the estimation is shown in 
the appendix. It should be noted that there are many other detrending procedures used 
in the literature. Linear detrending is used by Smets and Wouters (2002), whilst Ire
land (2004a) and Chang and Schorfheide (2003) detrend within the model. T his latter 
detrending procedure has become popular recently, because it allows using information 
about the cointegration properties of the data (see also Kapetanios et al (2005)).2

2.5.2 P rio r Inform ation
The prior information used in the estimation is based on priors used, as well as on 
estimation results found in other studies. The uncertainty around the prior information 
is hoped to reflect the different views within the economics profession about reality. 
Assuming prior information to be independent for each parameter, we can factor the 
prior as

m = p { 0 i ) p { 0 2) .. .p { 0 n§) (2.31)

where no is the number of parameters to be estimated. The parameter vector 0 in 
(2.18) contains 18 parameters. Following standard practise in the literature, some of 
them are fixed in the estimation. In particular, there is both, strong evidence in the 
data, and strong arguments in the literature (e.g. Prescott (1986)), that the capital 
share of output should be 0.3G, and that the subjective tim e discount factor should be 
equal to  0.99 per quarter. The steady-state depreciation rate is set to  0.025, and the 
weight parameter \ is set to  guarantee that households allocate one-third of their time 
to working. T he government spending ratio is set to 20% which has been the post-war 
average in the US.

All remaining 14 parameters are then estimated. In particular, rewriting 0 to  only 
include those parameters that are estimated, we have

Q — \ph P k  To ")h Pa PeP Peh P& Py @a V̂p &S @g\ •>

where the important adjustment costs parameters are given by ph and

2This is an interesting issue that will be taken up in future work.
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Because there is not much information on the size of adjustment costs in B B C  
models3, I will use rather uninformative priors. Information about the adjustment co st 
parameters comes from Cogley and Nason (1995) who refer to estimates by Shapiro 
(1986). In particular, the prior mean of is taken to be 0.36 which is the value chosen 
by Cogley and Nason, who, however, mention that this might probably overstate th e  
size of aggregate labor adjustment costs. The prior mean of the capital adjustm ent 
cost parameter is taken to be 2.2 which is also based on Shapiro (1986). As to th e  
uncertainty around these param eters, I assume them to be normally distributed w ith  
standard deviation equal to 1.50 each, and truncated at zero. Thus, I use a very w eak 
prior on them, reflecting the uncertainty around them.

The prior density of the utility function parameters is taken to be the same as in  
DeJong et al (2000). They use normal priors with mean for the coefficient of relative risk  
aversion, 7C, equal to 1.50, and with mean for the inverse of the elasticity of substitution 
in labor supply, 7* , equal to 0.G0. They use prior standard deviations of 0.25 and 0 .1 0 , 
for the two parameters respectively, giving 95%  prior coverage intervals of (1.0,2.0) for 
7C and of (0.4,0.8) for qy,.

As for the persistence parameters of the shock processes, I follow Smets and W outers 
(2002) by assuming them to be b eta  distributed with mean equal to 0.85 and standard 
deviation 0.10. The beta distribution nicely covers the range between zero and one.

The most difficult param eters to  find information on are the standard deviations o f  
the shock innovations. Prescott (1986) calibrates <70 to be 0.763. This seems rather large  
when compared to Ireland’s (2004a) finding o f it being only 0.0050. Smets and W outers 
assume most of the standard deviations of their shock innovations to be between 0 .1 0  
and 1.00, with <ra =  0.40. I go for a compromise and choose them to have mean 0 .1 0 . 
Following Smets and Wouters, I assume them to follow an inverse gamma distribution 
with degree of freedom (d.o.f.) param eter set to  2. This guarantees a wide support an d  
an infinite standard error. A summary of all prior information is shown in table 2.1.

2.5 .3  P aram eter E stim ates
Table 2.2 contains the param eter estim ates obtained from maximizing the posterior. 
The standard errors are the square roots of the diagonal elements of the approxim ate 
inverse hessian of the posterior at the maximizing vector. It should be noted, that pos
teriors tend to be asymptotically normal, and thus, these two parameters, in principle, 
determine the posterior density. The M CM C algorithm should, in principle at least, 
deliver exact finite sample estim ates. Asymptotically though, the results from the pos
terior maximization procedure should be similar to those from the MCMC algorithm. 
All posterior densities are plotted in appendix 2.7.4. By and large, it does indeed seem 
to be the case that the asym ptotic results are fairly good approximations to the results 
from the MCMC algorithm. Thus this section presents the results from the posterior

3There  p robably  is more inform ation  than  I g ran t, but because there is no unified handling o f
ad ju stm ent costs  in  the literatu re, it is not possible for me to  find any definitive sources.
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Table 2.1: Prior information

Parameter Prior density
type mean st. dev. source

r h Normal 0.36 1.50 Shapiro (1986)
y k Normal 2.20 1.50 Shapiro (198G)
7c Normal 1.50 0.25 De.Iong et al (2000)
7 h Normal 0.60 0.10 DeJong et al (2000)
Pa Beta 0.85 0.10 Smets and Wouters (2003)

p £ P Beta 0.85 0.10 S&W
Pe* Beta 0.85 0.10 s&w
Pô Beta 0.85 0.10 SfcW
Pg Beta 0.85 0.10 s&w
Ca inv. Gamma 0.10 2 (d.o.f) various sources

0 £ p inv. Gamma 0.10 2 (d.o.f) v.s.
inv. Gamma 0.10 2 (d.o.f) v.s.

<?& inv. Gamma 0.10 2 (d.o.f) v.s.
a g inv. Gamma 0.10 2 (d.o.f) v.s.

maximization procedure, highlighting where necessary any differences from the MCMC 
results.4.

The estimates of the posterior maximization are most correctly interpreted in a 
Bayesian way by claiming that posteriors are normally distributed and taking the mode 
and diagonal values of the inverse Hessian as mean and variance parameter of this 
posterior. Posterior probabilities of parameters lying in certain regions can then he 
calculated. Alternatively, one can try to visually investigate the posteriors obtained 
from the MCMC-routine (see appendix 2.7.4). In precise Bayesian terms we would 
summarize the information in table 2.2 by stating that the probability that each single 
parameter is equal to or less than zero is less than five percent.

The following sections discuss the model estimates more precisely and for ease of 
argument takes on a classical interpretation of the parameters.

All parameters are estimated significantly different from zero. In general, the para
meter estimates seem quite reasonable. This section discusses utility function and shock 
processes parameters. Adjustment costs are discussed in the next subsection.

The coefficient of relative risk aversion is estimated to be 1.83 which is quite high, but 
in line with some of the studies mentioned in Prescott (198G). Households' intertemporal 
substitution of consumption is therefore found to be rather low. The inverse of the 
elasticity of substitution of work is found to be very close to the prior mean of 0.6. The

4The MCMC algorithm was run with one million draws.
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Table 2 .2 : Posterior m ode estim ates

P aram eter E stim a te s  from p osterior m axim ization

m ode st. err.

<ph 3.1G 50 0.8G41

<Pk 2 .5 0 0 9 1 .1 5 1 4

7c 1 .8 3 1 7 0 .2 3 9 4

7 h 0.G 587 0 .0 9 5 7

Pa 0 .9 3 3 8 0 .0 1 5 5

pef 0.7G14 0.07G1

p£h 0 .9 4 9 2 0 .0 2 2 4

PS 0 .7 8 0 0 0 .0 9 5 6

Pg 0 ,7 7 2 2 0 .0 7 0 8

0a 0 .0 0 7 0 0 .0 0 0 4

<7 eP 0 .0 0 5 8 0 .0 0 0 7

(T£h 0 .0 1 4 9 0 .0 0 1 7

0Ò 0 . 0 2 2 1 0 ,0 1 0 5

Og 0 .0 2 8 9 0 .0 0 1 7

stan d ard  e rro r is only a little  sm aller than th e  prior density, thus the d a ta  does n o t  
provide m uch new inform ation ab o u t th is p aram eter.

Looking a t th e histogram s ob tain ed  from th e  M C M C  algorithm  (see ap p en d ix 2 .7 .4 ,  
figure 2 .7 )  w e  find the asy m p to tic  stan d ard  erro rs o f the utility function estim ates to  
be m uch bigger than  the (finite sam ple) stan d ard  erro rs resulting from  th e M C M C  
algorithm . T h e M C M C  estim ates are  fairly precise, in any case m ore precise than th e  
prior inform ation, and located  n ear th e  mean o f  the p rior distributions.

T echnology shocks are  found to  be very p ersisten t, with pa being 0 .9 3 . T h is is v ery  
close to  P re s c o tt ’s value of 0 .9 5 , though sm aller th an  th e  near-unit ro o t of 0 .9 9 8 3  found  
by Ireland (2 0 0 4 a ) . Using E u ro  a re a  d a ta , Sm ets and W outers ( 2 0 0 2 ) find pa to  be 0 .8 3 .  
C hang and Schorfheide (2 0 0 3 ) find it to  be 0 .7 4 5 . T h e  standard  erro r o f m y estim ate  
is som ew hat sm aller than th e  one of Sm ets and W ou ters, but it is bigger th an  the on e  
found by Ireland. D eJong e t al (2 0 0 0 )  estim ate pa to  be 0 .9 7  with a  stan d ard  error o f
0 .0 1 4 . This is very close to  m y results.

It is m ore difficult to  com p are th e other persistence param eters w ith th e  literatu re , 
basically becau se researchers have only recently sta rte d  estim ating m ultiple shock m od 
els. C om p arin g  m y estim ates to  those of Sm ets and W outers for th e E u ro  area , m y  
preference shock process is less persistent than theirs, w ith m y estim ated  p s being 0.7G, 
and th eir M C M C  estim ate being 0 .8 9 . T he stan d ard  erro r of m y estim ate  is slightly less 
th an  four tim es th e  size of th e  S m ets and W outers one. M y estim ate  of th e  persistence  
of th e  hours shock is virtually  identical to  theirs: my estim ate  is 0 .9 5 , they find it to b e  
0 .9 0  when m axim izin g  the p o sterior, and 0 .98 when using M C M C . T h eir stan d ard  error
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of the former estim ate is 0.019, my estim ate is 0.022. Chang and Schorfheide (2003) find 
the persistence parameter of the hours shock to be 0.865 with standard error 0.034. The 
hours shock process and the technology shock process are the most persistent processes 
in my results. The persistence parameter of the depreciation rate shock is rather low, 
only being 0.78. The standard error is rather big, close to the 0.1 assumed in the prior. 
Only the government persistence parameter is found not to be in line with existing 
studies. Government spending is usually found to be rather persistent, but not in my 
results. Smets and Wouters find pg to  be 0 .9 6 ,1 find it to be only 0.77.

Again looking at the results from the MCMC algorithm (appendix 2.7.4, figure 2.8) 
we find the results from the two different estimation methods to be roughly similar. 
A noticeable exception is the persistence parameter of the labor supply shock which is 
estimated much smaller under the M CM C algorithm.

The standard deviation of technology shock innovations is estimated to be 0.007 
with standard error 0.0004. This compares very well with Ireland's estim ate of 0.005 
and standard error 0.0003. Chang and Schorfheide (2003) find cr0 =  0.009 with standard 
error 0.001. D eJong et al (2000) estim ate it much smaller. They find oa — 1.4e — 5 with 
standard error 5.8e-6. Smets and Wouters (2002), using Euro Area, data estim ate the 
standard deviation of the technology shock to be 0.006, i.e. very close the estim ate of this 
study using US data. In general, my estimates of the standard deviations of the shock 
innovations are o f a  similar magnitude as those of Smets and Wouters. They do, however, 
find a much smaller standard deviation of their government spending shock innovations. 
Interestingly, the most volatile innovation in Smets and Wouters (2002) is the innovation 
to the labor supply shock process. Though the volatilities of the innovations to the 
government spending and depreciation rate shocks are the most volatile in this paper, 
we do also find that the innovations to  the labor supply shock process are of a magnitude 
bigger than those to the technology and prefernce shock processes. Our estim ate of the 
standard deviation of the labor supply shock process, indeed, compares well with the 
one from Chang and Schorfheide (2003). They find it to be 0.021, with standard error
0.007, My estim ate is 0.015 with standard error 0.002.

Finally, the results of the MCMC algorithm for the standard deviations of the shock 
innovations (see appendix 2.7.4, figure 2.9) are found to be very similar to the asym ptotic 
ones.

To sum up, all my estimates are significantly different from zero, and very much in 
line with existing studies. The intertemporal elasticity of substitution of households is 
found to be rather small. The shock processes are found to be persistent, though away 
from unit roots. Comparing my estim ates of the standard deviations with the literature 
is more difficult, but to the extent that a comparison is possible, they are found to be 
well in line, Finally, the results from the MCMC algorithm are quite similar to the 
asymptotic ones obtained from posterior maximization, with the only big exceptions 
being the utility function parameters.
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Figure 2 .1 : Adjustm ent cost p aram eters. D ashed line: Prior, solid line: A sym p totic  

Posterior, h istogram : M C M C  resu lts.

2 .5 .4  How im portant are  ad justm ent costs?

M ost im p o rtan tly  though, th e estim ates of th e  ad ju stm en t cost p aram eters a re  both sig
nificantly different from zero. T h e  evidence is less stro n g  for the capital adjustm ent co st  
p aram eter which is only m arginally bigger th a n  the p rior m ean, but w ith a  som ewhat 
sm aller stan d ard  error th a n  prior stan d ard  d eviation . B u t there is strong evidence th a t  
aggregate lab o r adjustm ent costs m a tte r  for the. internal propagation m echanism  of th e  
m odel, and in p articu lar, for the econom ic m odel to m a tch  the d a ta  as good as possible. 
T he im p o rtan ce of the lab or ad ju stm en t cost p a ra m e te r  is shown in figure 2.1 by com 
paring the prior with th e posterior densities. T h e  dashed line gives th e p rior density, 
the solid line th e posterior based on  asy m p to tic  results and  norm ality assum ptions, and  
th e h istogram  th e  results from  th e  M C M C  alg o rith m . As m entioned above, posteriors 
tend to  be asym p totically  norm al, so  given th e  ra th e r  long sam ple we would expect th e  
asy m p to tic  posteriors to  be reasonable ap p ro xim atio n s to  the finite sam ple posteriors. 
T hough this is indeed found to  he th e  ease for th e  cap ita l adjustm ent cost p aram eter, it 
does not hold for labor ad ju stm en t cost p aram eter w here the M C M C  p o sterior is quite 
a bit to  the right of the asy m p to tic  posterior in d icatin g  an even higher value for labor 
adjustm ent costs.

As seen in th e top panel of figure 2 . 1  both p osteriors are  far away from zero , and thus 
clearly significantly different from zero. Instead the b o tto m  panel of figure 1 shows th e  
posteriors o f th e  capital ad ju stm en t cost p aram eter to  be very close to  th e  prior, and in 
p articu lar, m uch closer to  th e  zero  point. T h ese resu lts indicate th a t labor adjustm ent 
costs play an im portant role in explaining m a jo r  VS m acroecon om ic tim e series through  
an R B C  m odel.
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2.5.5 W h a t real shocks drive the US business cycle?
Forecast Error Variance Decompositions are used to study the relative importance of 
each of the five shocks on variation in the four data series. Interest focuses on short run 
variation one quarter ahead, on variation at the business cycle frequencies of four and 
ten quarters, and at long run variation 10 and 25 years ahead. The results are presented 
in appendix 2.7.5.

Technology shocks are found to have strong effects on all variables except for hours 
worked. Though technology shocks have strong impacts on consumption, investment, 
and output a t all horizons, there seem to be some differences with increasing forecast 
horizon. In particular, the effect of technology shocks on output variation falls with 
increasing forecast horizon, whilst it is increasing for the other two variables.

The other important shock to  virtually all variables is the shock to hours worked, 
or the labor supply shock. The importance of the shock rises with the forecast hori
zon. Variation in hours worked is essentially only driven by labor supply shocks. Even 
though unconditional correlation between hours worked and the real wage, or average 
productivity, have not been calculated yet, it seems from these results that it is rather 
the labor supply curve that is shifting, than the labor demand, or marginal product of 
labor schedule. Together, the technology shock and the labor supply shock account for 
about 90% of all long run variation in the variables. If one interprets these shocks as 
”supply side shocks” , then this result gives supportive evidence to the SVAR literature 
making use of the Blanchard-Quah identifying assumption that only supply side shocks 
matter in the long run.

Consumption is strongly driven in the short run by preference shocks that change the 
marginal rate of substitution between consuming today and tomorrow. A positive shock 
to preferences makes consuming today and taking leisure today essentially cheaper, and 
therefore increases current consumption and leisure.

Government spending shocks are found very important for investment at essentially 
all business cycle frequencies. It m atters particularly strongly for investment variations 
up to two years horizon, but still has some effects in the very long run.

To trace out the latent shock processes over time, I run a  smoothing algorithm which 
calculates optimal estimates of the sta te  vector, $t , using all sample information. In other 
words, we want to calculate s (|T. D etails of how the algorithm works are found in Harvey 
(1989). Essentially, it involves running the Kalman filter forwards and backwards. The 
results are plotted in figure 2.2.

It is interesting to see that positive shocks to  the depreciation rate, that is higher 
depreciation rates than in the steady state, coincide with the oil price crises of 1973 
and 1979. Petrol intensive capital will most likely have depreciated faster after the oil 
price hikes. On the other hand, it  is somewhat surprising that the technology shocks 
are positive during that time period. One would imagine that oil price shocks act 
as negative technology shocks. Here, they are seen to have lagged effects only. It 
also interesting to see the spikes in government spending occurring in 1968, during the 
Vietnam war. Another spike occurred just recently, around 2002, maybe because of the 
recent increase in US defence spending as response to September 11, 2001. These results 
should however be treated with great care, as no confidence bounds for the smoothed
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series are yet available.
Finally, I calculated standard deviations of the shock processes for two different 

sample periods. It lias been documented in the literature (see e.g. McConnell and 
Perez-Quiros (2000)) that there occurred a reduction in volatility in US G D P growth 
rates around the first quarter in 1984. There is an ongoing debate about whether th e  
lower volatility since then has been due to policy factors (better monetary or fiscal 
policy), or whether it is the result of unusually quiescent macroeconomic shocks (Stock 
and Watson (2003)). Obviously, the simple R B C  model that I have been using cannot 
answer any questions about monetary policy, but it can help to study whether real 
shocks themselves, one of them being government spending shocks, have become less 
volatile. T h e  estimated standard deviations are given below:

Sample period Standard deviations of latent shock processes
technology preference hours depreciation government

pre-1984  
p ost-1984

0.0123
0.00G4

0.0091
0.0052

0.0284
0.0171

0.0072
0.0013

0.0439
0.0331

Though no statistical inference can be made, from ju st looking at the point estim ates 
it seems th at there has been some reduction in volatility coming from the shock processes 
directly. In particular, it seems that volatility in technology shocks lias been much lower 
since 1984. T he reduction in volatility is proportionally lowest for government spending 
shocks, suggesting that government policy is not responsible for the reduced volatility 
in post-1984 US macroeconomic tim e series data.

2 .5 .6  H as there been  a  stru ctu ra l break  in 1984?
Because it seems there have been some changes around 1984, we now estim ate the 
parameters for the two subsamples separately. The results are found in appendix 2.7.6. 
Inspecting them, we find th at the labor adjustment cost parameter has risen from 2.9 
to 3.9. This increase is ju st about bigger than one standard error, thus it is not entirely 
clear what inference should be drawn. We might regard it, however, as evidence in favor 
of an increase in aggregate labor adjustment costs after 1984.

T he capital adjustment cost parameter has, if anything, become less significant for 
the post-1984 sample. This information is shown in figures 2.3 and 2.4 which show the 
posteriors o f the adjustment cost parameters for the two subsamples, together with their 
priors. Figure 2.3 shows the shift to the right of the posterior of the labor adjustment 
cost param eter, as well as the slight decrease in dispersion. Figure 2.4, instead, shows 
that the means of the two posteriors for the capital adjustment cost parameter are 
virtually unchanged, whilst the dispersion around the p ost-1984 estimate has increased 
visibly. The 95% coverage interval now does not exclude the zero anymore.

W ith regard to the rest of the parameters, there seem to be some changes in the 
persistence and standard deviation parameters. The utility function parameters have
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technology shock process preference shock process

hours shock process depreciation rate shock

government spending shock capital stock

Figure 2.2: The latent shock processes.
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subsamples

Figure 2M: Labor ad ju stm en ts co sts for th e  tw o subsam ples.

F ig u re  2.4 : C ap ital ad ju stm en ts co sts for th e  tw o subsam ples.
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not changed very m uch. Interestingly, in each of th e  subsam ples, p£p is now close to  
one, suggesting th a t  th e  preference shock process follows a  u n it-root. T h is is not the  
case for th e  full sam ple, as th e  above results have shown. T h e  persistence p aram eter of 
the hours shocks seem s to  have decreased significantly after 1984. Given an unchanged  
variance o f the innovations to  th e  hours shock, this would have reduced th e  variance of 
the hours shock series. This is in fact w h at we see in the above table. Equally, th ere  has 
been a reduction in th e standard  deviations of the technology shock and th e  governm ent 
spending shock. Given the very small standard erro rs of th e  tw o shock processes, these  
reductions are  likely to be significant and thus in line w ith th e evidence presented by 
Stock and W atson  (2 0 0 3 ) who argue th a t the lower volatility  in US G D P after 1984 is 
mainly due to less volatile innovations to  the shock processes, in other words sheer luck. 
The only stan d ard  deviation p aram eter th a t is estim ated  bigger in the p o st-1984  sam ple  
is the one of the depreciation ra te  process.

To sum  up, th ere  is some evidence th a t a  break in som e of the stru ctu ral p aram e
ters has o ccu rred  in the first q u arter o f  1984. In p a rticu la r, it seems th a t aggregate  
labor adjustm ent co sts have risen a fte r  1984, and th a t ca p ita l adjustm ent costs have  
becom e insignificant. Fu rth er, there is som e evidence of changes in the p aram eters of 
the shock processes. In particular, th e  stan d ard  deviation o f innovations to  technology  
and governm ent shocks seem to  be som ew hat sm aller after 1984. This points tow ards  
the conclusion o f S tock  and W atson  (2 0 0 3 )  who argue th a t it is pure luck th at US tim e  
series exhibit less volatility after 1984.

2 . 6  C o n c l u s i o n

This p aper has used the standard R B C  model extended for lab o r and cap ital adjustm ent 
costs, and five shocks, to  study three questions; W h at drives th e  US business cycle? How 
im portant are adjustm ent co sts? And has there been a  ch an ge around 1984?

Although th e model is, as any m odel, a  strong sim plification and therefore m isspec- 
ifieation o f reality, mainly because it is missing o u t m o n etary  policy effects, and also  
because th e  governm ent is not treated  appropriately, it does show results th a t have 
clear econom ic m eanings. F irs t, the U S business cycle is m ainly driven by technology  
and hours shocks. Preference shocks m a tte r  for consum ption in the short run, an d  gov
ernm ent spending shocks play a  key role for variation in investm ent. Second, ag gregate  
labor adjustm ent costs are found to  play a  key role, whilst cap ita l adjustm ent costs seem  
not to  m a tte r  very much. T hird , th ere  is some evidence o f  a  stru ctu ral break around  
1984. In p articu lar, labor adjustm ent co sts seem to  have risen and the technology shock  
process becom e less volatile. However, this needs to  be tested  for m ore carefully.

The im p o rtan ce of labor ad ju stm en t costs suggests em pirical research should focus 
on the labor m arket. E stim atin g R B C  models w ith frictions in the lab o r m arket will 
therefore becom e increasingly im p ortan t in future work. F in ally , any realistic m odel of 
the business cyc le should take into accou n t of m on etary  p olicy  effects.
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2 . 7  A p p e n d i x

2.7.1 F irst-order conditions

Tiie first-order optim ality  con d ition s o f the econom ic model are  s ta n d a rd , with the 
exception th a t the firm ’s conditions a re  a little b it m ore awkward to  w rite down because 
of the loglinear n atu re of th e  p ro d u ction  function. F o r com pleteness, 1 briefly sta te  all 
conditions here:

T he household satisfies th e  following optim ality  conditions:

1 =  E t /?(! + r i+i ”  ¿t+i)

«'< =  xefA ?*«?.

(2 .33 )

(2 .34 )

T h e firm ’s first optim ality  conditions are derived as follows. W ritin g  th e  production  
function (2 .5 ) for th e tim e being as

Vt =  a tf { k u h t) -
‘ A fc j 2

Vh A ht
2 mk t- 1_ 2 J h - 1.

Olnyt _  l a»/(

(2 .35)

yt
ipjijt for j  =  k , h  such th at we can  finally write

Vt = a tf ( k t, h t)
(fk (  A kt V h f  A h t Ÿ ]

2 \ h t- !

The first-order conditions are  then  given by:

1

- l

yt j _i AA't 1 _
n  =  « r  -  y & t  <**7— 7—  +  E tht n't-1 k‘t- i

yt T_i A  k t 1
a 7T -  Vt% 0!k ------ -—  +  Et

kt k t - 1 Kt-1
wt

1 +  rt+1 
1

S/i+l^i+Vu-

. 1 +  rt+

AA’i^i 1 

kt kt 
AA>+ i 1

k t k t

(2 .3 0 )

(2 .37)

(2 .38 )

where = l ~  £ k ( A k . \  _  { AI±l \
2 ^ * 1-1 J  2 \̂ ht- 1 J

2-,

Equations (2 .3 3 ) , (2 .3 4 ), (2 .3 7 ) , an d  (2 .38 ) ca n  then be loglinearized to  ob tain  equa
tions (2 .1 4 ) to  (2 .1 7 ) of section  2 .3 .

Finally, the loglinearized version of (2 .7 )  is given by

kt+i ^  (1 — S)kt — SSt T  Sit. 

The rest of th e  s vs tern is stan d ard .

(2 .39)
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2.7.2 K alm an filter equations
L ets rewrite the state space system (2.20) and (2.21) here for ease of text flow:

where we assume i]t is distributed normal (0, E) as in (2.10).
Denoting Et^ i( s t — st\t- i ) ( s t — ¿i|i-i)' now by A^t-i the updating makes use of the 

well-known property of normal variates5 that if

’ s t ~  N  ( ’ Fst\t-i At|£_l A 'V -.P ' '
Ut

^  i ? 1
P$t\t-i t P A tjt-i P A tit-iP 1 .

where st+1|f is the optimal forecast o f the state vector as of tim e t — 1, then the conditional 
density of $t given u t is normal with mean and covariance matrix given by:

The Kalman filter then iterates on the prediction equations (2.45), (2.4G), and on 
the updating equations (2.43), (2.44) to  obtain si|t_ l and for t =  1 , . . . , T  from 
which and can be calculated using (2.24) and (2 .25).

5For an easj' derivation see e.g. Hamilton (1994), pp.100-102.

sf -  F (0)st- \  + Jr)t 
ut -  P{0)st

(2 .4 0 )

(2.41)

and where Qt = P A t\t-\P r-
The optimal forecast of the state  vector and its covariance matrix follow directly 

from (2.40)
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2.7.3 T h e detrended d ata  set

F igu re 2 .5 : T he detrended d a ta  series. Source: B E A  and O E C D .
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2.7.4 P lo ts  o f prior and posterior densities

Figure 2 .f>: A djustm ent cost p aram eters. Dashed line: P rio r , solid line: A sym p totic  

Posterior, h istogram : M CM C results.
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Figure 2 .7 : U tility  function p aram eters. D ashed line: P rio r, solid line: A sym p totic  
Posterior, h istogram : M C M C  results.

Figure 2 .8 : Shock persistence p aram eters. D ashed line: P rio r, solid line: A sym p totic  

Posterior, h istogram : M C M C  results.
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Figure 2.9: Standard deviation parameters of shock innovations. Dashed line: Prior, 
solid line: Asymptotic Posterior, histogram: MCMC results.
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2.7 .5  Forecast Error V ariance Decom positions
quarters shock consumption hours investment output

1 technology 0.3053 0.0407 0.5285 0.9051
preference 0.4321 0.1044 0.0741 0.0103
hours 0.2306 0.8460 0.0186 0.0837
depreciation 0.0097 0.0018 0.0015 0.0002
government 0.0223 0.0071 0.3773 0.0007

4 technology 0.4033 0.0366 0.5746 0.7G50
preference 0.2C32 0.0656 0.0710 0.0187
hours 0.3024 0.8910 0.1239 0.2143
depreciation 0.0040 0.0007 0.0024 0.0018
government 0.0271 O.OOGO 0.2281 0.0002

10 technology 0.4789 0.0277 0.5816 0.6708
preference 0.1239 0.0338 0.0488 0.0152
hours 0.3606 0.9331 0.2355 0.3098
depreciation 0.0085 0.0004 0.0026 0.0033
government 0.0280 0.0050 0.1315 0.0009

40 technology 0.5096 0.0310 0.5573 0.5917
preference 0.0110 0.0218 0.0302 0.0095
hours 0.4109 0.9388 0.3298 0.3894
depreciation 0.0166 0.0025 0.0029 0.0056
government 0.0218 0.0058 0.0798 0.0038

100 technology 0.5041 0.0683 0.5490 0.5722
preferences 0.0288 0.0214 0.0284 0.0089
hours 0.4314 0.8994 0.3446 0.4071
depreciation 0.0165 0.0039 0.0034 0.0067
government 0.0192 O.OOG9 0.0747 0.0051

.UUU AJILMMUI W
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2.7.6 R esu lts of subsam ple estim ations
Pre-1984 sample

Param eter Estim ates from posterior maximization

mode st. err.

r h 2.9427 0.8851

1rk 2.3397 1.0197

1 c 1.4533 0.2371

I h 0.0411 0.0926

P a 0.9210 0.0289

p £P 0.9899 0.0070

P£h 0.9398 0.0247

PS 0.8789 0.0791

Pa 0.8300 0.1314

Oa 0.0089 0.0006

(7 f P 0.019G 0.0085

(7 £h 0.0170 0 . 0 0 2 2

<?s 0.0290 0.0135

°9 0.0343 0.0030

P o st-1984 sample

Param eter Estim ates from posterior maximization

mode st. err.

<e/i 3 .9089 0.814G

yA- 2.2125 1.3830

5'c 1.2514 0.2277

Ih 0.6270 0.0970

Pa 0.9446 0.0151

Per 0.9993 0.0009

p£h 0.8116 0.0798

PS 0.8056 0.0818

Pa 0.8362 0.0515

Oa 0.0049 0.0004
( T ep 0.0236 0.0104

0.0129 0 . 0 0 2 2

<76 0.0608 0.0283

°9 0.0231 0.0016
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i

A bstract

This p ap er addresses the question how m onetary policy shocks and technology' shocks 

affect th e US lab o r m arket. Focu s is on the dynam ics of conditional Beveridge and  

Phillips curves.

Conditional correlations reveal th a t it is mainly the m on etary  shock th at generates  

th e negative slopes of the Beveridge and Phillips curves. T h e technology shock instead  

seems to  be shifting the two curves. T h e  business cycle o f th e  labor m arket thus seem s to  

be a  m onetary  phenomenon. Looking a t variance decom positions we find th at although  

output is m ainly affected by the technology shock, lab o r m arket variables are  m ainly  

affected by m o n etary  shocks.
Finally, a  New Keynesian D S G E  model with a non-W alrasian  labor m arket is es

tim ated  using impulse response m atch in g  techniques. T hou gh m ost impulse responses ■,
can  be replicated  fairly well, som e p aram eter estim ates are  crossly a t odds with th e  mi- 

croecon om etric evidence. M oreover, th e  model fails to  explain  unem ploym ent behavior 

in response to  th e m onetary shock, th e  very variable th e  model aims to  explain. !
3 . 1  I n tr o d u c t io n  [

Policy discussion on the econom y often centers around unem ploym ent issues. This is 

tru e  in m ost o f th e European countries, which have been experiencing persistently  high 

unem ploym ent ra tes  over th e  last couple of decades, and  it is true for the U SA  where |

cyclical unem ploym ent variations have usually played a  key role in election ou tcom es. It 

is therefore surprising th at sta n d a rd  m acroeconom ic m odels until recently have usually

79
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ignored unem ploym ent. T his is also tru e for the fully-specified New K eynesian models 

of Sm ets and W outers ( 2 0 0 2 ) and C hristiano, Eichenbaum  and Evans (2 0 0 5 ) (henceforth  
C E E ) ) . 1

Only recently  a  stran d  of th e literatu re  has finally begun to  include equilibrium un

em ploym ent theory in D S G E  m odels through a m atch in g  m odel of th e  lab or m arket (see  

M erz (1 9 9 5 ) and A ndolfatto  (199G) for an R B C  m odel fram ew ork, and THgari (2 0 0 4 ), 

W alsh (2 0 0 3 ) , Christoffel e t al (2 0 0 5 ) , or B rau n  (2 0 0 5 ) for a  New K eynesian fram ew ork). 

W h ilst th e  first set of p ap ers w ere calib rated  to  m atch  unconditional first and second  

m om ents, th e  second set o f  papers used m ore formal estim atio n  techniques. In p artic

ular, lY igari and Braun use im pulse response m atch in g  techniques, w hilst Christoffel 

et al use B ayesian estim ation  techniques. Som ew hat surprisingly though, and to  th e  

best of m y knowledge, none of th e  papers actually  tries to  explain unem ploym ent in th e  
estim ation .

T h is is som ew hat discom forting given th e im p o rtan ce a ttrib u ted  to  unem ploym ent 

in th e  political debate. Policy  m akers surely w ant to  know how m uch im pact th eir  

decisions will have on th e unem ploym ent ra te . This p a p e r tries to  answ er th a t  question  

from  two different perspectives: F irs t , a  very general tim e series m odel is used with as few  

assum ptions as possible. In p articu lar, we m ake use o f stru ctu ra l V AR analysis to  ju s t  

identify m o n etary  policy shocks an d  technology shocks. Second, a  tightly  param eterized  

D S G E  m odel w ith a m atch in g  lab o r m arket is then used to  rationalize th e  em pirical 

findings. In p articu lar, th e  m od el’s p aram eters are  estim ated  and th e  m odel is evaluated  

by its  ability to  m atch  th e  im pulse responses from th e  V A R .

T h e key findings can b e sum m arized as follows: C ondition al co rrelation  analysis re 

veals th a t th e  strong negative relationship  between unem ploym ent and vacancies, th e  

Beveridge cu rve, found in the d a ta  is m ainly th e resu lt of m on etary  policy shocks. 

M onetary  easing sends th e  econom y into  boom , profits rise as do vacancies and unem 

ploym ent falls. In effect, this leads to  a  clockwise m ove along th e  downward sloping  

Beveridge curve. Technology shocks also add to  som e e x te n t, though less significantly, 

to  th e  negative slope of th e  Beveridge curve. In effect, o u tp u t rises, unem ploym ent falls 

and vacancies rise.

T h e  Phillips curve, how ever, is entirely  driven by m o n etary  shocks. Inflation rises 

sluggishly after an interest ra te  cu t, w hilst unem ploym ent falls significantly. Technology  

shocks instead have very lim ited effects on inflation an d  unem ploym ent. If anything, 

then technology shocks affects th em  in th e  sam e d irection . T hese findings should not 

be very surprising, given th a t m ost econom ists believe m on etary  policy m atters  m ore  

for business cycles than do technology shocks.

Looking at impulse responses, these findings are su p p orted . M on etary  shocks have 

stron g  and significant im p acts on th e US labor m ark et. In p articu lar, an interest rate

1A noteworthy exception is Gali (1995, 1996) who incorporates involuntary unemployment in a 
DSGE modelling framework.
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cut reduces unem ploym ent an d  in creases vacancies sim ultaneously (Beveridge cu rve). 

The responses are  hum p-shaped w ith a  m axim um  im pact after around 2 years, before 

fading out to  stead y -sta te  levels. T h ou gh  the technology shock is found to have the 

same qualitative effects on unem ploym ent and vacancies, those effects are generally not 

significantly different from zero.

The m on etary  shock also affects th e  dynam ics of the Phillips curve. W hilst un

employment follows an im m ediate hum p-shaped p a tte rn , inflation first falls (th e  price 

puzzle) before it begins to  rise very sluggishly w ith a  m axim um  reached only after 3 

years. T h e  absolute correlation betw een unem ploym ent and inflation is biggest when 

inflation is shifted forward 2  to  3 q u arters . The responses of inflation and unem ploym ent 

to  technolog)' shocks move - if an y th in g  - in the sam e direction: both unem ploym ent 

and inflation fall. T hus, technology shocks fail to  explain  th e Phillips curve.

Finally, variance decom positions supp ort the claim  th a t  the US labor m arket is 

mainly driven by m onetary policy shocks. A round 20 p ercen t of the variation in un

em ploym ent an d  vacancies a t  business cycle frequencies is explained by the m onetary  

shock.

After having presented and discussed the results from  th e  SVAR, th e p aper takes 

these results as em pirical facts and tries to  explain them  w ithin a  fully specified New Key

nesian D SG E m odel which con tain s on ly  a  small num ber of stru ctu ral param eters. T he  

key feature of th e  DSGE m odel is a  non-W alrasian  lab or m ark et with search frictions. 

Unem ploym ent thus exists in equilibrium  and can  be given a  meaningful in terpretation  

in the m odel. T h e m odel’s s tru ctu ra l param eters are  estim ated  via the im pulse-response  

m atching m ethod of, am ongst o th ers, R otem berg and W oodford (1998) and C E E . T he  

key findings are , first, some p ara m e te r estim ates are  stron gly  at odds with the m icro- 

econom etric evidence. Second, even though the m odel generally succeeds in m atching  

th e impulse responses, it fails to  exp lain  the response of unem ploym ent to  th e m one

tary  policy shock. And third, the estim ated  model shows virtually no response to  the  

technology shock.

This paper builds on recent work by B rau n (2 0 0 5 ) and Trigari (2 0 0 3 , 2 0 0 4 ) who 

study and evaluate the effects of m o n etary  policy shocks within a D SG E settin g . W'e 

extent their analyzes by jointly  identifying a m onetary  policy shock and a  perm anent 

technology shock within th e m odel. W e highlight the effects of those shocks on the  

US labor m arket by including all key lab or m arket variables - including unem ploym ent 

- in the analysis. W e first em ploy a  stru ctu ral VAR analysis to  em pirically evaluate  

conditional correlations, dynam ic responses, and variance decom positions. W e then try  

to  explain those findings within a New Keynesian m odel fram ework th a t includes a  

m atching model of the labor m arket.
The stru ctu re  of the p aper is as follows: The n ext section reviews key stylized facts  of 

th e US labor m arket. Section 3 then discusses our stru ctu ra l VAR analysis. W:e  explain  

the identifying assum ptions, estim atio n  m ethod, an d  report key results. Section 4 sets
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up th e econom ic model try in g  to  rationalize th e  em pirical results. T h e m odel is then  

estim ated  using impulse response m atching techniques in section 5 . F inally, section 6  

concludes.

3 . 2  S ty l iz e d  U S  la b o r  m a r k e t  fa c t s

S tan d ard  discussions of key US lab o r m arket ch aracteristics  usually focus on the behav

ior of em ploym ent and ag greg ate  o r p er cap ita  hours worked over th e  cycle (see K ydland

(1 9 9 5 ) , or Gali (1 9 9 5 )). T h is is n atu ra l given th e  exclusion of unem ploym ent as an inde

pendent variable from early  D S G E  m odels. A gg reg ate  hours worked is highly procyclical 

w ith a  contem poraneous correlation  coefficient w ith real G N P of 0 .9 . Roughly tw o-thirds  

of variation  in aggregate hours is due to  em ploym ent variation, th e  o ther one-third d u e  

to  v ariation  in hours p er worker (see Kydland (1 9 9 5 )) .

This p ap er instead focuses on unem ploym ent, vacancies, and inflation, w ith em phasis 

on unem ploym ent. We therefore plot unem ploym ent against real G D P, vacancies an d  

inflation. F ig u re  3.1 reveals the ty p ical negative correlation  between unem ploym ent an d  

G D P  known a s  Okun’s law. T h e  unem ploym ent series is of lower frequency than th e  

cyclical G D P  series.

M ore im p ortan tly  for this p ap e r, th e second panel shows the alm ost p erfect negative  

correlation  betw een unem ploym ent and vacancies as m easured by the help-w anted in

dex. This n egative relationship betw een unem ploym ent and vacancies is known as th e  

Beveridge cu rve. B oth  series have been rising som ew hat during th e  70s, b u t otherw ise  

look ra th er stationary. O ne of th e  aim s of this p ap er is to  recover th e  different econom ic  

sources causing this relationship.

T h e last panel shows th e  relationship  between unem ploym ent an d  inflation, generally  

known as Phillips curve. T hough th ere  are clear periods during which th e  two series 

m ove in op p osite  directions (e.g. th e  50s and 6 0 s , as well as from th e  80s to  th e  present), 

th ere  has been a  long period during th e 70s during w hich the unem ploym ent rate  has  

been lagging behind inflation b u t otherw ise m oving in th e sam e direction . This period  

has becom e known as stagflation  during which inflation and unem ploym ent remain a t  

very high levels. A second o b jective of the p aper is to  explain the causes o f th e  generally  

negative, b u t som etim es positive relationship betw een unem ploym ent and inflation.

T h e sam e inform ation is shown in figure 3 .2  which presents the Beveridge an d  Phillips 

curves in typ ical scatterp lots. A s expected  th ere  is a  strong negative relationship be

tw een unem ploym ent an d  vacancies. During a  boom , m ore vacancies are  posted and  

unem ploym ent is low, th e  opposite holds during recessions. Interestingly, th e  figure also 

highlights im p o rtan t shifts of the B everidge curve. In p articu lar during th e 70s the curve 

has been shifting outw ards with unem ploym ent and vacancies rising simultaneously.

T h e  lower panel of figure 3 .2  shows a  plot of th e  Phillips curve. T h e relationship is by 

far less stro n g  th a n  the B everidge curve. Again we n otice  the outw ard shift of th e Phillips



U
ne

m
pl

oy
m

en
t r

at
e 

(s
ol

id
 li

n±
Jn

em
pl

oy
m

en
t r

at
e 

(s
ol

id
 li

nf
cjn

em
pl

oy
m

en
t r

at
e 

(s
ol

id
 li

ne
)

C hapter 3: B ev eridge and P hillips cu rves 8 3

Unemployment and GDP

Figure 3.1: U nem ploym ent, V acancies, and Inflation

In
fla

tio
n 

ra
te

 (d
as

he
d 

lin
e)



C h ap ter  3 : B everidge a n d  P h illip s  cu rves 84

Beveridge Curve

Phillips Curve

Figure 3 .2 : T h e  U S B everidge and Phillips Curves

cu rve during th e 70s, and th e disinflation an d  increase in unem ploym ent in th e early  

80s. Looking ahead , it will th erefore be necessary  in th e  sta tistical analysis to  estim ate  

tru ly  s tru ctu ra l relationships th a t  will rem ain  unchanged during policy interventions.

Table 3 .1  sum m arizes th e  findings using H P-filtered d a ta  with a  sm oothing param eter  

o f 1 0 s w hich is th e  value suggested in Shinier (2 0 0 5 ) . U nem ploym ent is countercyclical, 

and stron gly  negatively co rrelated  w ith  vacancies (th e  correlation  coefficient is -0 .904 )  

w hich are them selves procyclical. U nem ploym ent and inflation is only weakly negatively  

co rrelated  w ith  a  correlation coefficient of - 0 .2 1 1 .

T o in v estig ate  the causal effects o f  th e ab ove results, th e next section sets up a  struc
tu ra l V A R m odel which im poses ju s t enough restriction s as necessary to  just-identify  
th e  two shocks o f  interest: the m o n etary  policy shock an d  th e technology shock.
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Table 3 .1 : Crosscorrelations

G D P Unem ploym ent V acancies Inflation
G D P 1 . 0 0 0 -0 .737 0 .7 9 2 0 .119

U nem ploym ent — 1 . 0 0 0 -0 .9 0 4 - 0 . 2 1 1

V acancies — — 1 . 0 0 0 0 .1 6 7
Inflation — — — 1 . 0 0 0

3 . 3  S tr u c tu r a l  V A R  A n a ly s is :  M a c r o e c o n o m ic  S h o c k s  

a n d  t h e  U S  la b o r  m a r k e t

This section uses a  SVAR m ethodology to  analyze th e determ in ants of US Beveridge  
and Phillips curves. W e first discuss th e  SVAR m odel, its  identifying assum ptions and  
the estim ation  procedure. W e then stu d y  the im pacts of th e  two identified shocks, a  
m onetary shock and a  technology sh ock , on the econom y. To this end we calcu late  
conditional correlations, im pulse responses and variance decom positions.

3.3.1 T h e  SV A R  m odel

This section discusses the SV A R  m odel, its identifying assum ptions and th e estim ation  
procedure. W e identify two stru ctu ra l shocks: a  m on etary  policy shock an d  a  technology  
shock. To achieve identification we m ak e use of a  recursiveness assum ption and a  long 
run a  restriction . In p articu lar, we follow C E E  in assum ing th at th e  only variable  
responding on im p act to  a  m on etary  policy shock is th e  Federal Funds rate . All o th er  
variables in th e VAR respond with a  lag  only. T h e  long-run restriction  follows Gali 
(1999) and implies th a t the only shock allowed to  have a  perm anent effect on lab or  
productivity  is th e  technology shock.

In effect, we m ake use o f the sam e set of identifying assum ptions used in A ltig, 
C hristiano, Eichenbaum  and Linde (2 0 0 5 )  (henceforth A C E L ). We differ from A C E L  by 
focussing explicitly  on the labor m ark et. R elated studies using a  SV A R  m ethodology  
to  study th e US labor m arket are  B ra u n  et al (2 0 0 5 ) , F u jita  (2 0 0 5 ), M icheiacei and  
Lopez-Salido (2 0 0 4 ) and R avn (2 0 0 5 ) .

B raun et al (2 0 0 5 ) use sign restriction s on non-labor m arket variables to  identify four 
shocks and their effects on th e  lab o r m arket variables. F u jita  (2005) uses a  triv a ria te  
V A R using sign restrictions to  identify an aggregate shock. M ichelaeci and Lopez- 
Salido (2 0 0 4 ) use different triv aria te  SV A R models to  disentangle a  n eu tral technology  
shock an d  an em bodied technology shock. They do n o t, however, estim ate  th e  two 
shocks jointly. R avn (2005) jointly  identifies a  technology shock an d  a  governm ent 
spending shock an d  finds th a t his th eoretical D S G E  m odel can  successfully acco u n t for 
the responses of th e  output variables, but not for those o f th e  labor m ark et variables.

This p aper differs from th e  ones ju s t m entioned because it  tries to  jo in tly  estim a te  th e  
responses to  a  m on etary  policy shock an d  a  technology shock by using tw o identification  
assum ptions th a t have becom e fairlj' accepted am ongst econom ists. W e believe our
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identifying assum ptions are  m ore credible because th ey  are  firmly grounded in eco n o m ic  
theory. No arb itrary  assu m p tion s on th e  length of sign restrictions need to  be m ade. W e  
do take n otice , however, of recen t criticism s of long-run restrictions in th e  lite ra tu re . 2

W e now develop som e n o ta tio n  and discuss th e  identifying assum ptions in s o m e  
detail. T h e tim e series used in th e  SV A R  estim atio n  are  labor productivity , h o u rs  
worked, a  m easure of th e  real w age, inflation, unem ploym ent and vacancy ra te s , th e  j o b  
finding probability as m easu red  by Shinier (2 0 0 5 ) and th e federal funds ra te . T he v e c to r  
Yt can thus be w ritten as:

A a t

ht
wt

Yt = 7h 
Ut
Vt
f t

L f i t .

A  a t 
Y u  
f i t

( 3 . 1 )

where a t is labor p ro d u ctiv ity  m easu red  a s  In(G D P t/ h t), h t is th e  log o f  hours w o rk ed  
p er cap ita , 7Tt is the inflation ra te , ut is th e  log o f th e  unem ploym ent ra te , r* is t h e  
log of th e  v acan cy  ra te  o b tain ed  by dividing th e help-w anted index by a  m easu re o f  
working age population, f t  is S h im er’s job  finding probability and f  f t  is th e  fed era l  
funds ra te . Y\%t — ft ] '  is used to  presen t th e VAR in a co m p a ct form  in
th e  subsequent analysis. T o  con form  w ith th e econ om ic m odel /»*, ut and Vt a re  e x p re sse d  
in per ca p ita  term s by dividing th ro u g h  by a  m easu re of working age population. T h e  
real wage series is real com p en sation  p er hour taken from  the B LS. All series are  p u b licly  
available and taken from th e  B E  A , B L S  and S t. Louis Fed. T h e jo b  finding p ro b ab ility  
is taken from  R obert Shim er (2 0 0 5 )  and m easures th e  probability th a t any individual 
unem ployed worker finds a  job. S h im er argues th a t  it  is th e  job  finding ra te  th a t m a tte r s  
for the business cycle, ra th e r  th a n  th e  jo b  sep aratio n  ra te . W e therefore do not in clu d e  
th e  job  separation  rate  w ithin th e  V A R  and do not m odel endogenous jo b  sep aration  in  
th e  D SG E m odel.

All variables other th a n  lab o r p ro d u ctiv ity  are  included in levels. A  linear tren d  is  
fitted  to  th e  real wage series before th e  system  is estim ated  (see also A C E L ). Unit r o o ts  
a re  not exp licitly  taken in to  a cco u n t. T h is can  be justified  by the results o f  Sims, S to ck  
an d  W atson  (1 9 9 0 ). It should also  be noted th a t  th e  only theoretically  n o n sta tio n a ry  
variable in I f is the real wrage an d  if  w e  are  to  tak e o u r  D S G E  m odel seriously wre should  
tre a t  all o th er variables as sta tio n ary , a t  least from  a  D S G E  m odelling p ersp ective. 
T h e  sam ple period runs from  1959Q 1 to  2 0 0 1 Q 4 an d  corresponds to  the sam ple used in  
A C E L .

2For a recent assessment see Christiano, Eichenbaum and Vigfusson (2 0 0 0 ) and Erceg, Guerrieri and 
Gust (2004). For a critique of SVAR with long-run restrictions see Erceg, Guerrieri and Gust (2004) 
and Chari, Kehoe and McGrattan (2005), and somewhat older see Faust and Leeper (1997).
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We now write the structural VAR as follows:

A{L)Yt =  s t (3.2)

where A (L )  =  A0 + A \L + A 2L 2+ ... 4- AVIP ?  Write a generic element of A(L) as a{L )itj, 
and let the structural shocks be given by:

£t (3.3)

where s“ is the technology shock, e } '  the vector of shocks corresponding to Yitt, and 
s { *  the monetary policy shock. We are now ready to explain our identifying assumptions.

Id en tify in g  th e  m o n e ta ry  po licy  shock

The monetary policy shock is identified by assuming that only the interest rate responds 
on impact to a monetary policy shock. In other words, all other variables in the system 
respond with a lag to a monetary policy shock.

Thus, we can impose the following recursive, block-triangular structure on the A q 

matrix:

[ X . a<L,2 0

11o

a 2.1 a 2.2 0

. a 3 , l a 3.2 a 3.3 J

Writing out (3) line by line, the interest rate equation reads as follows:

a 3,3 f  f t  ~  ~  y !  al l & a t - j  ~~ ^  ̂ — ^ ! ° 3 , 3 f  f t - j  +

(3.4)

(3.5)
o j=0 J = 1

and can be estimated by OLS because the monetary policy shock is assumed to be 
orthogonal to the regressors. Running OLS then naturally sets the sample correlation 
to zero. The other equations read as:

a j  jA at

✓V0 V  1 ,t

~ ¿ a u A a<-j -  ¿ cSuYu-j -  ¿  ai.Jft-j  +  i?
3= 1 3=0 i=l

-  5 3  ° í  i A a ' - i  -  5 3  ° 2.2vV i-j -  53 °2.3 / S t s + ? r
1=0 1 i=i

(3.6)

(3.7)

3In the actual estimation we follow the literature and include p — 4 lags in the VAR.
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Id e n tify in g  th e  tech n o lo g y  sh o ck

T o identify th e  technology shock we follow G ali (1 9 9 9 ) who draws upon work by Shapiro  
and W atson  (1 9 8 8 ) and B la n ch a rd  an d  Q uah (1 9 8 9 ) in assum ing th a t th e  technology  
shock is th e  only shock th a t  h as a  p erm an en t effect on lab or productivity .

W e m i t e  th e  SVAH in its s tru c tu ra l m oving average representation:

Vi -  C { L ) t t ( 3 .8 )

The identifying assum ption  tra n sla te s  in to  zero entries in th e  last colum ns of th e  
first row o f th e  long-run im p a ct m a tr ix , C ( l ) ,

C(1) =
ci,i(l) 0 0
C2, l ( l )  <?2 ,2  ( 1 ) 0 2 ,3 ( 1 ) 
03,1(1) 03,2(1) 03,3(1)

( 3 .9 )

The restrictio n s on th e  long-run im p act m a trix  th en  tran slate  into corresponding  
restriction s on  A ( l )  =  C '( l ) “ 1. A ssum ing th a t  C ( l )  is indeed invertible, we can th e n  
w rite the m a tr ix  A (l )  as follows4

A{1) =
a  u ( l )  0  0

<*2, l ( l )  <2 2 ,2 ( 1 ) 0 2 ,3 (1 )
<*3,1 ( l )  < * 3 ,2 (1 )  0 3 ,3 ( 1 )

(3 .1 0 )

T o im pose those restrictio n s we follow S h ap iro  an d  W atson (1 9 8 8 ) an d  rew rite th e  
m a trix  lag  polynom ial A {L )  as follows:5

A (L)  =  A ( l)  +  ( 1  -  L )A (L )  (3 .1 1 )

R ew riting (3 .2 )  using (3 .1 1 )  we therefore ob tain  

A (l)Y t +  ( l - L ) A ( L ) Y t = e t (3 .1 2 )

w here A(Z/) =  Aq -|- A\L H- A 2L?  T  * • • -f- Ap—xLP h

4For a more detailed discussion see Shapiro and Watson (1988). Note also that Shapiro and Watson 
were the first to find a fall in hours worked on impact of a technology shock (see their figure 2.) This 
seems to have gone unnoticed since.

5 A constructive proof goes as follows:

A(L) =  A0 + AiL + A2L2 + • ■ • + APU

Writing out (9) we obtain:

A q^ -A i L -\-A 2 L 2-\------ \~ApL p =  A q-\-A i + A 2 + -  • * + A p + ( l  — L ) A o + ( l —L ) A \L + -  - + ( 1 —L )A P- \ L P
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Im posing th is condition on eq u ation  (3 .6 ) we obtain:

p  p - i  p - i

a ?  iA<z< =  — Qj ^  0 i  2A Y u - j  — ¿"j 3 A / / t _ j  +  £ j (3 .1 3 )
j = i  j = o  j = l

Now because a °  j  ^  0, A K iti will be correlated with £“ because of equation (3 .7 ) .  We 
therefore can n o t use OLS to  e stim ate  (3 .6 ), but instead need to  refer to  Instrum ental 
Variables (IV ) estim ation  choosing as instrum ents a  co n stan t, A a t- j ,  Y\,t-j, and ƒ  
for j  =  1 , 2 , . . .  ,p .

Finally, we need to  estim ate th e  block o f equations (3 .7 ) . Because A a t is correlated  
with s}' (b ecau se of equation (3 .6 ) ) ,  and  because ^  0 leads to  sim ultaneity o f  the  
variables in Y\tt, we again need to refer to  IV estim ation. T his is done using th e  sam e  
set of in stru m en ts as before plus th e  residuals from  equation (3.13) and those from  
th e recursive sy stem  (3 .7 ). T h e residuals from (3 .1 3 ) a re  by their stru ctu ral n atu re  
u n correlated  w ith  s}' and because o f  (3.G) correlated with th e  regressor A a*. T hus they  
qualify as instrum ents. B y co n stru ction  the sam ple correlation  between the s tru ctu ra l  
shocks is then se t to  zero.

Having discussed our two identifying assum ptions and explained the estim ation  pro
cedure, wo next tu rn  to  analyze th e results from th e V A R . W e first look a t conditional 
correlations and then study im pulse responses an d  varian ce decom positions. All esti
m ations wore done in M at lab. 6

3 .3 .2  C orrelation A nalysis
T o study th e effect of the two shocks on the Beveridge and Phillips curves. wfe calcu late  
conditional to r  relations by sim ulating counter factual d a ta  from  the estim ated V A R . In 
p articu lar, wo use the estim ated V A R and the stru ctu ral shocks and feed in only one of 
th e shocks a t a  tim e. In effect, wo sim ulate artificial d a ta  as follow's:

And equating coefficients gives the recursive system:

A0

A(]

At -  Ào

Ài

A,

Ao -  Ao — A i — ■ - - — Ap
p

- 2>»=1
Aí

p

- 5 >
i= 2

P

- 2>
*=j+l

Ap - i -A p

6IIeavy use was made of Larry Christiano's Matlab files.
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V t  =  A ) ^  -  M y t - \ ------------K i t - p )  (3 .14)

where i t has only one non-zero elem ent, nam ely th e  estim ated  s tru c tu ra l shock which 
we use to  sim ulate the d a ta . F igu re 3 .3  shows unconditional and con d ition al sca tter plots 
of actu al and  simulated data.

0 .5
Beveridge curve 10 Phillips curve

- 0 .4  - 0 . 2  0 0 .2  0 .4  0 .6
Beveridge curve conditional on TECH shock

I

- 5  I------------- ■------------- ■
- 0 . 4  - 0 . 2  O 0 .2  0 .4  0 .6

xRftytfcs curve conditional on TECH shock
0.2

- 0.2 *-------------------- ---------- ---------- ---------- -
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- 0 .1  - 0 . 0 5  O 0 .0 5  0 .1
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-0 .1  - 0 . 0 5  0  0 .0 5  0 .1
unemployment

F ig u re  3.3 : S ca tterp lo ts

T h e to p  panels reveal th e stron g  negative B everidge curve relationship and the much 
weaker Phillips curve relationship m entioned in section 3 .2 . Interestingly th e  technology  
shock does not add very much to  eith er of th e  curves. Instead it even seem s to  induce 
a  positive correlation in th e  Phillips curve. In other w ords, the technology shock seems 
to  b e shifting both curves ra th er th a n  leading to  m oves along them .

This is dram atically different for th e federal funds r a te  shock (h ere F F ) :  The federal 
funds shock induces a stron g  n egative relationship betw een vacancies and unemployment 
and is thus m ainly responsible for th e  unconditional B everidge curve. A cu t in th e federal 
funds ra te  sends the econom y into a  boom , raising ag gregate dem and and vacancies and  
lowering unem ploym ent. A t th e  sam e tim e, th e  rise in aggregate dem and increases 
inflation. T his induces th e  m uch weaker negative correlation  betw een unemployment 
and inflation seen in the b o tto m  right panel o f figure 3 .3 .

H aving presented scatterp lo ts of counterfactual d a ta  generated by feeding in only 
one shock a t a  tim e, we now ca lcu la te  conditional cro ss au to co rrelation  function. In
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u n c o n d i t i o n a l  c o r r e l a t i o n :  L I N E  w i t h  l a g g e d  V A C

c o n d i t i o n a l  ( o n  F F  s h o c k )

u n c o n d i t i o n a l  c o r r e l a t i o n :  U N E  w i t h  l a g g e d  I N F

c o n d i t i o n a l  ( o n  T E C H  s h o c k )

c o n d i t i o n a l  ( o n  F F  s h o c k )

Figu re 3 .4 : D ynam ic C rosscorrelation s and 9 5  p ercen t confidence intervals

other words, we are  interested in th e  co-inoveinent o f unem ploym ent with lagged and  
led vacancies an d  inflation conditional on either o f th e  tw o shocks. Figure 3 .4  shows 
the results. The left panel shows th e  exp ected  results: unem ploym ent and vacancies are  
strongly negatively correlated and th e  effect is stron g est a t  contem poraneous lags.

Inflation instead seems to be leading unem ploym ent som ew hat (see top  right panel 
showing unconditional correlations). T h e contem poraneous effect of the technology  
shock on the Phillips curve is not significantly different from  zero. However, th e federal 
funds ra te  shock does reveal a  stron g  negative co rrelation  between unem ploym ent and  
led inflation. Inflation seems to  be leading unem ploym ent by around 4 quarters. T h is is 
interesting given th e sluggish n atu re  o f inflation which m igh t one lead to  expect inflation  
was lagging. B u t th e  delayed effects of business cycle fluctuations on unem ploym ent 
seem to be stronger than those on inflation.

3.3.3 Im pulse Responses
This section discusses the dynam ic im p acts  of the two shocks in greater detail by looking  
at impulse response functions. F igu res 3.5 and 3.G show point estim ates of the im pulse 
responses togeth er with their 95 p ercen t confidence in tervals.'

A cut in the Federal Funds ra te  by one standard  d eviation , or around GO basis points, 
increases output by a  m axim um  im p a ct of 0.4 percen t a f te r  around G q u arters. All 
variables o th er th an  the real wage re a c t statistically  different from zero. The responses  
of the labor m arket variables virtu ally  m irror each o th er; unem ploym ent and vacan cies,

Confidence intervals were computed as in ACEL. The}' bootstrap 1,000 impulse responses, calculate 
standard deviations and assume pointwise normality of the impulse response functions.
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F e d  F u n d s  S h o c k

O u t p u t

Figure 3.5: Impulse Responses to monetary shock and 95 percent confidence intervals

however, falling, respectively, rising much stronger than hours worked. In particular, 
unemployment responds in a reversed hump-shaped manner and reaches a minimum of 
-3 percent from steady state after around 8 quarters. The response of vacancies mirrors 
the one for unemployment. The economic model will help us clarifying what is going 
on in the economy. Looking ahead it seems likely that after a nominal interest rate cut 
- and because prices adjust only slowly - the real rate will fall. Current consumption 
and investment become relatively cheap which increases demand for output. Thus, 
output rises leading to a fall in unemployment and a rise in hours worked and vacancies. 
Inflation instead responds much more sluggishly to the rate cute, initially even falling. 
It rises to a maximum only after around 12 quarters. It will be difficult for the economic 
model to capture this sluggishness in inflation.

The effects of the technolog}' shock on the economy are less clear. In general, most 
responses are not significantly different from zero. There are, however, some exceptions:
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O utput rises by assum ption. Hours worked rise on im p act, before dipping som ewhat 
during qu arters 2  to  4. They then s ta r t  rising again reaching a m axim um  of 0.4 percent 
above stead y  s ta te  a t quarter 5 . H ours rem ain significantly positive up to  around q u arter
15. T he evidence presented here is th erefore m ore in line w ith  the results of C hristiano, 
Eichenbaum  an d  Vigfusson (2 003) ra th e r  than w ith those o f Gali (1 9 9 9 ).

T e c h n o lo g y  S h o c k

O u t p u t H o u r s

Figure 3.G: Im pulse Responses to technology shock and 95  percent confidence intervals

The responses of the o th er variables are qualitatively sim ilar to  those of the m on etary  
policy shock, w ith th e only exception  th at inflation - if anything - seems to  be falling. 
A gain, technology shocks by them selves cannot explain th e  Phillips curve. This needs 
to  be in terp reted  with care, however, because m ost impulse responses to  the technology  
shock are not significantly different from  zero.
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Table 3.2: Variance decomposition

Variance due to Technology Shock
quarters 1 5 10 20
Output 0.424 0.287 0.300 0,340
Hours 0.303 0.142 0.188 0.195
Wage 0.188 0.074 0.068 0.071

Inflation 0.026 0.058 0.061 0.062
Unemployment 0.032 0.019 0.041 0.038

Vacancies 0.009 0.054 0.058 0.050
Job finding 0.000 0.029 0.042 0.037
Fed Funds 0.003 0.002 0.006 0.012

Variance due to Monetary Policy Shock
Output 0 0.087 0.146 0.133
Hours 0 0.079 0.200 0.223
Wage 0 0.015 0.014 0.009

Inflation 0 0.036 0.051 0.084
Unemployment 0 0.065 0.184 0.200

Vacancies 0 0.111 0.228 0.210
Job finding 0 0.071 0.178 0.188
Fed Funds 0.878 0.323 0.216 0.210

3 .3 .4  V ariance D ecom positions

Finally, we present variance decompositions showing how much of the variation in a 
particular variable is due to either of the two shocks. Table 3.2 summarizes the results: 
Output is mainly affected by technology shocks - their effect however following a U- 
shaped pattern with the forecast horizon. Most labor market variables, however, are 
affected stronger by the monetary policy shock. In particular, around 20 percent of 
variation in unemployment and vacancies at business cycle frequencies is explained by 
the monetary policy shock.

Summing up, the evidence suggests it is necessary to include a monetary policy shock 
in economic models of the labor market. The well-known Beveridge and Phillips curves 
are mainly caused by monetary policy shocks. Even though technology shocks seem to 
matter for output fluctuations, mainly monetary policy shocks cause variation in labor 
market variables at the business cycle frequency.

The next section develops an economic model that will help to understand the work
ings of the economy underlying the empirical findings.
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3 . 4  M o d e l l in g  u n e m p lo y m e n t ,  v a c a n c ie s  a n d  in fla 

t io n

To jointly model the responses of unemployment, vacancies and inflation to monetary 
policy and technology shocks we incorporate a matching model of the labor market into 
an otherwise standard New Keynesian D SGE model in which monetary' shocks have 
real effects because of price rigidities. The model setup is similar to the one in THgari 
(2003).

To make the economic model consistent with the identifying assumptions of the VAR 
we need to make two important extensions: First, the m onetary policy shock in the VAR 
is identified by assuming that the only variable reacting on impact to a monetary policy 
shock is the nominal interest rate itself. All other variables respond with a lag. Thus, 
the economic model needs to reflect this timing assumption. It is imposed within the 
model by forcing agents to base their period-t decisions on information of the technology 
shock up to period t, but on information of the monetary policy shock up to period t-1 
only. In other words, all conditional expectations in the model are written as E(xt+a\Qt) 
where Qt = {c?.*, * =  0, . . . , o o } .

Second, because the technology shock is identified as the only shock having a  perma
nent effect on labor productivity in the long run, we follow Ireland (2004) and implement 
this assumption within the economic model by assuming the technology process follows 
a random walk with possibly au to correlated error term.

The economy consists of four types of agents: households, two types of firms, and 
a central bank. The decision problems of the agents will be discussed in the following 
sections.

We briefly outline the structure of the economy first: Households consume, search 
for jobs, bargain if matched with a firm and work or are unemployed. The production 
sector consists of two types of firms: perfectly competitive intermediate goods firms, and 
monopolistically competitive final goods retail firms. M atching and production takes 
place in the intermediate goods sector. Firms post vacancies, bargain if matched with an 
unemployed worker and produce the intermediate good under a  standard Cobb-Douglas 
production function. Retail sector firms then buy the intermediate good, differentiate 
it and sell it in a monopolistically competitive product market. Price rigidities are 
introduced through a Calvo price setting mechanism. Because of the distinction be
tween intermediate goods firms and final goods firms we can separate the matching and 
production decision from the price-setting decision. Finally, the central bank sets the 
nominal interest rate according to a  Taylor-type monetary policy rule.

3 .4 .1  Households
T he economy consists of many households. These households all have the same utility 
functions and differ only to the extent that some of them are employed whilst others are 
unemployed. Because this would make households heterogeneous with respect to their 
wealth positions (because of their different employment histories), we assume households 
pool all their income and thereby insure each other against idiosyncratic income risk.
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We now describe the preferences of our representative household:
The infinitely-lived representative household receives utility over consumption and 

leisure. In particular, we assume the household maximizes the following utility function 
over consumption, leisure, and bond holdings:

00 r h 1 + *
E t  =  £ > *[lo g (c t -  p hc t_i) -  Kh-i— j (3.15)

B = t  ^

subject to a series of intertemporal budget constraints:

Ct +  <  W th t +  - .  (3 .1 6 )
t t P t  P t

Here, q , h t and b t are consumption, hours worked, and bond holdings, and 0 < <  1
governs the degree of habit persistence in consumption. i t and p t are the gross nominal 
interest rate paid on bonds and the aggregate price level, respectively. Consumption 
and the real value of bond holdings must not exceed labor income and financial wealth 
held in the form of bonds in the current period.

The representative household chooses consumption, leisure and bond holdings to 
maximize (3.15) subject to (3.16). The solution to this problem must satisfy a standard 
Euler equation where special care needs to be taken because of the nonstandard way 
that conditional exoectations are modelled (see the above definition of the information 
set):

A t =  p E t [rt XH l ] (3.17)

where Xt is the marginal utility of consumption in and where r t is the gross real interest 
rate from period t to t+1:

r t =  - ^ - i t (3.18)
Pt + l

3.4 .2  F irm s
There are two types of firms in the economy: intermediate goods producing firms and 
final goods producing retailers. Intermediate goods producing firms operate in perfectly 
competitive factor and goods markets. They post vacancies which are then stochastically 
matched with unemployed workers. Intermediate goods producing firms bargain with 
the unemployed over the wage. Finally, they sell the produced good to final goods 
producing retailers. These retailers buy the intermediate good, differentiate it, and sell 
it in a monopolistic market. Because of their monopoly power, they can set their goods 
prices. Price rigidities are introduced through a Calvo price setting scheme. This section 
describes the optimization problems of the two types of firms in more detail.
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Intermediate goods firms, matching and production

There are infinitely many intermediate goods firms, each producing with a production 
function of the following type:

f ( h t )  =  z t h ;  (3.19)

where zt is a technology factor that is common to all firms. Because our identifying 
assumption in the SVAR implies that the technology shock is the only shock that has 
a permanent effect on labor productivity, we assume technology follows a random walk 
with

Zt — Z t-1 +

and autocorrelated error term

(3.20)

ft — p€zc t - i  + Vt- (3.21)

The technology shock is then given by ijt .
Production however only takes place when a firm advertising a job vacancy is actually 

matched with an unemployed worker. The matching function is assumed to be of the 
following Cobb-Douglas type with constant returns:

m t = a m U tv\~a  (3.22)

where a  between 0 and 1 and where a m  is a scale parameter reflecting the efficiency of the 
matching process. If matched, firm and worker bargain over wage and hours and start 
producing the following period. Each period a matched job breaks up with exogenous 
probability p . Employment n t thus evolves according to the following dynamic equation:

n t =  (1 -  p ) n t- i  + m t- i  (3.23)

which says that the number of matched workers at the beginning of period n(l is 
given by the fraction of matches in i — 1 that survives to the next period, (1 — p)n-i_i, 
plus the newly-formed matches, m t-  j. The labor force being normalized to one, the 
unemployment rate at the beginning of any given period is 1 — ??*.

Bellman equations

We next discuss the Bellman equations describing the values of a job, a vacancy, an 
employed worker and an unemployed worker, respectively. It is helpful to first develop 
some notation: Let 0 t be defined as labor market tightness and accordingly be defined 
a s  $ t =  The job finding probability of an unemployed worker is given by s t =  ^  = 
Gm 0 }~ °  and is thus an increasing function of labor market tightness. The worker finding 
probability of a vacant job is given by q t = ^  = o mQ t°  and is decreasing with labor 
market tightness.

The value of a job (in terms of current consumption units) is then given by J t :

Jt — Zt f (ht )  — Wtht + E tßt+\( 1 — p)Jt+1 (3.24)
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where Xt is the relative price of the intermediate good and w t is the wage rate. The 
value of the job consists of current period profits, x tf { h t )  — Wtht , plus the expected, 
appropriately discounted value of the job as of next period. This can be explained as 
follows: Next period, with probability 1 — p  the match continues. In this case, the firm 
obtains a future payofT J t+ j. With probability p , instead, the match is discontinued in 
t + 1 and the firm obtains a future payoff of zero. Finally, the expected future value 
of the job is discounted with the factor A+i, where ¡3t+ i — The use of this
discount factor effectively evaluates profits in terms of the values attached to them by 
the households, who ultimately own the firms.

The other three Bellman equations can be explained similarly. The value of a vacancy 
is given by V*:

Vt — — ~r~ + E t 0 t + i [ q t ( l  — p ) J t + i  4* (1 — Qt)Vt+i] (3.25)

where « is the utility cost of entertaining an open vacancy. Dividing the utility cost 
by the marginal utility of consumption \ t effectively transforms the utility cost of the 
vacancy into costs expressed in units of consumption goods. The vacancy is matched 
with a worker and is not severed with probability q t ( l  — p )  and remains open with 
probability 1 — q t .

The value of employment and unemployment is denoted by H'* and Ut respectively. 
The flow value of employment is given by the wage bill, w th ty minus the utility cost of
working expressed in units of consumption goods ^ T h e  worker remains employed 
in the next period with probability 1 — p  and becomes unemployed with probability p .

/,!+*
W t — Wt ht  — K h , + E t0 t+ i[(l — p)Wt+i + p U t+ 1] (3.26)1 +  0

Finally, the unemployed worker receives flowf benefits of b  and finds a job that is 
not severed with probability js* (1  — p )  and remains unemployed otherwise. The value of 
unemployment, £/*, is therefore given by:

Ut =  b  +  E ,A +iM l -  p ) W t + 1 + (1 -  «I(1 -  p ) ) U t + 1] (3.27)

Solving the matching model

To solve the matching model for the equilibrium value functions, two further assumptions 
are needed:

We first assume that in equilibrium free entry ensures that the value of vacancies is 
zero, i.e. Vt = 0. Equation (3.25) then reduces to:

k  — E t 0 t + i [ q t ( l  — p ) J t+ i\ (3 .28)
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which we can solve forward to establish that in equilibrium the expected cost of a 
vacancy, — is equal to the expected discounted stream of future profits,

— “  E t ^ L i /3 t+s( l  — p )97ri+< (3.29)
Q t

where 7tt are the profits of the firm.
Second, we assume that a matched pair of firm and worker share the joint surplus 

of the match according to the Nash bargaining solution. T he Nash bargaining solution 
splits the joint surplus of the match according to the bargaining weight parameter rj. 
In particular, if we define the joint surplus as S t = E t — Ut +  «/*, the bargaining rule 
chooses the wage rate such that:

W t - U t =  pSt (3.30)

Jt = ( l - v ) S t (3.31)

The system can  then be rearranged to obtain a ’’wage equation”. Importantly, the 
wage rate in this model does not adjust to equate the marginal product of labor with 
the marginal rate  o f substitution as in a  competitive labor market model. Instead, 
although the equilibrium wage rate turns out to depend on these magnitudes, it also 
depends on labor market tightness, the flow cost of a vacancy and on the benefit level 
of unemployment.

The Nash bargaining solution has recently received much criticism from a number of 
authors (see e.g. Shinier (2005) and Hall (2005)). Shimer studies the effect of labor pro
ductivity shocks on labor market tightness within the R B C  model. He argues that the 
Nash bargaining solution creates a too flexible real wage rate th at absorbs a firm’s incen
tive to create vacancies in response to  a rise in labor productivity. Profits will rise and 
additional vacancies will be created. B u t because this leads to a rise in the job finding 
probability, it increases the value of being unemployed which is the outside option o f the 
worker in the Nash bargaining solution. Wages will therefore rise, reducing profits and 
therefore firms’ incentives to open new vacancies. Labor market tightness, 6 — is thus 
not very responsive to labor productivity shocks. Comparing unconditional volatilities, 
Shimer then argues that this is very different in US data where labor market tightness 
is found to  be much more volatile than average labor productivity. He concludes that 
the matching model does a bad job in explaining the data. Note, however, that Shimer 
compares his m odel’s results to  unconditional average labor productivity, when in fact 
he should compare it to average labor productivity conditional on a technology shock.

When estim ating the above New Keynesian matching model I seem to find exactly 
the opposite result: The model matches most empirical impulse responses surprisingly 
well. However, it fails to explain the very variable we wanted to explain, namely unem
ployment. The reason for this seems not to be a qualitatively different response pattern 
in the model, but simply the fact th at in the model vacancies react much stronger to 
monetary policy shocks than unemployment. This is not so in the data. Vacancies then 
seem to overreact, generating a too high labor market tightness.



C h a p ter  3 : B everidge  and Piiiiljps curves 100

Final goods firms and price setting

Final goods firms buy the intermediate good at price, x t, differentiate it at zero cost 
and sell it to consumers in a monopolistically competitive market. The demand facing 
each monopolist is given by:

Vit = (3.32)

I follow Calvo (1983) and assume that there is a fixed given probability, 1 — y?, which 
is the same for all firms, with which a firm can reset its price in any given period. The 
average duration a price is kept fixed is therefore given by j ~ .  I further assume that 
firms that cannot re-optimize their price simply index to lagged inflation:

P it — T T i-ip i.t- i-  (3.33)

Final goods firms choose their price to maximize expected profits where expectations 
now take into account that the firm might not be allowed to reset its prices for a certain 
length of time. In particular, the probability that a firm is not allowed to adjust its 
price for l periods is given by <pl . The firm then chooses p ^ t to maximize:

a s s o A + . v ’* -  x ‘+>)y>.<+‘ <3-34)

subject to the demand function (3.32) and to

Pt,s — 7i’t7r«+1 • • • fft+s-i* (3.35)

The solution to this problem gives the optimal price set by the final goods firm. In 
essence, this price is a complicated function of future expected marginal costs of the 
firm. The aggregate price level can be shown to be:

Pt =  * t - i  ( m - i  +  (1 -  v ) p ! r )  ~  (3.36)

3 .4 .3  C entral B an k
The nominal interest rate is assumed to be set by the central bank. In particular, I 
assume the following somewhat generalized Taylor rule:

i t  =  p i i t - l  +  ( 1  -  p i h n E t T T t + l  +  ( 1  -  p i h y V t  +  ( 1  “  P i ) l g 9 t  +  C ™  ( 3 - 3 7 )

where p i  measures the degree of interest rate smoothing, and where the parameters 
7 tt, 7 y and 7 g measure the response of the central bank to deviations in expected inflation.
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to output deviations and to the growth rate of output, g t =  All variables in the 
Taylor rule are already in log-deviation from steady state. The Taylor rule can be 
regarded as somewhat generalized because of the inclusion of the growth rate of output 
(see also Ireland (2004b). Empirically, it is not clear whether the central bank reacts 
only to deviations from potential output - with all the problems of measurement of this 
variable - or to a measure of the actual growth of output. Thus, equation (3.37) also 
contains the growth rate of output. Finally, the monetary policy shock is given by

3.4.4 Equilibrium
The model is closed by an economy wide market clearing assumption:

yt = ct (3.38)

and a market clearing condition in the intermediate goods sector:

Vt = nt(l -  p ) f ( h t )  (3.39)

where n t { 1 — p )  is the number of intermediate goods firms actually producing in t. 
The system of equilibrium conditions can be written in log-linearized form can be 

written as

A { 0 ) E t
*i+l 

. c*41
=  m

St
Ct

(3.40)

where St. contains all the state variables of the model (with the exogenous state 
variables listed last), where ct contains all the control variables, and where 0  is the 
vector of all structural parameters of the model. The model can then be solved using 
any of the available algorithms to yield the following state space representation

ct

St+l

F ( 0 ) s t 

P ( 0 ) s t + J

(3.41)

(3.42)

where the matrices F ( 0 )  and P ( 6 )  are nonlinear functions of the structural para
meters and where the matrix J  =  [0; h } '  contains a zero block in its top block and a 
two-by-two identity matrix in its bottom block picking the exogenous shocks.

3 . 5  E s t im a t io n  a n d  R e s u l t s

Various methods have been suggested over the last decade or so to estimate the struc
tural parameters of economic models. Essentially, there are three strands in this growing
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literature that aims to estimate fully specified DSGE models using sound econometric 
methods, instead of simply calibrating those models to unconditional first and some
times second moments of the data. In effect, all these methods estimate the structural 
parameters by optimizing some kind of criterion function that depends on the model, 
the model parameters, as well as on the data.

Maximum Likelihood methods derive the likelihood function of the linearized and 
solved DSGE model which can typically be written in state-space form and then picks 
as point estimates the vector that maximizes the likelihood function. The inverse of 
the Hessian at the maximizing vector then serves as estimated asymptotic covariance 
matrix. Ireland (2004b) shows how to estimate a New Keynesian model with MLE 
methods and Ireland (2004a) estimates a RBC model with VAR(l) measurement error 
structure also using MLE.

Bayesian methods combine the likelihood function with a prior density over the 
structural parameters to derive the posterior density. The posterior density is either 
taken to be the normal with mean taken to be the posterior mode and covariance matrix 
the inverse Hessian at the posterior mode. Though this is often valid asymptotically, 
Markov-Chain Monte Carlo methods are usually used to derive a better approximation 
of the full posterior which should be valid also in small samples.

Finally, limited information methods have also been used to estimate the structural 
parameters of DSGE models. Rotemberg and Woodford (1998) and CEE, for instance, 
propose to use minimum distance estimation to minimize some distance function between 
empirical impulse response functions and theoretical impulse responses coming from 
the economic model. The advantage of the limited information approach is that the 
researcher only needs to model that part of the economy which he is ultimately interested 
in. The remaining parts of the economy need not be specified and in this sense, the 
researcher can remain agnostic with respect to the rest of the data generating process 
under the null hypothesis.

Because in this paper we are only interested in the effects of monetary policy and 
technology shocks, we make use of the limited information approach and match DSGE 
model impulse responses with the empirical ones from the SVAR model. This allows 
us to focus on the two key shocks, the variables’ responses, and the ability of our 
economic model to match the data, without having to specify - and thereby to possibly 
ini »specify the model - other economic shocks. In fact, the particular limited information 
method that I apply in this paper can be regarded as rather conservative, as it makes 
use of SVAR analysis with fairly generally accepted identifying assumptions8 and of 
an economic model that consists of a baseline New Keynesian model with a micro- 
founded non-Walrasian labor market model that has also recently become accepted in 
the business cycle literature.

Following Rotemberg and Woodford and CEE, the model’s structural parameters 
are therefore estimated by minimizing a weighted distance metric between the empirical

sOf course, every identifying assumption could (and should) be questioned, but the literature sug
gests that the identifying assumption of the fedfunds shock is widely accepted, whilst the evidence
on the technology shock seems slightly in favor of the assumption (compare with the debate on hours 
worked by Gall and others.
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impulse responses from the SVAR and those from the New Keynesian D SG E model.9 
Specifically, if 9 is the vector o f parameters that we wish to estimate, our minimization 
procedure chooses 9 to  minimize the following function:

9 =  argmind€@ ( 7̂ -  ~  ^ (0)) (3.43)

where 'I'7 contains the impulse responses from the two identified shocks from the 
SVAR10, ’J'(Ö) is the stacked vector of all model impulse responses, and where IV7 is a 
diagonal weighting m atrix containing the inverses of the variances of the various impulse 
responses along the diagonal. In effect, the more precisely we estimate a certain impulse 
response, the more weight will that impulse response get in the estimation. In principle, 
any positive definite weighting m atrix IV7 with plimlVr =  B r would deliver consistent 
estimates of 6. W e choose W t  to be diagonal because of its intuitive appeal that 9 
will be chosen such that the model impulse responses will be as close to  the empirical 
impulse responses as possible. However, other (and maybe more efficient) choices of l i  7 
are possible (see M eier and Müller for a  discussion).

Referring to results by Newey and McFadden (1994) and following the discussion in 
Meier and Müller (2005), we are now in a  position to  derive the asymptotic distribution 
of our estimator o f 0 . Essentially, because 0 can be regarded as a classical minimum 
distance estim ator in the words of Newey and McFadden, and if certain regularity con
ditions are satisfied, we know that 9 is a consistent estim ator of 9. Moreover, Newey 
and McFadden show that 9 is asymptotically normal if properly standardized:

s/f(i) n (o, (G W G )", (G 'IV E H 'G )(G 'H 'G )-1)  (3.44)

where G = V $ ^ ( 9 )  denotes the Jacobian matrix of the impulse response functions 
generated from the model, W  =  plim lVr, and E is the asym ptotic covariance m atrix of 

Let A v a r (^ r )  denote our bootstrap estim ate for the asymptotic variance 
of $ 7, so that A v a r ( ’! '7) — E/T. All matrices in (3.44) can be estimated consistently. 
Specifically, estim ates of \V  and E are obtained as by-products of our bootstrapping 
procedure, and G  can be obtained from numerical differentiation. Our estimate of the 
asymptotic covariance matrix of 9 then reads as

Avar(Ö) =  ( g 'VVVg )"1 (Ö W TA v a r (* TW T G )  ( g 'U V G )~ \  (3.45)

allowing us to report asymptotic standard errors for our estimates.
The vector of structural parameters of the economic model is given by 9 — {/?, e, a ,

Pb, ¡p, p, a , ?/, pi, 7* ,  7y, 7g, p(t} . Because some of these parameters are fairly uncontrover- 
sial in the literature and can be calibrated from first moments of the data, we choose

®A11 calculations carried out in this section were again done in Matlab.
10\Ve use a total of 313 impulse responses. Thus, the dimensions of and are both 313 times

1.
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Table 3.3: Calibrated Parameters

0 0.99
e 11.00

a 0.66

Table 3.4: Steady state values

h
n
q
s
z

0.33 (steady state hours worked)
0.8 (steady state employment rate)

0.7 (steady state probability that firm fills vacancy) 
0.25 (steady state probability that unemployed finds job) 

1 (steady state technology level)

not to estimate them. These are the discount factor of the household, /?, which is set 
to 0.99, implying a quarterly real interest rate of approximately 1%; the elasticity of 
substitution among alternative differentiated goods, e, is set to 11, implying a mark-up 
of 10 percent; and the a  coefficient in the production function is taken to be 0.G6G7. 
Table 3 summarizes this information.

The remaining parameters, 0  =  { <j>, ph, <p, p, <r, //, p iy 7 * »  7 y ,  7 ff) P c , } arc then estimated. 
Before we estimate these parameters of interest, we also need to determine steady state 
values for some variables. We follow the literature and set the average time spent 
working to one third and the steady state employment rate to 0.8. Following TVigari 
(2003), the steady state probability that a firm fills a vacancy is set to 0.7 and the 
steady state probability that an unemployed worker finds a job to 0.25. Steady state 
technology level is set to 1. Table 3.4 summarizes this information.

The resulting parameter estimates and their estimated asymptotic standard errors 
are shown in table 3.5. I discuss utility function parameters first. The inverse of the 
intertemporal elasticity of labor supply, <£, is estimated to be 12.110 which is fairly large, 
implying a very small labor supply elasticity of just 8 percent. This is an interesting 
finding because it is entirely in line with microeconometric estimates of this elasticity 
being close to 0 and in any case not higher than 0.5. Instead, most macroeconometric 
studies estimate this elasticity to be much higher.11 However, the standard error is big, 
thus not much can be said about the actual value of the true parameter. The rather 
large standard error of the estimate of <f> seems to be a rather common finding in the 
literature.12

11 Compare this with Smets and Wouters (2002) who estimate <j> close to 1.
12Smets and Wouters (2002) mention in passing that ’’this parameter is not very precisely estimated." 

(p.24)
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Table 3.5: Estimation Results

parameter estimate standard error

<t> 12.110 11.744

Ph 0.832 0.063

V 0.986 0.008

P 0.487 0.08G
a 0.837 0.028

V 0.000 0.01G

Pi 0.865 0.068
7* 1.005 0.446

ly 0.031 0.123

7s 0.795 0.741

Pu 0.000 0.164

Habit persistence is estimated to be very strong with ph equal to 0.832 and a  small 
standard error of 0.0G3. This compares with the smaller values found in the literature: 
Sm ets and Wouters (2003) estim ate habit persistence to be 0.552 using Euro area data, 
C E E  estimate it to be 0.05 and Boldrin, Christiano and Fisher (2001) estimate it to 
be 0.7. Though the obtained estim ate in this paper is indeed high, there seems to be 
some controversy as to the true value of the parameter in the literature. Interestingly, 
the habit persistence parameter is estimated much more precisely than the elasticity of 
labor substitution parameter. This is also the case in Sm ets and Wouters (2002).

Price stickiness is estimated to be very high. The estim ate for tp =  0.98G implies 
an implausible high average duration o f prices, -p - ,  of 71 quarters or almost 18 years. 
This strongly contrasts with microeconometric evidence finding average price durations 
not longer than 4-G quarters (see Bits and Klenov, 2004). T h e standard error is very 
small, thus it seems this parameter is crucial in generating the right degree of nominal 
rigidity that is found in the data. This comes at the cost of microeconomic evidence, 
but also suggests that stronger nominal rigidities need to be introduced to capture the 
persistence in the data. It strongly points at misspecification o f the economic model.

The matching function parameters are also somewhat at odds with microeconometric 
evidence. The quarterly worker separation rate, p, is estim ated to be 48 percent which 
contrasts with evidence of Davis, Haltiwanger and Schuh (1996) which estim ates it at 
about 8 percent. T he elasticity of new' matches with respect to  the number of searching 
workers, tr, is estimated to be 0.84, wrhich is again much higher than the 0.4 estim ate 
of Blanchard and Diamond (1989). Worker bargaining power, 77, is estimated to  very' 
small, with a value close to zero. This is similar to the calibrated value o f Cooley and 
Quadrini (1999). As argued in TWgari (2003) this value is key to  the sluggish response 
of the real wrage to  the monetary policy shock.

The parameters characterizing monetary policy are somew'hat more in line with the 
literature. The smoothing coefficient, pi, is estimated to be 0.865 which compares well



C h ap ter  3 : B everidge an d  P h illip s  curves 10G

w ith the e stim ate  of C larid a , G ali and G ertler of 0 .9 . T he o th er reaction function 
p aram eter estim ates co m p are fairly  well with the estim ates of Ireland (20 0 4 b ) who also 
estim ates a  som ew hat ’’general! zed '’ Taylor curve. T h e  F e d ’s response to  inflation, * x. 
is estim ated  quite a  bit below th e  value suggested in Taylor (1 9 9 3 ) , but between the 
tw o baseline estim ates of C larid a , Gali and G ertler w ho estim ate it to  be 0 .83  for the 
pre-V olcker period and 2 .1 5  for th e  V olcker-G reenspan period. T h e  stan d ard  error is 
p retty  large, probably also reflecting  th e fact th at ou r sam ple covers the entire post-war 
period, i.e. also th e pre-V olcker e ra  during which m on etary  policy in th e US is believed 
to  having been ra th er acco m m o d a tin g  (see e.g. C larid a, Gali and  G ertler (2000) and 
Lubik and Schorfheide ( 2 0 0 4 ) ) .13 M y estim ate of th e  response coefficient to output 
deviations, 7 ff, is 0 .03  w ith a  fairly  big stan d ard  erro r. Ireland (2 0 0 4 ) estim ates this 
p aram eter a t th e  sam e value w ith  m uch g reater precision using M axim um  Likelihood 
m ethods. T h e estim ated  resp on se coefficient to  the grow th ra te  of o u tp u t, ygt is 0 .79  
which is big com pared to  Ire lan d ’s estim ate  o f 0 .2 5 . However, the stan d ard  error is again 
quite large, thus not m uch can  b e said  ab ou t w hether th ese  p aram eters do actually differ.

Finally, th e  technology p ersisten ce  p aram eter, p ( t , is estim ated  at zero , but again 
th e  stan d ard  erro r is big im plying a  sm all positive value for p (t is not a t  all unlikely.

T o judge th e ability o f th e  e s tim a te d  econom ic m odel to  explain the em pirical impulse 
response functions, figures 3 .7  an d  3 .8  show the estim ated  m odel im pulse responses 
to g eth er w ith those from  th e  V A R  an d  the 9 5  percent confidence intervals.

T he m odel does a  fairly g oo d  jo b  in explaining m o st variables, however three excep
tions stan d  out. F irst, th e  m odel can n ot explain th e  response of unemployment to a 
m o n etary  policy shock. T h e  im pulse response implied by the econom ic m odel is indistin
guishable from  th e zero line an d  is outside th e  confidence interval for alm ost the entire 
business cycle frequency. S econ d , th e  hours worked series show's a  noticeable increase 
only a t th e  first q u arter. O therw ise th e response is again indistinguishable from the 
zero line, and in any case  not w ithin  th e confidence interval. And thirdly, the response 
of the real wage to  the tech n ology  shock is far outside th e  confidence interval.

A p art from  these specific problem s, it generally seem s to  be the case th at the es
tim ated  m o d el’s responses to  th e  technology shock show' virtually  no transitional dy
nam ics a t all. T here are  essentially  twro reasons why this should be the case: First, the 
econom ic m odel does n ot g en era te  enough tran sition al dynam ics itself, and second, the 
SVAR im pulse responses to  th e  technology shock are usually not very inform ative about 
th e  sign an d  th e shape o f th e  tru e  impulse responses. T he two reasons taken together 
im ply th a t th e estim ation  p ro ced u re  em phasizes th e responses to  the m onetary policy 
shock over the technology shock (i.e. the weighting m a trix  Wt  puts m ore weight on 
th e  im pulse responses to  th e  m onetary ' shock (b ecau se o f those im pulse responses being 
m ore precisely estim a te d )), an d  by doing this is picking p aram eter values which imply 
alm ost no transitional d y n am ics to  th e  technology shock.

Finally, th e  inability o f  th e  m odel to  rep licate  th e  em pirical impulse response of the 
unem ploym ent variable to  th e  m o n etary  shock should be discussed som ew hat more. This

13Tliis hypothesis could be tested for by estimating the model separately for the two subsamples and 
comparing parameter estimates over the different samples.



C hapter 3 : B everidge and  Phillips cu rves 107

paper has tried to include key labor market variables in the estimation of a structural 
model of the US labor market. Unemployment is one of the key macroeconomic variables 
and commonly referred to in the political discussion. It should be included in any 
empirical model of the business cycle that is going to be used in policy making.

It does seem, however, that the model presented in th is paper does not achieve its 
goal of explaining the response of unemployment to the monetary policy shock. In 
particular, the model does not generate the right relative volatilities o f unemployment 
and vacancies. T he estimation procedure then needs to  trade off the importance of 
matching either o f these two. It seems that it is ’’easier” for the model (given the data) 
to match vacancies, than unemployment.

A natural candidate to obtain a smaller response of vacancies to shocks is through 
vacancy adjustment costs (see Braun (2005)) or somewhat more rigorously through sunk 
costs of creating a  vacancy (see Fujita and Ramey (2005)). Such costs could be included 
in an extended version of the model.

3 . 6  C o n c lu s io n

This paper considered the dynamic effects of monetary policy and technology shocks on 
key US labor market variables. This was achieved through a structural VAR model where 
the two shocks were identified jointly through both a short-run recursive restriction and 
a long-run restriction. The results indicate strong effects of monetary policy shocks 
on the US labor market. Unemployment, vacancies and the job  finding probability all 
respond in a hump-shaped pattern and all responses are significantly different from zero. 
Instead the responses to the technology shock are rather sluggish and persistent and in 
any case not significantly different from zero. T he strong effects of monetary policy 
shocks are also found in variance decompositions and correlation analysis. Beveridge 
and Phillips curves are clearly monetary phenomena.

Thus, the empirical results of the paper emphasize the importance of including labor 
market variables in D SG E models of the business cycle, and in particular, highlight 
the importance of monetary shocks for explaining the business cycle as opposed to 
technology shocks as advocated by the Real Business Cycle literature.

The paper then tried to explain the dynamic behavior o f the US economy through 
a New Keynesian model with a  matching model o f the labor market. Though, gener
ally speaking, many impulse responses can be replicated fairly well, there are at least 
three important problems: F irst, some parameter estim ates are crossly at odds ivith 
microeconometric evidence. Second, the model cannot explain the behavior of unem
ployment following a monetary shock. And thirdly, the estim ated model shows virtually 
no transitional dynamics in response to a technology shock.

These problems suggest the economic model should be changed or extended to better 
accommodate the empirical results. Introducing vacancy adjustment costs or sunk costs 
for the creation of vacancies seems to be a possibility to dampen the response of vacancies 
to monetary shocks, thus probably helping to better explain unemployment. Similarly, 
introducing capital stock dynamics should change the transitional dynamics in response 
to a technology shock.
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Finally, we should be careful in drawing overly confident inference from our SVAR 
analysis. The debate about the problems of using long-run restrictions to identify shocks 
should make us somewhat sceptical about the conclusions we draw on the responses to 
the technology shock. But given that the responses to the technology shock are not 
estimated precisely at all, not much can be said about them anyway. However, it is 
conceivable that a more efficient estimation method would deliver more precise esti
mates of the impulse responses. In addition, the stationarity properties of the data have 
not been examined, thus unit roots might cause problems for the estimation and infer
ence. Accounting for possible cointegrating relationships might lead to more efficient 
estimates.
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