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t sE :  Macroeconomi c Model i ng

Worki ng Ef f ort  and t he J apanese Busi ness Cycl e'

Kei suke Ot su

    A wel l  known f act  of  J apanese busi ness cycl es di scussed i n st udi es such as

Ohkusa and Ari ga ( 1995)  i s t hat  t he l abor adj ust ment  i s done more i n t he i nt ensi ve

margi n ( hours worked per worker)  rat her t han i n t he ext ensi ve margi n

( empl oyment ) ,  whi ch i s t he opposi t e t o t he U. S.  Moreover,  as shown i n Braun,

Est eban- Pret el ,  Okada and Sudo ( 2006)  ,  t he f l uct uat i on of  hours worked per worker

l eads t he busi ness cycl e whi l e t he f l uct uat i on of  t he number of  workers l ags i t .  I n t hi s

paper,  I  show t hat  a dynami c st ochast i c general  equi l i br i um model  wi t h ef f ort ,

product i vi t y,  and i nvest ment  speci f i c t echnol ogy shocks can account  f or t hese f act s.

J EL CI assi f i cat i on Codes:  E13,  E32

            1.  I nt roduct i on

A wel l  known f act  of  J apanese busi ness

cycl es di scussed i n st udi es such as Ohkusa

and Ari ga ( 1995)  i s t hat  t he l abor adj ust ment

i s done more i n t he i nt ensi ve margi n ( hours

worked per worker)  rat her t han i n t he

ext ensi ve margi n ( empl oyment ) ,  whi ch i s

t he opposi t e t o t he U. S.  Moreover,  as shown

i n Braun,  Est eban- Pret el ,  Okada and Sudo

( 2006) ,  t he f l uct uat i on of  hours worked per

worker l eads t he busi ness cycl e whi l e t he

f l uct uat i on of  t he number of  workers l ags i t .

I n t hi s paper,  I  show t hat  a dynami c

st ochast i c general  equi l i bri um model  wi t h

ef f ort ,  product i vi t y,  and i nvest ment  speci f i c

t echnol ogy shocks can account  f or t hese

f act s.

    There are several  rel at ed st udi es on t he

J apanese l abor market  duri ng t he l ost

decade.  Hayashi  and Prescot t  ( 2002)  shows

t he l egi sl at i on whi ch shrunk t he workweek

al ong wi t h t he sl ow- down of  product i vi t y

growt h can account  f or t he l ost  decade.

Kobayashi  and I naba ( 2006)  and Ot su and

Pyo ( 2009)  use t he busi ness cycl e account i ng

met hod and show t hat  t ot al  f act or product i v-

i t y and di st urbances i n t he l abor market  are

i mport ant  i n account i ng f or t he l ost  decade.

Whi l e t hese st udi es f ocus on t he medi um

t erm f l uct uat i ons i n l abor,  t here are al so more

rel at ed st udi es f ocusi ng on t he hi gh f requen-

cy f l uct uat i on pat t erns of  J apanese hours

worked and empl oyment  Ohkusa and Ari ga

( 1995)  shows t hat  l abor hoardi ng i s i mpor-

t ant  i n account i ng f or t he l ow vol at i l i t y i n

empl oyment  rel at i ve t o hours worked per

worker.  Braun et  al  ( 2006)  show t hat  t he

di f f erence i n l abor adj ust ment  pat t erns i n

J apan and t he U. S.  can be account ed f or by

t he di f f erences i n t he el ast i ci t i es of  workers.

I n t hi s paper,  I  al so account  f or t he l ead i n

hours worked and t he l ag i n empl oyment  ;  not

onl y t hei r  rel at i ve vol at i l i t i es.

    I n t hi s paper,  I  do not  i ncl ude l ong t erm

l abor cont ract s i n t he model .  There i s a bel i ef

t hat  J apanese empl oyment  has been st abl e

t hanks t o t he " l i f et i me empl oyment " t radi t i on

where t he workers work f or t he f i rm t hey

ent ered unt i l  ret i rement .  Fl at h ( 2005)  st at es

i ndeed t hat  i n 1990 t he average t enure i n

J apan was 22 years whi l e i n t he U. S.  t hat  was

14 years;  however,  t here i s no expl i ci t

cont ract  t hat  guarant ees l i f et i me empl oy-

ment  i n J apan.  Furt hermore,  t he f act  t hat  t he

t enure i s l onger i n J apan does not  i mmedi at e-

l y expl ai n t he l ag of  empl oyment  f l uct uat i on

f rom t he busi ness cycl e.  Even i f  t he f i rms are

commi t t ed t o hi re workers f or at  l east  a f i xed

peri od of  t i me,  t hey coul d hi re new workers

i n booms and f i re t hose who reached t hei r

t enure duri ng recessi ons.  Theref ore,  a model

l
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wi t h l ong t erm empl oyment  cont ract s does

not  seem t o be sui t abl e f or t he anal ysi s.

    The t he model  i s based on a st andard

real  busi ness cycl e model  wi t h a 10 di st i nc-

t i on bet ween hours worked and empl oyment

as i n Cho and Cool ey ( 1994) .  Si nce I  f ocus on

t he behavi or of  bot h hours worked per

worker and t he number of  workers em-

pl oyed,  t he i ndi vi si bl e l abor model  wi t h f i xed

hours such as Hansen ( 1985)  and Rogerson

( 1988)  i s not  sui t abl e.  The soci al  pl anner

maxi mi zes t he expect ed l i f et i me ut i l i t y of  t he

represent at i ve agent  not  onl y choosi ng t he

l evel  of  consumpt i on and l ei sure but  al so t he

f ract i on of  peopl e worki ng.  Busi ness cycl e

f l uct uat i ons are dri ven by shocks t o govern-

ment  purchases,  i nvest ment  speci f i c t echnol -

ogy,  pref erence wei ght  on consumpt i on and

l ei sure,  worki ng ef f ort  and product i vi t y.  The

quant i t at i ve met hod f ol l ows t hat  used i n

Chari ,  Kehoe and McGrat t an ( 2007)  ,  I  speci f y

t he dynami c st ochast i c general  equi l i br i um

model ,  obt ai n paramet er val ues f rom t he dat a

usi ng cal i brat i on and est i mat i on,  comput e t he

exogenous vari abl es i ncl udi ng t hose t hat  are

not  di rect l y observed f rom dat a,  and si mul at e

t he model  usi ng t he comput ed exogenous

vari abl es.

    The remai nder of  t he paper i s organi zed

as f ol l ows.  I n sect i on 2,  I  di scuss t he busi ness

cycl e f act s i n J apan compared t o t hose i n t he

U. S.  I n sect i on3,  I  descri be t he model .  I n

sect i on4,  I  expl ai n t he procedure of  t he

quant i t at i ve anal ysi s and present  t he resul t s.

Sect i on 5 concl udes t he paper.

    2.  J apanese Busi ness Cycl e Fact s

I n t hi s sect i on,  I  wi l l  present  t he key

charact eri st i cs of  t he J apanese busi ness

cycl es.  Tabl e1 l i st s t he quart erl y cycl i cal

behavi or of  J apanese key macroeconomi c

vari abl es over t he 1980- 2007 peri od,  Out put

i s def i ned as GDP pl us t he f l ow i ncome f rom

durabl e goods and government  capi t al  st ock,

consumpt i on i s def i ned as t he sum of

expendi t ures on nondurabl e goods and ser-

vi ces and t he servi ce f i ow f rom durabl e goods

and government  capi t al  st ock,  i nvest ment  i s

def i ned as t he sum of  gross capi t al  f ormat i on,

government  f i xed i nvest ment ,  and expendi -

t ure of  durabl e goods,  and t he l abor suppl y i s

di vi ded i nt o empl oyment  and t he average

weekl y hours worked per worker.  For

compari son,  I  al so present  t he same set  of

vari abl es f or t he US.  The dat a sources are t he

Economi c and Soci al  Research I nst i t ut e and

t he St at i st i cs Bureau websi t es f or J apan and

t he Bureau of  Economi c Anal ysi s and Bureau

of  Labor St at i st i cs websi t es f or t he U. S.

    Several  aspect s of  t he busi ness cycl es

are si mi l ar bet ween J apan and t he U. S.

Consumpt i on i s l ess vol at i l e t han out put

whi l e i nvest ment  i s more vol at i l e.  The degree

of  consumpt i on smoot hi ng,  measured as t he

st andard devi at i on of  consumpt i on rel at i ve t o

t hat  of  out put ,  i s i n t he mi d 50% i n bot h

count ri es.  The vol at i l i t y of  i nvest ment  i s

sl i ght l y great er i n t he US t han i n J apan but

are i n t he same bal l park,  3. 34 and 3. 81

rel at i ve t o out put ,  respect i vel y,  However,

when i t  comes t o l abor market  st at i st i cs,

t here are l arge di f f erences i n t he t wo

count ri es.

    A wel l - known f act  i s t hat  i n J apanese

l abor adj ust ment  mai nl y t akes pl ace i n t he

i nt ensi ve margi n whi l e t hat  i n t he U. S.  mai nl y

t akes pl ace i n t he ext ensi ve margi n.  The

st andard devi at i on of  hours worked per

worker and empl oyment  shows t hi s di f f er-

ence.  Al so,  t ot al  hours worked i n J apan l eads

t he busi ness cycl e by one quart er i n J apan

whereas,  t hey f l uct uat e coi nci dent l y wi t h

out put  i n t he US.  Furt hermore,  t he quart erl y

l ead of  t ot al  hours i n J apan i s eomi ng f rom t he

f our quart er l ead of  hours worked per worker

whi l e empl oyment  l ags out put  by t hree

quart ers,  Empl oyment  al so l ags by one

quart er i n t he US whi l e hours worked per

worker f l uct uat e coi nci dent l y wi t h out put .

These f act s are consi st ent  wi t h t hose of

Braun,  Est eban- Pret el ,  Okada and Sudo

( 2006)  who anal yzed t he J apanese economy

over t he 1960- 2000 peri od.

    A pot ent i al l y probl em i n t he J apanese

l abor dat a i s t he measurement  of  hours

worked per worker.  The dat a source f or t hi s

i s t he househol d survey conduct ed by t he

st at i st i cal  bureau where randoml y sel ect ed

workers report  t he hours t hey worked each

mont h.  However,  J apanese workers are

accust omed t o under report  overt i me hours.

These worki ng hours are not  i ncl uded as
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product i on.  I n addi t i on,  shi rki ng,  ei t her i nt en-

t i onal l y or uni nt ent i onal l y,  al so creat es a

wedge bet ween act ual  worki ng hours and

report ed and pai d worki ng hours.  Unf ort u-

nat el y,  t here i s no dat a on t he under- report ed

overt i me hours nor l abor hoardi ngi ) .  I n t hi s

paper,  I  est i mat e i t  as a l at ent  vari abl e usi ng

t he model  descri bed bel ow.

               3.  Model

I n t he model ,  t he soci al  pl anner maxi mi zes

t he expect ed l i f et i me ut i l i t y of  a represent a-

t i ve agent  i n t he economy by al l ocat i ng t he

resources.  The soci al  pl anner opt i mi zes

t aki ng product i vi t y shocks,  i nvest ment  speci -

f i c t echnol ogy shocks,  pref erence shocks,

empl oyment  adj ust ment  shocks and govern-

ment  expendi t ure shocks as gi ven.

3. 1 Pref erence

The pl anner want s t o maxi mi ze t he expect ed

l i f et i me ut i l i t y of  t he soci et y

                 co
          U =:  Eo ZBt u ( ct ,  l t ) .

                 t =o

Each agent  recei ves ut i l i t y f rom consumpt i on

and l ei sure.  The pl anner can choose t he

f ract i on of  peopl e worki ng so t hat  t he ut i l i t y

of  t he represent at i ve agent  wi l l  be maxi -

mi zed2) .  The pref erence f unct i on t akes t he

f orm of

  u = et  [ NI f t  l og cet + ( 1- i l [ f t )  l og( 1- i pt ht )

      - pt  ]  + ( 1- et )  [ Wt  l og cnt

      +( 1- i l f t ) l og( 1) ] ,

where et  i s t he f ract i on of  agent s worki ng,  cet

and cut  st and f or consumpt i on of  t he em-

pl oyed and unempl oyed agent s,  respect i vel y.

    Lei sure 1- i pt ht  i s def i ned as t ot al  avai l -

abl e hours mi nus hours workedhadj ust ed

f or worki ng ef f ort  ¢.  Thi s i mpl i es t hat  t he

ut i l i t y of  a worker i s l ower i f  he has t o work

harder gi ven a cert ai n number of  hours.

    The const ant  pt  represent s t he f i xed cost

accrued t o bei ng empl oyed.  The ut i l i t y cost  pt

i s qual i t at i vel y i mport ant  si nce wi t h pt  =O i t  i s

ef f i ci ent  f or al l  agent s t o work.  Thi s i ncl udes

t he t i me and t roubl e t o commut e t o work.

   I n t he l og ut i l i t y case,  i t  i s wel l  known

t hat  t he opt i mal  consumpt i on choi ce wi l l  be

t he same f or bot h t ype of  consumers i n

equi l i bri um.  Thus,  t he pref erence f unct i on

al  gE

can be rewri t t en as;

 u = Wt  l og ct +et ( 1- Nl f t )  l og( 1- ht )  - uet

where ct  i s t he common consumpt i on l evel  f or

bot h workers and non- workers.

3. 2 Product i on

The si ngl e good i n t he economy i s produced

by capi t al  and l abor.  Labor i nput  i s t he t ot al

hours worked whi ch i s t he f ract i on of  peopl e

worki ng mul t i pl i ed by t he number of  hours

worked per worker.  Fol l owi ng Hansen and

Sargent  ( 1988) ,  I  wi l l  i nt roduce adj ust ment

cost  on empl oyment  i n t he product i on

f unct i on i n order t o expl ai n t he empl oyment

l ag.  I  i nt roduce t hi s adj ust ment  cost  as a t i me

cost  such t hat  workers wi l l  l oose t i me when

t here i s a change i n t he empl oyment  l evel .

Thus t he product i on f unct i on l ooks l i ke;

           y,  = z, k, e ( e, i p, h, ) i - e ( 1)

where yt  i s out put ,  zt  i s product i vi t y shocks,

kt i s capi t al  st ock,  and¢t ht i s t he ef f ect i ve

hours used f or product i on.

    A f al l  i n ef f ort  i pt  can be consi dered as

I abor hoardi ng,  i . e. ,  hours report ed t hat  are

not  devot ed t o product i ve act i vi t i es.  For

i nst ance,  smoki ng breaks or ext ended l unch

t i me shoul d be consi dered as l ei sure rat her

t han worki ng t i me.  A r i se i n i pt  capt ures an

i ncrease i n t he i nt ensi t y of  work possi bl y

i ncl udi ng vol unt ary overt i me work t hat  i s not

report ed t o t he survey.

3. 3 ResourceConst rai nt

Aggregat e out put  i s used f or consumpt i on,

mvest ment ,  or government  expendi t ure.

Thus,  t he resource const rai nt  of  t he economy

wi l l  l ook l i ke;

            zl t  = ct +j c, +g, ,  ( 2)

where xt  i s i nvest ment  and gt  i s government

expendi t ure.

    I nvest ment  i s used t o accumul at e capi t al

st ock accordi ng t o t he capi t al  l aw of  mot i on;

         rk, . ,  =:  ny, x, +( 1- 6) k,  ( 3)

where F i s t he growt h t rend of  t he economy

and 6 i s t he depreci at i on rat e of  capi t al  st ock

and t yt  i s t he i nvest ment  speci f i c t echnol ogy

shock.

3. 4 Shocks

There are f i ve exogenous shocks i n t he

economy;  product i vi t y shocks,  i nvest ment
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speci f i c t echnol ogy shocks,  pref erence

shocks,  adj ust ment  cost  shocks and govern-

ment  expendi t ure shocks denot ed as st = { gt ,

rpt ,  i l i f t ,  i pt ,  zt } .  I  assume t hat  t hey f ol l ow a VAR

process :

             s- ,  === . Pst , 1] 1+E,  ( 4)

where "- "  represent s t he devi at i on f rom

t rend.  The error t erms Et  == { Egt ,  ent ,  &yt ,  Ei pt ,  ezt }

are def i ned as

             E, - - N( O,  V)

where V i s a f i ve by f i ve vari ance covari ance

mat ri x.  Si nce,  t here i s no rest r i ct i on on t he V

mat ri x,  t he model  al l ows cont emporaneous

correl at i on bet ween t he shocks.

3. 5 Equi l i bri um

The equi l i bri um i s charact eri zed by t he

f ol l owi ng set  of  equat i ons.  The capi t al  Eul er

equat l on

; ,  } I l l , '  -  BErt [  } l l l , 1' , i  ( o%i :  + , l . ,  ( i - 6) ]

                                   ( 5)

t he hours f i rst  order condi t i on

         1- XI I ,  W,
                           yt
        et  1- h,  = , ,  ( 1- 0) ' i zr7･ ( 6)

t he empl oyment  f i rst  order condi t i on

  pt - ( 1- wt ) l og( i - ht )  = Y, t  ( 1- o)  ` I l i " ,

                                   ( 7)

t he product i on f unct i on ( 1) ,  t he resource

const rai nt  ( 2) ,  t he capi t al  l aw of  mot i on ( 3) ,

and t he shock process ( 4) .

        4.  Quant i t at i veAnal ysi s

The quant i t at i ve anal ysi s i s carr i ed out  as

f ol l ows,  Fi rst ,  I  use t he equi l i bri um condi t i ons

and quart erl y dat a of  out put ,  consumpt i on,

i nvest ment ,  empl oyment  and hours worked

over t he 1980- 2007 peri od t o cal i brat e and

est i mat e t he paramet er val ues.  Second,  I

obt ai n l i near deci si on rul es f or endogenous

vari abl es usi ng t he met hod of  undet ermi ned

coef f i ci ent s.  Thi rd,  I  comput e t he exogenous

vari abl es usi ng dat a and t he l i near deci si on

rul es.  Fi nal l y,  I  si mul at e t he model  usi ng t he

comput ed exogenous vari abl es and l i near

deci si on rul es.

4. 1 Cal i brat i on

The capi t al  share paramet er 0 i s cal i brat ed

as f ol l ows f or each count ry.  Si nce out put  i s

def i ned as GDP pl us t he f l ow i ncome f rom

consumer durabl es and government  capi t al

st ock ( , FLOM7) ,  t he capi t ai  share i s com-

put ed as

            0,  * GDP+, FLOPV

        0== GDP+FLOW '

where t he capi t al  i ncome share

   unambi guous capi t al  i ncome+f i xed capi t al  consumpt i on

0p =

           GDP- ambi guous capi t al  i ncome

i s di rect l y cal cul at ed f rom nat i onal  i ncome

and product  account s3} .  The depreci at i on

rat e 6 i s comput ed di rect l y f rom dat a usi ng

t he capi t al  l aw of  mot i on ( 3) ` ' .  The average

growt h rat e of  per capi t a out put  i s used f or

t he growt h t rend r .  The subj ect i ve di scount

rat e B i s cal i brat ed t o dat a of  t he average

capi t al  t o out put  rat i o usi ng t he st eady st at e

versi on of  capi t al  Eul er equat i on ( 5)

        - l i -  ==:  B( o- i s+( 1- 6)  - l ) - ) ,

assumi ng t hat  t he i nvest ment  speci f i c t ech-

nol ogy shock rp i s equal  t o uni t y i n t he st eady

st at e.  The st eady st at e of  pref erence shocks

W i s cal i brat ed t o mat ch t he margi nal  rat e of

subst i t ut i on of  hours t o consumpt i on wi t h t he

margi nal  product  of  hours usi ng t he st eady

st at e versi on of  t he hours f i rst  order condi -

t i on ( 6)

        i Eh i ' gJ i i '  = ( i - o)  i t .

The ut i l i t y cost  of  empl oyment  "  i s cal i brat ed

t o mat ch t he margi nal  rat e of  subst i t ut i on of

empl oyment  t o consumpt i on wi t h t he mar-

gi nal  product  of  empl oyment  usi ng t he

st eady st at e versi on of  t he empl oyment  f i rst

order condi t i on

    pt - ( 1- W) l og( 1- h)  == ( 1- 0) ! .

                                e

The st eady st at e l evel  of  government  ex-

pendi t ure g i s comput ed di rect l y f rom dat a.

Fi nal l y,  f or si mpl i ci t y,  I  assume t hat  t he

st eady st at e product i vi t y l evel  z i s equal  t o

uni t y,  The cal i brat ed paramet er val ues and

t he st eady st at e val ues of  exogenous and

endogenous vari abl es are l i st ed i n Tabl e 2.

4. 2 I mpul seResponses

I n order t o underst and how t he shocks af f ect

t he economy,  i t  i s usef ul  t o exami ne t he

i mpul se responses of  t he vari abl es of  i nt erest
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t o t he shocks.  For conveni ence,  I  assume t hat

t he st ochast i c l ag mat ri x P i s di agonal  wi t h

l ag paramet ers of  09 f or t hi s exerci se,  Thi s

al l ows us t o i gnore t he spi l l over ef f ect s f rom

ot her shocks i n t he VAR process and f ocus on

t he di rect  i mpact s of  each shocks5>,

    Fi gure1 shows t he responses t o a one

percent  i ncrease i n t he government  shock.

Thi s shock creat es a negat i ve i ncome ef f ect

on t he economy.  The economy reduces

expendi t ures on consumpt i on,  l ei sure and

i nvest ment .  Labor i nput  i ncreases t hrough

empl oyment  whi l e hours worked does not

react .  As a resul t  out put  i ncreases.

    Fi gure2 shows t he responses t o a one

percent  i ncrease i n t he i nvest ment  speci f i c

t echnol ogy shock.  Thi s shock t emporari l y

i ncreases t he ef f i ci ency of  i nvest ment .  The

economy t emporari l y cut s back on consump-

t i on and i ncreases i nvest ment .  Empl oyment

i ncreases due t o t he r i se i n expect ed margi n-

al  product  of  l abor t hrough t he i ncrease i n

capi t al  st ock whi l e hours worked does not

react .  As a resul t ,  out put  i ncreases.

    Fi gure3 shows t he responses t o a one

percent  i ncrease i n t he pref erence shock.

Thi s shock i ncreases t he ut i l i t y t he househol d

gai ns f rom consumpt i on.  The economy i n-

creases consumpt i on and i nvest ment ,  and

reduces l ei sure.  Labor i ncreases because of

t he i ncrease i n bot h empl oyment  and hours

worked.  The i ncrease i n l abor l eads t o an

l ncrease l n out put .

    Fi gure4 shows t he responses t o a one

percent  i ncrease i n t he ef f ort  shock.  Thi s

shock i ncreases t he benef i t  of  hours worked

on product i on as wel l  as t he cost  of  i t  on

ut i l i t y.  The economy decreases hours by t he

same amount  and neut ral i zes i t s ef f ect  on t he

economy.  Not hi ng el se i s af f ect ed,

    Fi gure5 shows t he responses t o a one

percent  i ncrease i n t he product i vi t y shock.

Thi s shock generat es a real  busi ness cycl e

t ype ef f ect .  The i ncrease i n t he margi nal

product  of  l abor l eads t o a r i se i n empl oyment

whi l e hours worked i s not  af f ect ed.  Out put

i ncreases bot h f rom t he di rect  ef f ect  of  t he

shock on out put  and t he i ndi rect  ef f ect

t hrough t he i ncrease i n l abor,  Consumpt i on

and i nvest ment  bot h i ncrease as t he t ot al

product i on i n t he economy i ncreases.

f f  5u

4. 3 Est i mat i on

I n t he previ ous sect i on,  I  assumed a di agonal

l ag mat ri x f or si mpl i f i cat i on.  However,  i n

order t o si mul at e t he model  and obt ai n

meani ngf ul  quant i t at i ve resul t s,  we need t o

est i mat e t he ent i re st ochast i c process.  I n t hi s

paper,  I  use maxi mum l i kel i hood est i mat i on

bui l t  i nt o t he Dynare code t o est i mat e t he

st ochast i c process ( 4) .  Si nce t here are f i ve

shocks i n t he model ,  I  use t he dat a of  out put ,

consumpt i on,  i nvest ment ,  hours and empl oy-

ment  as observabl e vari abl es t o est i mat e t he

process.

    The reason why we need st ruct ural

est i mat i on i s because t here are vari abl es t hat

are not  di rect l y observabl e.  For i nst ance,

i nvest ment  speci f i c t echnol ogy shocks and

pref erence shocks are def i ned i n ( 5)  and ( 7)

whi ch i nvol ve expect ed vari abl es t hat  are not

di rect l y observed.  Al so,  product i vi t y shocks

are comput ed f rom ( 1)  usi ng k and i p whi ch

are not  di rect l y observabl e si nce t hey are

af f ect ed by i nvest ment  speci f i c t echnol ogy

shocks and ef f ort .  Fi nal l y,  t he ef f ort  shocks

are def i ned i n ( 6)  and ( 7)  whi ch i nvol ve

pref erence shocks.  The maxi mum l i kel i hood

est i mat i on met hod al l ows us t o est i mat e t he

st ochast i c process t reat i ng t he unobserv-

abl es as l at ent  vari abl es,

    The f ol l owi ng i s t he est i mat i on f or t he

st ochast i c process,  The process needs i ni t i al

guesses f or t he persi st ence paramet ers,  t he

st andard devi at i on of  shocks and t he correl a-

t i on among shocks.  I  assi gn O. 9 f or t he

di agonal  t erms and O f or t he of f - di agonal

t erms i n P,  O. 05 f or t he st andard devi at i ons of

t he i nnovat i ons,  and O f or t he correl at i ons

bet ween i nnovat i ons.

       0. 95 O. 09 - O. 40 O. 23 - O. 05

     - O. OO 1. 02 - O. 08 O. 19 O. 08

 P= O. OO O. 05 O, 89 O, 16 O. 09

      O. OO O. 28 - ( ) . ( ) 2 O. 86 O, 18

     - O. OO - O, 12 O. 12 - O, 23 O. 86

              O. 02 - O. 03 - O. Ol  O. Ol  - O, 03

             - O, 03 O, 29 - O. Ol  - O. 04 O. 02

 v=1. o- eoo3* - o. ol  - o. ol  o. os o. ol  - o. oo

              O. Ol  - O. 04 O. Ol  O. 02 - O. 02

             - O. 03 O. 02 - O. OO - O. 02 O, 04

4. 4 Comput i ngShocks

Once t he paramet er val ues are obt ai ned,  t he

model  can be sol ved f or deci si on rul es

numeri cal l y,  I  use t he l i near sol ut i on met hod



VLrorki ng Ef f ort  and t he J apanese Busi ness Cycl e 25

a l a Uhl i g ( 1999)  t o sol ve t he model .

Fol l owi ng Chari  et  al .  ( 2007)  I  comput e t he

exogenous vari abl es usi ng t he obt ai ned l i near

deci si on rul es and t he dat a of  t he observabl e

vari abl es used f or t he est i mat i on.

    The l i near deci si on rul es DR of  endoge-

nous vari abl es are f unct i ons of  st at e vari abl es

{ kt ,  gt ,  i j t ,  Wt ,  2t ,  ¢t } ,  I ni t i al  capi t al  st ock and

empl oyment  i n each count ry are assumed t o

be at  t he st eady st at e l evel .  Once t he i ni t i al

capi t al  st ock l evel  i s gi ven,  t he whol e seri es of

exogenous vari abl es can be comput ed.  The

det ai l ed procedure i s as f ol l ows,

  1.  sol vet hemodel f orl i neardeci si onrul es

 { k, . , ,  e, ,  g, ,  O, ,  [ 7i , ,  h, }

   = DR {  e, ,  y.  c, ,  x, ,  h, }  (  kt ,  e' Nt  ' -  i ,  gt ,  i j t ,  Nl f  t  ,  2t ,  i pt )

  2.  assumi ng ko=O,  eN- i =O,  comput e { go,

     rpo,  Wo,  zo,  i po}  f rom

  { go,  oo,  a, ,  x, ,  h, }

    = DR{ et ,  yt , c, , x, , h, }  ( O,  O,  go,  i j o,  Nl f o,  2o,  i po)

  3.  comput e ki  f rom

    ki  = DR{ h, . , } ( O,  O,  go,  i j o,  l l [ f o,  2o,  i po)

  4,  sol ve f or { gi ,  i j i ,  Wi , 2i ,  i pi }  f rom

 { gi ,  0i ,  i i ,  Xi ,  hi }

   = DR{ e, ,  y, , c, , x, , h, }  ( ki ,  eo,  gi ,  i j i ,  XYi ,  2i ,  i pi )

  5.  repeat  4 and 5 f or t he whol e peri od

    The propert i es of  t he comput ed exoge-

nous vari abl es are present ed i n Tabl e 3.  I

present  t he st andard devi at i on and cross-

correl at i on wi t h out put .  The government

shock i s t he most  vol at i l e shock among al l .

The mai n reason of  t hi s i s t hat  t he t rade

bal ance i s i ncl uded i n i t .  I t  has posi t i ve

correl at i on wi t h out put  and l ags t he busi ness

cycl e by t hree quart ers.  I nvest ment  speci f i c

t echnol ogy and pref erence shocks are

count er- cycl i cal  and coi nci dent  wi t h out put

f l uct uat i on.  Ef f ort  shocks are count er-

cycl i cal  and l ead t he busi ness cycl e by 4

quart ers,  From t hi s observat i on,  we can

conj ect ure t hat  t hi s shock i s i mport ant  i n

account i ng f or t he l ead i n hours.  Fi nal l y,

product i vi t y i s procycl i cal  and coi nci dent  as

i n t he st andard real  busi ness cycl e model .

4. 5 Si mul at i on

I n t he f ol l owi ng count erf act ual  si mul at i ons,  I

f eed speci f i c est i mat ed shocks t o t he model

separat el y.  That  i s,  I  assume t hat  t he shocks

except  f or t hose of  i nt erest  are equal  t o zero

f or al l  peri ods.  The moment s of  endogenous

vari abl es are comput ed f rom t hese si ngl e

si mul at i on resul t s.

    Tabl e 4 present  t he si mul at i on resul t s of

t he model  wi t h onl y product i vi t y shocks.

Product i vi t y shocks are shown t o be i mpor-

t ant  sources of  busi ness cycl es i n t he real

busi ness cycl e l i t erat ure.  However,  t here are

several  i mport ant  aspect s i n whi ch t he model

f ai l s.  Fi rst ,  hours worked are const ant  and

empl oyment  f l uct uat i on i s coi nci dent  wi t h

t he busi ness cycl e.  Second,  t he out put  f l uct ua-

t i on i s much great er t han dat a.  Thi s i s

because t he react i on of  l abor suppl y i s t oo

l arge.  Thi rd,  consumpt i on i s much l ess

vol at i l e t han dat a and l ags t he busi ness

cycl e6) .

    Tabl e 5 present s t he si mul at i on resul t s

of  t he model  wi t h i nvest ment  speci f i c t ech-

nol ogy and product i vi t y shocks,  Recent

l i t erat ure shows t hat  i nvest ment  speci f i c

t echnol ogy shocks are al so i mport ant  i n

account i ng f or busi ness cycl e f l uct uat i ons7' ) .

One maj or di f f erence i n t he resul t s i s t hat  t he

f i uct uat i on of  l abor and out put  i s cl oser t o

dat a.  Furt hermore,  consumpt i on i s coi nci dent

wi t h t he busi ness cycl e.  However,  hours

worked does not  f l uct uat e and empl oyment  i s

coi nci dent  wi t h t he busi ness cycl e.

    Tabl e 6 present s t he si mul at i on resul t s

of  t he model  wi t h i nvest ment  speci f i c t ech-

nol ogy,  ef f ort  and product i vi t y shocks.  I ncl ud-

i ng ef f ort  shocks dramat i cal l y i mproves t he

f i t  of  t he model .  Hours l ead and empl oyment

l ags t he busi ness cycl e.  The rel at i ve vol at i l i t y

i s al so comparabl e t o t hat  i n t he dat a as wel l .

Theref ore,  ef f ort  shocks are i mport ant  i n

account i ng f or t he l abor market  f eat ures i n

J apan.

            5.  Concl usi on

Thi s paper const ruct s a dynami c st ochast i c

general  equi l i bri um model  t o account  f or t he

f l uct uat i on pat t erns of  l abor market  vari abl es

i n J apan over t he 1980- 2007 peri od.  I  show

t hat  t he model  wi t h ef f ort  shocks al ong wi t h

product i vi t y and i nvest ment  speci f i c t echnol -

ogy shocks can repl i cat e t he busi ness cycl e

f l uct uat i on pat t erns i n J apan.  Moreover,

ef f ort  shocks are i mport ant  i n account i ng f or

t he l ead of  hours worked per worker and t he

l ag of  empl oyment  rel at i ve t o t he f l uct uat i on
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of  out put .

    I n t hi s paper I  t ake workers ef f ort s as

exogenous.  However,  i t  i s l i kel y t hat  ef f ort s

are react i ng t o some f undament al  economi c

shock.  I dent i f i cat i on of  t hi s shock i s neces-

sary t o deepen our underst andi ng of  t he

nat ure of  t he hours l ead and empl oyment  l ag.

Moreover,  t hi s mi ght  l ead t o an answer t o

why ef f ort  shocks syst emat i cal l y l ead produc-

t i vi t y shocks i n J apan.  One candi dat e i s t hat

t he ant i ci pat i on of  f ut ure product i vi t y shocks

af f ect s t he i nt ensi t y of  current  work.  Anot her

woul d be t hat  ef f ort  devot ed t o on- t he- j ob

t rai ni ng act i vi t i es not  onl y i ncreases current

product i on but  al so af f ect s f ut ure product i v-

i t y t hrough human capi t al  accumul at i on.

Fut ure st udy shoul d pursue t he underl yi ng

st ruct ure of  t he shocks t o ef f ort s.

     ( School  of  Economi cs,  Uni versi t y of  Kent )

Not es

  * I  woul d l i ke t o t hank t he edi t or,  Naohi t o Abe,

Hi dehi ko I shi hara,  Tsuyoshi  Mi hi ra,  Tsut omu Mi yaga-

wa,  Masaya Sakuragawa,  Yuki e Sakuragawa,  Et suro

Shi oj i ,  Toshi aki  Wat anabe,  Tomoaki  Yamada and

part i ci pant s of  t he Workshop at  Hi t ot subashi  Uni versi -

t y I nst i t ut e of  Economi c Research f or t hei r  hel pf ul

comment s.

  1)  I t  i s al so not  cl ear f or some j obs whet her some

act i vi t i es shoul d be count ed as l abor or l ei sure such as

researchers readi ng academi c j ournal s,  desi gners

readi ng magazi nes,  f i nanci al  i nvest ors wat chi ng news

and so on.

  2)  Thi s assumpt i on f ol l ows t he empl oyment

l ot t ery I i t erat ure.

  3)  The val ues are O. 36 f or J apan and O, 29 f or t he

US,  respect i vel y,  I  use t he Hayashi  and Prescot t

( 2002)  dat a set  over t he 1980- 2002 peri od f or J apan,

and BEA dat a over t he 1980- 2006 peri od f or t he US,

respect i vel y.

  4)  The capi t al  st ock seri es i s const ruct ed by t he

perpet ual  i nvent ory met hod.  I  separat el y comput ed

t he depreci at i on rat e of  resi dent i al ,  non resi dent i al ,

durabl e,  i nvent ory and government  capi t al  st ock by

i nt erpol at i ng observat i ons of  t hese asset s usi ng

i nvest ment  dat a per asset ,  I  comput e t he t ot al

depreci at i on rat e usi ng t he sum of  i nt erpol at ed capi t al

st ock and t ot al  i nvest ment .  The capi t al  st ock dat a i s

onl y used t o comput e t he depreci at i on rat e and i s not

used i n t he est i mat i on or si mul at i on.

  5)  I n t he si mul at i on sect i on,  I  di smi ss t hi s si mpl i -

f i cat i on and est i mat e t he ent i re st ochast i c process.

  6)  The t hi rd resul t  i s qui t e di f f erent  f rom a resul t

of  a st andard real  busi ness cycl e model  such as Hansen

f f    a

( 1985) .  Thi s i s because product i vi t y shocks creat e

spi l l over ef f ect s on ot her exogenous vari abl es t hrough

t he st ochast i c process.

  7)  Fi sher ( 2006)  shows t hat  product i vi t y and

i nvest met n speci f i c t echnol ogy shocks j oi nt l y account

f or 80 percent  of  t he busi ness cycl e f i uct uat i on i n t he

u. s.
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  21, No. 1, pp. 3- 16.  quart erl y depreci at i on rat e of  durabl e st ocks

Uhl i g,  H.  ( I 999)  "A Tool ki t  f or Anal yzi ng Nonl i near ( comp) )

  Dynami c St ochast i c Model s Easi l y, "  i n Mari mon and - quart erl y rat e of  ret urn on pri vat e capi t al  st ock

  Scot t  ( eds. ) ,  ComPut at i onal Met hodsf ort heSt ud) ,  of  ( comp)  == quart erl y margi nal  product  of  capi t al

  Pynami cEconomi es, pp. 30- 61.  ( comp) quart erl y depreci at i on rat e of  pri vat e

                                                       capi t al ( comp)

A.  Dat a Appendi x - quart erl y margi nal  product  of  pri vat e capi t al

The sources of  t he dat a i s as f o11ows.  For J apanese ( comp)  = capi t al  share of  i ncome( Hayashi  and

nat i onal  i ncome and product s account s,  I  used t he Prescot t )  Xquart erl ypri vat e capi t al  st ock( comp)

SNA st at i st i cs provi ded by t he Economi c and Soci al  - quart erl y st ocks( comp)  are comput ed usi ng

Research l nst i t ut e of  t he Cabi net  Of f i ce.  For J apanese si mpl e l i near i nt erpol at i on bet ween observat i on

l abor,  I  used t he Labor f orce survey provi ded by t he poi nt s

St at i st i cs Bureau of  t he Mi ni st ry of  I nt ernal  Af f ai rs - quart erl y depreci at i on rat es( comp)  are com-

and Communi cat i on.  For U. S.  nat i onal  i ncome and put ed usi ng t he perpet ual  i nvent ory met hod

product s account s,  I  used t he NI PA st at i st i cs provi ded eConsumpt i on( comp)  = f i nal  pri vat e consumpt i on

by t he Bureau of  Economi c Anal ysi s websi t e.  For U. S.  expendi t ure ( dat a) - househol d expendi t ure on dur-

l abor,  I  used t he Bureau of  Labor St at i st i cs websi t e.  abl e goods( dat a)

    Foreachcount ry, t hedef i ni t i onof vari abi esareas el nvest ment ( comp)  = gross domest i c capi t al

f oI I ows.  Comput ed vari abl es are t agged as "comp" f ormat i on( dat a)  + current  account ( dat a)  +

whi l e ori gi nar dat a obt ai ned f rom t he sources l i st ed househoi d expendi t ure on durabl e goods( dat a)

above are t agged as "dat a".  eGovernment  f i nal  consumpt i on expendi t ure

  eOut put ( comp) =GNP( dat a)  +f l ow servi ces f rom ( dat a)

    durabl e goods st ock( comp)  eHours worked( comp) =t ot ai  hours worked i n t he

    - f i ow servi ces f rom durabl e goods st ock( comp)  non- agri cul t ure sect or( dat a) /number of  workers

    = quart erry durabl e st ock( comp)  X ( quart erl y empl oyed i n t he non- agri cul t ure sect or( dat a)

    rat e of  ret urn on pri vat e capi t al  st ock( comp)  +

B.  Tabl es and Fi gures

                        Tabl e l a.  Busi ness Cycl e Feat ures of  J apan( 1980- 2007)

St andardDevi at i on Correl at i onof Out put wi t h

rel at i vet o

v

c/o

Out put v( - 5) v( - 4) v( - 3) v( - 2) v( - 1) v( O) v( 1) v( 2) v( 3) v( 4) v( 5)

Out put O. 95% 1. 00 O. 07 O. 24 O. 46 O. 61 O. 78 1. 00 O. 78 Q61 O. 46 024 O. 07

Consumpt i on O. 51o/ . O. 53 O. 03 O. 06 O, 24 0. 19 0. 24 O. 49 O. 24 O. 17 O. 23 0. 18 O. 17

I nvest ment 3. 17C/o 3. 34 O, 22 O, 36 O. 52 O. 65 O. 79 O. { 1 O. 74 O. 57 O, 37 O. 14 - O. 06

Labor O. 74% O, 78 O, 16 O. 28 O. 35 O. 46 O. 53 O. 45 O. 39 O. 25 O. 13 o. oo - O. 11

Hours O. 46o/ . O, 48 - O, 35 - O. 28 - O. 09 O. 11 O. 28 O. 40 O. 54 O. 59 O. 62 O. 59 O. 48

Empl oyment
O. 68c/ , O. 72 0. 41 O. 49 O. 45 O, 43 O, 39 O, 21 O, 06 - O. 13 - O. 27 - O, 39 - O, 43

Tabl e l b.  Busi ness Cycl e Feat ures of  t he U. S. ( 1980- 2007)

St andardDevi at i on Correl at i onof Out put wi t h

rel at i vet o

v % Out put v( - 5) v( - 4) v( - 3) v( - 2) v( - 1) v( O) v( 1) v( 2) v( 3) v( 4) v( 5)

Out put 1. 15C/o 1. 00 O, 05 O. 28 O. 50 O. 68 O. 86 1. 00 O. 86 O. 68 O. 50 O. 28 O. 05

Consumpt i on O. 67o/ . O. 58 O, 14 O. 39 O. 56 O. 68 O. 78 O. 84 O. 73 O. 61 O. 47 O. 31 O. 17

I nvest ment 4. 37% 3, 81 O. 16 O. 36 O, 54 O, 69 O, 84 O. 94 e, 76 O, 53 O. 33 O. 08 - O. 18

Labor 1. 31% 1. 15 - O. 04 O. 16 O, 36 O. 56 O. 75 O. 89 O. 87 O. 78 O, 66 O. 46 026

Hours 1. 10% O. 96 - O. 11 O. 08 028 O. 47 O. 67 O. 84 O. 88 O. 84 O. 76 O. 60 O. 41

Empl oyment O, 36o/o O. 31 O. 18 O. 34 O. 48 O. 60 O. 69 0. 70 O. 50 O. 27 O. 09 - 0. 14 - O. 31
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Tabl e 2. Paramet er and St eady St at e Val ues

st ruct ural

paramet ers

e

O

.

4

5

7

6

e

.

o

2

o

F

1

.

0

0

3

5

B

O

.

9

8

2

"

O

.

1

4

2
exogenous

st eadyst at e

g

O

.

2

8

2

v

1

W

O

,

3

3

1

i

p

1

z

1
endogenous

st eadyst at e

y

1

.

8

8

0

c

L

l

1

4

x

O

.

4

8

4

h

O

.

4

4

4

e

O

.

5

6

7

Tabl e 3. Propert i es of  t he Exogenous Vari abl es

St andardDevi at i on Correl at i onof Out put wi t h

rel at i vet o

v % Out put v( ' 5) v( - 4) v( ` 3) v( - 2) v( - 1) v( O) v( 1) v( 2) v( 3) v( 4) v( 5)

Out put O. 95C/ , 1. 00 O. 07 O. 24 O. 46 O. 61 O. 78 1. 00 O, 78 O. 61 O. 46 O. 24 O. 07

Government 22oo/ , 2. 32 - O. 35 - O. 26 - O. 20 - O. 04 O. 09 O. 18 021 O. 20 O. 22 O. 19 O. 20

I nv. Tech. O. 61% O. 64 - O. 21 - O. 34 - O. 49 - O. 55 - O. 64 - O. 83 - O. 52 - O. 31 - O. 14 O. 08 O. 20

Pref erence O. 66c/ , O. 70 - 027 - O. 40 - O. 45 - O. 55 - O. 62 - O. 65 - O. 47 - 028 - O. 05 O. 16 O. 29

Ef f ort O. 73o/ , O, 77 - O, 42 - O. 52 - O. 48 - O. 48 - O, 46 - 029 - O. 13 O. 08 025 O, 39 O. 44

Product i vi t y 094% O. 99 O. 25 O. 39 O. 56 O, 64 O, 76 O. 9. 2 O. 63 O. 41 O. 22 - O. 02 - O, 17

Tabl e 4. Resul t  of  t he Si mul at i on wi t h Product i vi t y Shocks

St andardDevi at i on Correl at i onof Out put wi t h

rel at i vet o

v

t /o

Out put v( - 5) v( "4) v( - 3) v( - 2) v( "1) v( O) v( 1) v( 2) v( 3) v( 4) v( 5)

Out put 2D8"/e 1, OO O. 08 O. 23 O. 43 O. 57 O. 75 1. 00 O, 75 O. 57 O. 43 O. 23 O. 08

Consumpt i on
o, s4c/ . O, 26 - O. 48 - O, 43 - O. 35 - O. 23 - O. 08 O. 11 O, 35 O. 52 O. 64 O. 71 O. 72

I nvest ment
8. 04o/ , 3. 86 0. 15 O. 30 O. 49 O. 61 O. 77 O. 99 O, 70 O. 49 O. 33 O. 12 - O, 03

Labor
2. 0go/ , 1. 01 O, 20 O. 34 0. 52 O. 63 O, 77 O. 97 O. 65 e, 43 O. 26 O. 05 - O. 11

Hours o. oo% o. oo

-
- t

- - - - - r - "
rr

Empl oyment
2. 0ge/ , 1. 01 O. 20 O. 34 O, 52 O. 63 O. 77 097 O. 65 O. 43 O. 26 O. 05 - O. 11

Tabl e 5. Resul t  of  t he Si mul at i on wi t h I nvest ment  Speci f i c Technol ogy and Pro duct i vi t y Shocks

St andardDevi at i on Correl at i onof Out put wi t h

rel at i vet o

v

o

/

o

Out put v( - 5) v( - 4) v( - 3) v( - 2) v( - 1) v( O) v( 1) v( 2) v( 3) v( 4) v( 5)

Out put 1, 11"/o 1, OO O. 10 O. 27 O. 47 O. 64 O. 81 1. 00 O. 81 O, 64 O. 47 O. 27 O. 10

Consumpt i on O. 87o/ , O. 78 O. 04 O. 18 O. 36 O. 47 O. 62 O. 82 O. 65 O. 49 O. 39 O. 22 O. 10

I nvest ment
2. 9oc/ , 2. 60 O. 12 O. 28 O. 46 O. 63 O. 78 092 O. 76 O. 61 O. 43 O. 25 O. 08

Labor
O. 63o/ , O. 57 O. 13 O. 23 O. 34 O. 48 O. 57 O. 62 O. 53 O. 45 O, 29 O. 17 O. 04

Hours
O. ooe/ , o. oo

. -

- - - - - - - m - -

Empl oyment O. 63% O. 57 O, 13 O. 23 O. 34 O, 48 O, 57 O. 62 O. 53 O. 45 029 O. 17 e. o4

Tabl e 6. Resul t  of  t he Si mul at i on wi t h I nvest ment  Speci f i c Technol ogy,  Ef f ort  and Pro duct i vi t y Shocks

St andardDevi at i on Correl at i onof 0ut put wi t h

rel at i vet o

v

c/o

Out put v( - 5) v( - 4) v( - 3) v( - 2) v( - 1) v( O) v( 1) v( 2) v( 3) v( 4) v( 5)

0ut put 098%
1. 00 O. 10 O, 26 O. 47 O. 62 O. 78 1. 00 O. 78 O. 62 O. 47 O. 26 O. 10

Consumpt i on O. 9oe/ , O. 91 O. 19 O, 35 O. 50 O. 59 O. 70 0. 87 O. 58 O. 37 O. 22 o. oo - O. 11

I nvest ment
2. 26o/ . 2. 30 - O. Ol O. 12 O. 35 O, 51 O, 69 O. 89 O. 80 O. 70 O. 60 O. 43 O. 26

Labor
O. 87t /e O. 89. O. 30 O. 41 O. 50 O, 58 O, 64 O. 55 O. 47 O. 32 O. 16 O. 03 - O. 10

Hours O. 73% O, 75 0. 46 O. 56 O, 56 O. 58 O, 55 O. 38 O, 21 o. oo - O. 18 - O. 31 - O. 38

Empl oyment
o. 4gc/ . O, 50 - O. 16 - O. 12 O. 04 O. 17 O. 30 e, 42 O, 52 O. 56 O. 56 O. 53 O. 39
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