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A R a t i o n a l Expec ta t ions E q u i l i b r i u m Model 
of the C y c l i c a l Behavior o f I nven to r ies and Employment 

Mar t i n S. Eichenbaum 

Nota t ion 

S ( t ) = Sa les of the rep resen ta t i ve f i rm a t t ime t . 

n = Number o f f i rms i n the i n d u s t r y , assumed constant over t ime. 

(1-a) = The ra te of d e p r e c i a t i o n per u n i t of time of i n v e n t o r i e s of 

f i n i s h e d goods. 

L ( t ) = The amount of labor employed by the rep resen ta t i ve f i rm dur ing 

time t . 

Q(t) = Output o f the rep resen ta t i ve f i rm at time t . 

I ( t ) = Stock o f i n v e n t o r i e s o f f i n i s h e d goods of the rep resen ta t i ve f i r m 

a t the beg inn ing o f pe r i od t . 

P ( t ) = P r i c e o f a f i n i s h e d good so ld dur ing per iod t . 

d)(t) = Renta l ra te of l abor a t time t . 

Z ( t ) = A (px1) vector whose f i r s t element i s co(t) and whose second 

element i s P ( t ) ; the remaining elements of Z ( t ) are v a r i a b l e s 

tha t help to p r e d i c t to ( t ) ' s and/or fu tu re P ( t ) ' s . 

p ( t ) = A random shock to c o s t s . 

4»(t) = A random shock to c o s t s . 

= A (1xp) row vector w i th one i n the f i r s t p lace and zeroes 

elsewhere. 

&2 = A (1xp) row vector w i th one i n the second p lace and zeroes 

e lsewhere. 

tt^ = The in fo rmat ion set of the rep resen ta t i ve f i rm a t time t . 

B = A d iscount f a c t o r , 0 < B < 1. 
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f 
a , d, e, f , and g are p o s i t i v e s c a l a r cons tan ts , — > ( 1 - a ) . 

9 
? (L ) = I 

j=1 J 

where 5 i s a (pxp) ma t r i x , j = 1, q , and I i s the (pxp) i d e n t i t y m a t r i x . 
J 

r 
6 . ( L ) = 1 - V 6 L j , 

* j=1 * j 

where 6. > j = 1» •• •» r , i s a s c a l a r 

6 (L) = 1 - Y 6 L j , 
J=1 P J 

where 6 , j = 1, r , i s a s c a l a r . 
P j P 

The Problem of the Representa t ive Fi rm 

Maximize 

N t-
l i m I B t , { P ( t ) [ a L ( t ) - I ( t + 1 ) + o K t ) ] - o ( t ) L ( t ) 
N-*» t=0 

- | [ L ( t ) + p ( t ) ] 2 - f [ L ( t + 1 ) - L ( t ) ] 2 

2 l " v v " 2 ' 

- | [ K t ) + ^ ( t ) ] 2 - f [ l ( t + 1 ) - a l ( t ) ] 2 } (4) 

sub jec t to L Q , IQ g iven and 

M L t y U ) = u | (1) 

S <L)p(t) = UP (2) 
P c 

^ (L )Z ( t ) = (3) 

p ( t ) , \J)(t) and Z ( t ) are o f mean exponent ia l order l e s s than 1 / /B , and O i nc l udes 
c 

a t l e a s t { I ( t ) , I ( t - 1 ) , . . . L ( t ) , L ( t - 1 ) , . . .l|>(t) ,<l>(t-1),.. . p ( t ) , P ( t - 1 ) , . . .0)(t) , 

( j j ( t - l ) , . . . P ( t ) , P ( t - 1 ) , . . . } , as w e l l as the parameters of ( 1 ) , (2) and (3 ) . 
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The unique s o l u t i o n o f the above problem tha t s a t i s f i e s the Eu le r 

equat ions and the t r a n s v e r s a l i t y c o n d i t i o n i s : 

X,B » 

L(t+1) = X«L( t ) - -±- T (X ,B ) J [ dE . p ( t + j+1 ) + E. u ( t+ j+1) 

- aE t P(t+j+1)] (9) 

X . B f oo \ P ( t ) 
I(t+1) = X 3 K t ) - I ( X 3 B ) J E t ^ ( t + j + 1 ) -

Xo XoB CO . 
+ )-~~ y (XoB) J E.P(t+ j+1) (14-) a g j £ 0 3 t 

0 < x1 < 0 < x3 < 1 / /B . 

Ne i ther (9) nor (14 ' ) are d e c i s i o n r u l e s because terms l i k e 

Ej.p(t+j+1), E^pCt+j+l) , E^\J)(t+j+1), f o r a l l j g rea te r than z e r o , are unknown to 

f i rms a t time t . Such terms must be expressed as func t i ons of the elements of 

agents ' i n fo rma t ion s e t , fl.. 

By imposing r a t i o n a l expec ta t ions and s u b s t i t u t i n g i n the opt ima l p r e 

d i c t i o n s , we f i n d tha t the d e c i s i o n r u l e s a r e : 

X B L " 1 - L " 1 C " 1 ( X 1 B ) C ( L ) 
L(t+1) = X L ( t ) - 4 - { ( J L - a S , „ ) [ 1 ]}Ut) 

1 - X ^ L " 1 

X.Bd [ L " 1 - L " 1 6 " 1 ( X 1 B ) 6 n ( D ] 
- 2 2 p ( t ) (11) 

1-X BL~' 

X P ( t ) X L B 
I ( t + 1 ) = X 3 I ( t ) + - " ^ r - + ( 1 a } g 2 

L " 1 - L " \ " 1 ( X , B ) ^ ( L ) X . B f L " 1 - L " 1 6 " 1 ( X , B ) 5 . ( L ) 
[ i- ] Z ( t ) [ H 4 ] i p ( t ) . ( 1 5 ) 

1-X 3BL~ ° S 1-X B L " ' 

I f p r i va te agents observe p ( t ) and ip(t) but the econometr ic ian does 

not , the econometr ic model becomes 

X.B L " 1 - L _ 1 ^ - 1 ( X 1 B ) C ( L ) 
L(t+1) = \L(t) - -^-{(1 -al )[ ] } z ( t ) + e i ( t ) (a) 

1 - X ^ L " 1 
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X P( t ) X L B 
I ( t + 1 ) = X I ( t ) + - -j- + ( 1 — J ) - ^ - ^ 

3 ag a g 2 

L * 1 - L ' 1 ^ " 1 ( X B)C(L) 
[ ] Z ( t ) + e „ ( t ) ( 15 ' ) 

1 - X 3 B L _ I ' 

£ ( L ) Z ( t ) = U Z ( t ) (c) 

L(t+1) = \ 1 L ( t ) = b (L )Z ( t ) + e ^ t ) ( a ' ) 

X 

K t + 1 ) = X l ( t ) + C(L )Z ( t ) - r f P ( t ) + eAt) ( b ' ) 

? (L )Z ( t ) = U Z ( t ) (c») where 

X.Bd L ~ 1 - L " 1 6 " 1 ( X 1 B ) 6 r t ( L ) . 
eAt) r - - * - [ e L _ J L _ ] , - i ( L ) U P ( T ) 

1 6 1 - X ^ L " 1 P 

X_Bf L ~ 1 - L - 1 6 " 1 ( X J B ) 6 . ( L ) , ,, 

^ - - ^ , . ^ - 1 * 1 { * ( L ) 0 ( t ) 

q-1 , 
b(L) = J. b . L J 

j=0 J 

and 
Q-1 ^ 

c (L ) = I c . L J . 
j=0 J 

Not ice that because the b (L) and c ( L ) , j = 1, q - 1, are non l inear func-
J J 

t i ons o f p roduc t ion parameters, as w e l l as the parameters o f £ ( L ) , es t ima t ion o f 

the system { a ' , b ' , c ' } i s sub jec t to c ross -equa t i on r e s t r i c t i o n s . 

Example 

I f 

P ( t ) = 9 P P ( t - 1 ) + U P ( t ) 

«i»(t) = e**(t-i) + (At) 

u ( t ) = e u (o(t- i ) + u w ( t ) 
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p( t ) = 6 P p ( t - 1 ) + U P ( t ) 

L ( t + 1 ) = X l L ( t ) -
8 i-x^e" 

I( t+1) = X , I ( t ) - — — —. 
5 a g (i-x3Be,J') oqd-x^e^) 

Compet i t ive E q u i l i b r i u m 

The i ndus t r y demand curve f o r f i n a l consumption o f the good i s g iven by 

P( t ) = A Q - A 1 S ( t ) + U ( t ) , A Q f A 1 > 0 

where " - " denotes an indus t ry -w ide v a r i a b l e . 
r 

s . 
o(L)U ( t ) = V s ( t ) , ct(L) = I o u L J . 

j=0 J 

Let M(t) be a (px l ) vec to r random process that obeys 

£(L)M(t) = A t ) . (25) 

We now l e t w(t) be the f i r s t element o f M(t). 

The rep resen ta t i ve f i r m ' s problem i s to choose l i n e a r cont ingency 

plans f o r L(t+1) and I(t+1) as func t ions of the in fo rmat ion a v a i l a b l e a t time t , 

of the form 

L(t+1) = f Q + c L L ( t ) + O j l ( t ) + f L ( L ) L ( t ) + f ] . ( L ) I ( t ) + f M ( L ) M ( t ) 

+ f (L)U ( t ) + f. (L)iD(t) + f (L )p ( t ) (28) u g s p 

K t + 1 ) = g Q + d L L ( t ) + d j K t ) + g L L ( t ) + g j l ( t ) + g M (L )M( t ) 

+ g (L)U ( t ) + g , ( L ) 4 ( t ) + g (L )p ( t ) (29) u s \IJ p 

to maximize 
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N 
l i ra E I B { [A - -A . [aL ( t ) - I ( t +1 )+a I ( t ) ] ] [ aL ( t ) - I ( t +1 ) 
N-KO u t=0 u ' 

+ a l ( t ) - w ( t )L ( t ) - | [ L ( t ) + p ( t ) ] 2 

- | [ L ( t + 1 ) - L ( t ) ] 2 - | [ I ( t ) - l | i ( t ) ] 2 

- | [ i ( t + D - a i ( t ) ] 2 } 

sub jec t to L Q , IQ g i ven and 

o(L)U ( t ) = V S ( t ) (22) 
5 

6.(L)\|>(t) = D*(t) (23) 

6 p ( L ) p ( t ) = U P ( t ) (24) 

C(L)M(t) = V ^ t ) , (25) 

and f i rms view the aggregate stock of i n v e n t o r i e s and l abo r as evo l v i ng accord ing 

to 

L(t+1) = F Q + F L L ( t ) + F j l ( t ) + F M (L )M( t ) + F U ( t ) 
s 

+ F^ (L ) iK t ) + F p ( L ) p ( t ) (26) 

I(t+1) = G + G .L ( t ) + G_I(t) + G M (L )M( t ) + G U ( t ) 0 L I M u s 
S 

+ G^(L) iMt) + G ( L ) p ( t ) . (27) 

D e f i n i t i o n : A r a t i o n a l expec ta t ions e q u i l i b r i u m i s four l i n e a r func t ions (26 ) , 

(27 ) , (28 ) , and (29) such tha t 

( i ) g i ven the aggregate laws o f motion (26) and (27 ) , the cont ingency 

p lans (28) and (29) so lve the f i r m ' s problem; and 
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( i i ) the cont ingency p lans o f the r ep resen ta t i ve f i r m (28) and (29) imply 

the aggregate laws of motion (27) and (28) so that 

and 

F ( 0 = n f ( . ) 

G ( . ) = n g ( 0 . 

The s o l u t i o n to the above problem reduces to s o l v i n g the f o l l o w i n g 

Eu le r equa t ion . 

where 

and 

G l Y(t+1) + GqY( t ) + G _ 1 Y ( t - 1 ) = £ ( t ) 

Y ( t ) = 
L ( t ) 

K t ) 

0 
2x2 

G-1 
2x2 

p 

-[Bd+e(1+B) 

+nBa 2A 1 ] 
-BonA^a 

- B a n A ^ 
-[Ba 2g+g+Bf 

+BnA 1 +B 2 a 2 nA 1 ] 

e 0 

anA 1 g + BnA-o 

G1 = 

eB BanA 

Bog + B nk^o 
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and 

L ( t ) = 
2x2 

Bdp(t) + Bw(t) - BaU s ( t ) - BaA Q 

Bf^Ct ) + U ( t -1 ) - B a U ( t ) + A - B a A 

I t tu rns out that s o l v i n g the above equat ions f o r the e q u i l i b r i u m paths 

o f L(t+1) and I(t+1) i s equ iva len t to s o l v i n g the f o l l o w i n g s o c i a l p lann ing  

problem, which c o n s i s t s of maximizing the expected d iscounted consumer surp lus 

from s a l e s o f the good minus the t o t a l s o c i a l cos ts o f p roduc t i on , or 

Maximize 

N 

N-KO t = 0 
l im E Q I B L { n [ A 0 + U s ( t ) ] [aL( t ) - I ( t+1 )+oK t)] 

A n 2 

[ a L ( t ) - I ( t + l ) + a K t ) ] 

- (o( t )nL(t ) - ^ [ L ( t ) + p ( t ) ] 2 

- 5 | [ L ( t + 1 ) - L ( t ) ] 2 - % I ( t ) - H j , ( t ) ] 2 

- £ | [ I ( t + 1 ) - 0 I ( t ) ] 2 } (33) 

sub jec t to Lq and Iq g i ven and 

£ (L )M( t ) = V M ( t ) (25) 

tt(L)U ( t ) = V S ( t ) (22) 
5 

6 (L)^(t) = U^(t) (23) 

6 (L)p(t) = uP(t). (24) 
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The in fo rmat ion s e t f t ( t ) c o n s i s t s of at l e a s t {L( t ) , I ( t ) ,"ii>(t) ,U ( t ) , p ( t ) } , and 

the parameters o f the s t o c h a s t i c processes (22) , (23) , (24) , and (25) are known 

w i th c e r t a i n t y by the s o c i a l p lanner . The maximizat ion i s over l i n e a r c o n t i n 

gency p lans s e t t i n g L(t+1) = nL(t+1) and I(t+1) = n l ( t ) as f unc t i ons o f the 

s o c i a l p l a n n e r ' s in fo rmat ion set fi(t). 

The e q u i l i b r i u m laws of motion fo r L(t+1) and I(t+1) w i l l then be of 

the form 

L(t+1) = F . + F . L ( t ) + F_I(t) + F M (L )M( t ) + F (L)U ( t ) 0 L I M U S 
S 

+ F ^ ( L ) f ( t ) + F p ( L ) p ( t ) (39) 

T(t+1) = G Q + G L L ( t ) + G ] ; I ( t ) + G M (L )M( t ) + G u U g ( t ) 
s 

+ G^(L)^ ( t ) + G p ( L ) p ( t ) . (40) 

P r o p o s i t i o n 

For the l i n e a r quadra t i c model under c o n s i d e r a t i o n , i n which produc

t i o n and inventory cos ts are a d d i t i v e l y sepa rab le , the r a t i o n a l expec ta t ions 

e q u i l i b r i u m laws of motion fo r l abor and i n v e n t o r i e s decompose, F = G = 0, i f 
J. Li 

and only i f the e l a s t i c i t y o f consumer demand fo r i ndus t r y output i s 

S ( t ) 3S(t ) 
P ( t ) " 9P( t ) = " • 

In the absence of such r e s t r i c t i o n s , the econometr ic model becomes 

L(t+1) = Fq + F L L ( t ) + F j l ( t ) + F M (L )M( t ) 

+ F u (L)U ( t ) + I L ( t ) (41) 
s 

I ( t+1) = G Q + G L L ( t ) + G ] . I ( t ) + G M (L )M( t ) 

+ G u ( L ) U s ( t ) + lz(r) (42) 
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a(L)U ( t ) = V ° ( t ) 
S 

(22) 

and 

where 

and 

C(L)M(t) = A t ) 

lL = F.(L)l|>(t) + F p ( L ) p ( t ) 

lx = G^(L)ip(t) + G p ( L ) p ( t ) . 

Es t ima t ion 

Def ine 

L ( t ) ij)(t) 
, I<t> = ri L

( t>i y ( t ) = <j>(t) = , I<t> = ri L

( t>i 
I ( t ) C( t ) 

, I<t> = 
i x ( t ) 

TI^L) = 

F L ( L ) ? j ( L ) 

G L ( L ) G j (L) 

, TT2(L) = 

F M ( L ) F u (L) 

G M (L ) G (L) M u s J 

2 ( t ) d = 
M(t) 

us(t) 

U(t) = 

0 

V f c ) 

L U P U ) J 

, TI 3(L) = 

0 

F. (L) F (L) »p p 

G. (L) G (L) 
«|J P 

6(L) = 

<S~1(L) 
p 

, and V( t ) = 
vs(t) 

Hence, our system may be w r i t t e n as 

y(t+1) = i r 1 ( L ) y ( t ) + i r 2 ( L ) 2 ( t ) + £ ( t ) 

(25) 

a ( t ) = TT3(L)(t>( t ) 
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c t f D i y t ) = v ° ( t ) 

C(L)M(t) = V M ( t ) . 

In t roduce the new process 

C( t ) = U( t ) - X V ( t ) 

where C( t ) i s a (2x1) column vec to r and X i s a (2x(P+1)) mat r ix where 

E [C( t )V ( t ) ] = 0. Note that i f U( t ) and V( t ) are unco r re la ted X = [0] and C( t ) = 

U ( t ) . 

Then the system to be est imated i s 

-1 y(t+1) = [ I - t t ^ U ] [TT 2 (L)$(L ) + 7 T 3 (L)6(L)X]V( t ) 

+ [ l - T T 1 ( L ) ] " 1 [ T i 3 ( L ) 6 ( L ) ] C ( t ) (a) 

(b) 5 (L)M( t ) = v"(t) 

M M' EC.C. . = 0, EV.VV . = 0 t t - j ' t t - j 

f o r j i 0 and 

M 
E Vt-j=o 

fo r a l l j . Note that M(t) i s s t r i c t l y exogenous i n the equat ion o f the above 

system. 

Def ine 
r -i r ~l 

y i 
• 

M i 

y t • 
y t _ " T _ 
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Then the normal log l i k e l i h o o d f unc t i on f o r (y^.,M^) i s 

£ T = - ^(T+TPj log 2tt - g l o g det r? - |ty^M»]rjf1 

where 

r* n 
y T 

M m M m 

T. . T. 

where the mean (y^,,M^,) i s zero because we are d e a l i n g i n d e v i a t i o n s from the 

mean. 

Hannan (1970) has suggested an approx imat ion to the above l o g l i k e l i 

hood f unc t i on Z^., 

T 
» = - J(T+TP)log 2tt - l I l o g {dettS(o) )]} 

^t=1 
T 

- ^ f t race [S(a> T ) " 1 I ( w J ] 

where K W j ) i s the periodogram fo r the ( Y t , M T ) process at f requency U K = and 

S(w) i s the t h e o r e t i c a l s p e c t r a l dens i t y mat r ix of (Y^,,M^,) p rocess . One then 

maximizes £ * by one of s e v e r a l acceptab le i t e r a t i v e methods, beg inn ing from an 

i n i t i a l c o n s i s t e n t est imate of the f r ee parameters. 



Appendix B - Numerical Examples 

We now cons ider va r ious numer ica l examples of the compet i t i ve e q u i l i b 

rium emerging from the model o f Sec t i on I I . 2 . 

As we i n d i c a t e d i n Sec t i on I I , i n order to compute the e q u i l i b r i u m laws 

of motion f o r [L( t+1) , l ( t+1) ] = [nL ( t+1) ,n l ( t+1 ) ] , we so l ve the f o l l o w i n g s o c i a l 

p lann ing problem; maximize 

E Q I B t [ n [A 0 +U s ( t ) ] [ aL ( t ) - I ( t +1 )+a I ( t ) ] ( 3 3 ) 
t—0 

A n 2

 2 

- [aL( t ) - I ( t+1)+aKt) ] 

- w(t)nL(t) - | ^ [ L ( t ) + p ( t ) ] 2 - § ^ [ L ( t + 1 ) - L ( t ) ] 2 

- | S [ I ( t ) + ¥ ( t ) ] 2 - § £ [ I ( t + 1 ) - a I ( t ) ] 2 

sub jec t to 

a (L )U ( t ) = V S ( t ) ( 2 2 ) s 

6 y ( L ) Y ( t ) = U S ( t ) ( 2 3 ) 

6 p ( L ) p ( L ) = U P ( t ) ( 2 4 ) 

5 (L )M( t ) = V m ( t ) ( 2 5 ) 

where w(t) i s the f i r s t element of the (Px1) vec to r process M ( t ) . At t ime t the 

s o c i a l p lanner knows J L ( t ) , I ( t ) , L ( t ) , T ( t ) } and { M ( t ) , M ( t - 1 ) , . . . , U ( t ) , U ( t - 1 ) , 
s s 

. . . , p ( t ) , p ( t - 1 ) , . . . , , f ( t ) , , F ( t - 1 ) , . . . } , as w e l l as the parameters o f ( 2 2 ) , ( 2 3 ) , 

( 2 4 ) , ( 2 5 ) , and those of the demand schedu le , AQ and A^ . 

The maximizat ion i s over l i n e a r cont ingency p lans f o r s e t t i n g [L(t+1), 

I( t+1)] as func t ions of the elements of the p l a n n e r ' s i n fo rma t ion set a t t ime t . 

Given the op t ima l d e c i s i o n r u l e fo r [L ( t+1) , I ( t+1) ] , the e q u i l i b r i u m laws o f 



motion fo r [L( t+1), I ( t+1)] i s obta ined by us ing [L(t+1),K(t+1)] = n [L( t+1) , 

I ( t+1 ) ] . For a l l the examples, s o l u t i o n s are a r r i v e d at by i t e r a t i n g on the 

mat r ix R i c c a t i d i f f e r e n c e equat ion u n t i l the convergence c r i t e r i o n i s f u l f i l l e d . 

In p a r t i c u l a r , success i ve i t e r a t i o n s were performed on the feedback law 

F t = B [ Q + 6 B 1 P t B ] " 1 B 1 P t A 

where i t e r a t i o n s on the mat r ix R i c c a t i d i f f e r e n c e equat ion 

P T + 1 = 8 A 1 P f c A + R - B 2 A 1 P t B [ Q + B B 1 P t B ] " 1 B 1 P t A 

were s t a r t e d from PQ = 0 . Convergence was c la imed when the norm, de f ined as the 

maximum abso lu te va lue over the elements o f (P. ,j—F. ) f was l e s s than 10~^. 

For a l l of the examples we assumed B = . 7 , n = 1,000, a = . 8 , d = 1.5, e 

= 1.4, f = 1.2. We a l s o se t A^ = 0 , which i s equ iva len t to s e t t i n g constant terms 

i n the e q u i l i b r i u m [L( t+1), I ( t+1)] equal to z e r o . As such, the e q u i l i b r i u m 

desc r i bes v a r i a b l e s measured i n d e v i a t i o n s from the mean. 

( I ) A. = .010, g = 1.3, a = 0.0 or a d e p r e c i a t i o n ra te o f 100 percen t . 

L(t+1) .33750 0 L(t) l 

K t + 1 ) .20678 0 | K t ) 

- .09568 - .17696 -.05481 .01021 r w ( t ) i 
p(t) 
^ ( t ) 

- .05862 - .10842 -.07034 - .01672 y t ) 

^ = .010, g = 1.3, a = .2 

L(t+1) .33550 -.02521 rutf! 

I ( t+1) .20511 .16661 I(t) 



( I l l ) 

( IV) 

(V) 

- .09412 - .17432 - .05696 .01031 rw(t)l 
p(t) 
f ( t ) 

- .05732 - .10565 - .07345 - .01666 u s ( t ) 

l 1 = .010, g = 1.3, a = .5 

L(t+1) .33603 - .05845 

Kt+1) .20700 +.42522 

L ( t ) 

K t ) 

.09361 - .17230 - .06218 .01019 

.05661 -.10371 -.08064 - .01692 

A 1 = .010, g = 1.3, a = .9 

L(t+1) 

K t + 1 ) 

.36381 -.02064 

.24159 .87532 

.10340 

.06817 

19117 

12573 

L(t) 

K t ) 

.08547 

.10970 

A 1 = .001 , g = 1.3, a = 0.0 

L(t+1) 

K t + 1 ) 

.41677 0 

.08218 0 

L ( t ) 

K t ) 

w(t) 
p ( t ) 
T ( t ) 
u s(t) 

.00811 

.01955 

w(t) 
p ( t ) 
¥ ( t ) 
u s(t) 

.12199 

.02405 

.22734 

.04483 

.02233 

.12271 

.04130 

.06580 

w(t) 
p ( t ) 

u s ( t ) 



(VI) A 1 = .001, g = 1.3, a = .2 

( IX) 

L(t+1) 

Kt+1) 

.41615 - .01037 

.08021 .13823 

L(t) 

K t ) 
— 1— 

- .12167 - .22668 - .02267 .04169 fw(t) l 
p(t) 

+ ?(t) 
- .02290 - .04246 - .12689 -.06474 u s(t) 

(VI I ) A. = .001, g = 1.3, a = .5 

L(t+1) 

Kt+1) 

.41483 -.02911 L ( t ) 

.07540 .33669 

- .12102 

- .02038 

.22535 

.03725 

K t ) 

.02660 

.13095 

(V I I I ) A 1 = .001 , g = 1.3, a = .9 

L(t+1) [".41219 - .06546 [~L(t)"j 

Kt+1) .06450 .55782 K t ) 

A. = .010, g = . 3 , a = .9 

L(t+1) .42445 - .02823 ^ L ( t ) l 

Kt+1) .31959 .86650 K t ) 

.04253 

.06184 

fw(t) 
p ( t ) 
nt) 
U ( t ) . s J 

- .11980 - .22280 - .02073 .04428 

- .01507 - .02624 - .12885 -.05484 

[ w ( t ) l 
p ( t ) 
m ) 
u s ( t ) 



(X) 

.12307 - .22848 -.11481 .00343' 

.09188 -.17011 - .14633 -.02571 

'w(t) 1 
p(t) 
f(t) 

Lu (t)J 

A. = .010, g = . 1 , o = .9 

[L( t+1)"] 

.K t+1 ) . 

.44195 -.03050"! |~L(t) 

.34190 .86389 . K t ) . 

(XI) 

.12888 - .23995 - .12337 .00210" 

.09882 - .18317 - .15692 - .02746 

fw(t) "I 
p(t) 
y(t) 

- Lus(t)J 

A 1 = .010, g = .00001, o = .9 

L(t+1)"| 

LKt+D. 

.45171 -.031781 | "L ( t ) 

..35431 .86242. . K t ) . 

13215 - .24580 - .12817 .00135" 

10272 -.19051 - .16284 - .02843 

w(t) " 
p ( t ) 
V ( t ) 

J » B ( t ) -

While we repor t the f o l l o w i n g r e g u l a r i t i e s observed i n the s p e c i f i c 

examples c a l c u l a t e d , no c la ims are made f o r t h e i r robustness i n the face o f 

a l t e r n a t i v e s p e c i f i c a t i o n s fo r equat ions (22) , (23) , (24) , (25) , and the other 

parameters o f the model. 

3L(t+1) 3L(t+1) 3I(t+1) 3I(t+1) K n 3I(t+1) s . 
3 L ( t ) > U ' 3 I ( t ) < U ' 3L ( t ) > U ' 3L ( t ) > U ' 3 I ( t ) > U 

3Kt+1) n 3Kt+1) 3L(t+1) 3L(t+1) 
3-F(t) < u ' 3U ( t ) < U ' 3p( t ) < U ' 3U ( t ) > U 


