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Despi te h i s t o r i c a l l y h igh nominal i n t e r e s t r a t e s , hous

ing a c t i v i t y grew r a p i d l y between 1 9 8 2 and 1 9 8 4 . S i n g l e fami l y 

housing s t a r t s , fo r example, grew from a s e a s o n a l l y ad jus ted ra te 

of 5 U 0 . 0 0 0 in January , 1 9 8 2 to 9 9 5 , 0 0 0 i n September, 1 9 8 4 , reach 

i ng a maximum of 1 , 3 3 6 , 0 0 0 i n February , 1 9 8 4 . Th is growth occu r 

red dur ing a pe r iod i n which e f f e c t i v e i n t e r e s t ra tes on conven

t i o n a l , f i xed ra te mortgages f e l l from a h igh o f 15 .9 percent in 

A p r i l 1 9 8 2 , 1 / but never dropped below 1 2 . 2 percent (see Chart l ) . 

The rap id ra te a t which housing grew caught many ana

l y s t s by s u r p r i s e . For example, Goodman ( p . l ) notes t h a t : 

"The average housing s t a r t s f o recas t f o r 1 9 8 3 o f 1 8 

o rgan i za t i ons p o l l e d by U .S . Gypsum company at the beg inn ing of 

I 9 8 3 was l.kh m i l l i o n u n i t s . The a c t u a l s t a r t s that year were 

1.70 m i l l i o n . . . . " A l s o , consensus f o r e c a s t s fo r housing s t a r t s 

repo r ted by Blue Chip Economic I n d i c a t o r s were almost i d e n t i c a l to 

the low f o r e c a s t s mentioned above. F i n a l l y , a s i n g l e fami l y 

housing f o r e c a s t i n g model we cons t ruc ted f o r t h i s s tudy , which i s 

descr ibed l a t e r i n t h i s paper , would have underpred ic ted season

a l l y a d j u s t e d , s i n g l e fami l y housing s t a r t s dur ing both 1 9 8 3 and 

1 9 8 U . 

Widespread issuance of ad jus tab le rate mortgages (ARMs) 

occur red concurrent w i th t h i s unexpectedly s t rong housing mar

k e t . An ARM i s a mortgage whose i n t e r e s t rate and subsequent 

monthly payments are permi t ted to f l u c t u a t e when some p rede te r 

mined index of i n t e r e s t ra tes f l u c t u a t e s , u n l i k e a f i x e d ra te 

mortgage ( FRM). There was a t most an est imated 6 5 . 1 b i l l i o n 

d o l l a r s o f ARMs outs tand ing at major i n s t i t u t i o n s by December, 
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1 9 8 2 . But i n 1 9 8 3 a l o n e , an es t imated a d d i t i o n a l 3 9 - 3 b i l l i o n 

d o l l a r s ARMs were added to t h i s s t o c k , account ing fo r one t h i r d o f 

the net growth o f ou ts tand ing mortgage debt tha t year 

(see No tha f t , p. U U 8 ) . ARMs cont inued to be used h e a v i l y i n 1 9 8 U , 

account ing f o r over 6 0 percent of a l l conven t i ona l home mortgage 

loans c losed that year (see Chart 2 ) . 

Not ing tha t the concurrent growth of ARM usage and the 

unexpectedly s t rong housing recovery occur red desp i te h i s t o r i c a l l y 

h igh FRM r a t e s , some observers have concluded tha t the advent o f 

ARMs was respons ib le f o r the s t rong housing recovery . Trade 

p u b l i c a t i o n s p r i n t e d s t o r i e s a s s e r t i n g tha t ARMs were and s t i l l 

a re a major f a c t o r i n i n c r e a s i n g home s a l e s . One t y p i c a l s t o r y , 

e n t i t l e d "ARMs Are The Muscle Behind Hous ing , " inc luded the f o l 

lowing quote: 

" 'There would be no housing a c t i v i t y to speak of w i t h 

out ARMs ' accord ing to Paul W. P r y e r , chairman of the US League 

o f Savings I n s t i t u t i o n s . ' I f home lend ing i n s t i t u t i o n s cou ld not 

make ad jus tab le rate mortgages, we'd be fo rced to abandon housing 

J u s t to su rv i ve i n a deregu la ted sav ings w o r l d ' . " (See Savings  

I n s t i t u t i o n s , September I 9 8 U , p. U 5 . ) 

The major mot i va t ion behind regu la to rs g ran t ing lenders 

permiss ion to i ssue ARMs was not to s t imu la te housing consump

t i o n . Ra the r , i t was to help lenders share the up-s ide i n t e r e s t 

ra te r i s k w i th bor rowers . Regula tors employed i m p l i c i t " i n v i s i b l e 

hand" l o g i c to help J u s t i f y a u t h o r i z i n g ARMs. In doing s o , the 

Federa l Home Loan Bank Board s a i d i t s a c t i o n s pe rm i t t i ng f e d e r a l 

char te red sav ings and loan i n s t i t u t i o n s to i ssue ARMs were to 
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" a l l o w the lender and borrower the f l e x i b i l i t y to agree upon terms 

tha t w i l l best s u i t t h e i r i n d i v i d u a l needs . " (See FHLBB J o u r n a l , 

p. 5 1 * . ) Language l i k e t h i s suggests tha t Pareto improvement 

should r e s u l t from a l l o w i n g the issuance o f mutua l l y acceptab le 

mortgage con t rac t s w i th v a r i a b l e ra te f e a t u r e s . 

In t h i s paper , we argue that wh i l e the i n t r o d u c t i o n o f 

ARMs may have inc reased market e f f i c i e n c y , i t d i d n ' t i n c rease 

housing a c t i v i t y much. Our argument i s i n two p a r t s . Sec t i on 1 

presents a s imple genera l e q u i l i b r i u m model i n which the l e g a l i z a 

t i o n and subsequent i n t r o d u c t i o n of v a r i a b l e ra te l o a n s , l i k e 

ARMs, improves market e f f i c i e n c y but doesn ' t i nc rease bor rowers ' 

demands fo r a good f inanced w i th them, such as hous ing . Th is 

suggests the t h e o r e t i c a l p l a u s i b i l i t y o f the e m p i r i c a l r e s u l t s 

presented i n Sec t i on 2 , which u t i l i z e a Bayesian Vector Auto-

reg ress ion (BVAR)—/ housing f o r e c a s t i n g model we c o n s t r u c t e d . We 

use i t to argue that the f a l l i n f i x e d ra te mortgage ra tes between 

1 9 8 2 and 198U exp la i ns a good dea l o f the concurrent growth i n 

housing a c t i v i t y . ARMs' c o n t r i b u t i o n to tha t growth thus appears 

t o have been r e l a t i v e l y s m a l l , a r e s u l t c o n s i s t e n t w i th the theo 

r e t i c a l r e s u l t o f Sec t i on 1 and recent r e s u l t s o f Esak i and 

Wachtenheim ( 1 9 8 U ) and o f Pa lash and Stoddard ( 1 9 8 5 ) . Had ARMs 

not been a v a i l a b l e , we suspect tha t the growth i n housing a c t i v i t y 

would have been f inanced by a mix ture of FRMs and " c r e a t i v e f i n a n 

c i n g . " . ! / 

Our f i n d i n g s prov ide the f i r s t t h e o r e t i c a l exp lana t ion 

o f how ARMS have come to be w ide ly used , ye t s t i l l haven ' t i n 

c reased aggregate housing consumpt ion, he re to fo re viewed as p a r a -
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d o x i c a l (see Palash and Stoddard ( 1 9 8 5 ) ) . The der ived demand f o r 

ARMs r e s u l t s from t h e i r p o t e n t i a l l y enab l ing borrowers and lenders 

t o more e f f i c i e n t l y share r i s k s assoc i a t ed w i th u n c e r t a i n s t a tes 

a f f e c t i n g fu ture income and consumpt ion, ra the r than by enab l ing 

h igher cur rent housing expend i tu res . 

Sec t i on 1: A General E q u i l i b r i u m Model of V a r i a b l e Rate Loans 

The model i s a 2 -pe rson , 2 - p e r i o d , exchange model o f a 

F i s h e r i a n borrower and l e n d e r . The lender i s endowed on l y i n the 

f i r s t p e r i o d , n o n s t o c h a s t i c a l l y . The borrower i s endowed on ly i n 

the second p e r i o d . The s i z e o f the bor rower ' s endowment depends 

on the occurrence of one of two p o s s i b l e s ta tes of na tu re , denoted 

" L " and " H " ( i . e . , low and h i g h ) , w i th r e s p e c t i v e p r o b a b i l i t i e s ir^ 

and ITJJ. Both borrower and lender are assumed to possess the same 

u t i l i t y f unc t i on of consumpt ion, and are expected u t i l i t y max i -

m i z e r s . 

The no ta t ion used throughout i s as f o l l o w s : 

"Lender" "Borrower" 

pe r i od 1 pe r iod 2 pe r iod 1 pe r iod 2 

Endowment C ^ 6 0 0 C L 2 S ' C H 2 6 

Consumption C L 2 ^ ' C H 2 ^ C l b CL2>' C H 2 b 

U t i l i t y U(C * ) 8 ( I R L U ( C L 2 * ) + 1 I H U ( C H 2 * ) ) U t C ^ ) B( T ^ I K C ^ * ) + 

. H u(c H 2

b )> 

Uni ts o f Asset 
" i " purchased v^, V j 0 w 2

D , w 3 ° 
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In subsec t ions A and B, i t i s shown that compe t i t i ve 

t r a d i n g i n c la ims on f i r s t pe r iod consumpt ion, f i x e d ra te l o a n s , 

and v a r i a b l e rate loans prov ides complete markets , and hence the 

Pare to e f f i c i e n t Arrow-Debreu compet i t i ve e q u i l i b r i u m a l l o c a t i o n 

fo r the s p e c i f i e d endowment p a t t e r n . 

Subsect ion C shows that l e g a l r e s t r i c t i o n s p r o h i b i t i n g 

the issuance o f v a r i a b l e ra te loans r e s u l t i n incomplete mar

k e t s . I t i s shown tha t the incomplete marke t -compet i t i ve e q u i 

l i b r i u m , r e s u l t i n g from compet i t i ve t r ad i ng only i n c la ims to 

f i r s t pe r iod consumption and i n f i x e d ra te l o a n s , has the proper ty 

tha t the bor rower 's f i r s t pe r iod consumption ( f i nanced s o l e l y by 

loans) i s the same as i n the complete markets c a s e . In the p r e s 

ence of c o s t l e s s lump sum t r a n s f e r s , though, the Pareto e f f i c i e n c y 

o f the complete market s o l u t i o n imp l i es i t s p o t e n t i a l Pareto 

s u p e r i o r i t y over the incomplete market s o l u t i o n , which i s shown to 

be i n e f f i c i e n t . 

Subsect ion 1A: The Arrow-Debreu Compet i t ive E q u i l i b r i u m 

Denoting the market p r i c e s of cont ingent c la ims to 

pe r iod 2 consumption by Pro and P^g i n s t a tes L and H, we have: 

Lende r ' s Problem 

( 1 ) max U ( C X ^ + B ( 1 r L U ( C L 2

X ' ) + i r H U ( C H 2

A ) ) 

C l ' C L 2 ' C H2 

P 1 C 1 * + P L 2 C L 2 * + P H 2 C H 2 * = * l C l 
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Bor rower ' s Problem 

(2) max i K C j * ) + S U j U t C ^ V i r ^ C C ^ ) ) 

C b C b C b 

P l ° l b + P L 2 C L 2 b + P H 2 C H 2 b = P L 2 C l / + 

Market C l e a r i n g 

( 3 ) C i * + C i b » C i e 

C 1 • C b = C 8 

L2 L2 L2 

C 1 * c b = C 6 

L H2 °H2 °H2 

We a l s o assume tha t u t i l i t y i s l o g a r i t h m i c , 

(U) U(C) = ln (C) 

a s p e c i a l case o f the g e n e r a l i z e d l o g a r i t h m i c fami ly ln (A+C) , 

where A i s a cons tan t , f o r c e f u l l y advocated by Rub ins te in (1976) 

as a good cho ice of u t i l i t y f unc t i on f a m i l y . The f a m i l i a r f i r s t -

order cond i t i ons o f e i t h e r problem are (om i t t i ng the s u p e r s c r i p t 

f o r borrower or l e n d e r ) : 

1/C1 = \P1 

( 5 ) 6 / C L 2 = X P L 2 / i r L 

e /c H 2 = X P H 2 / I T H 
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i . e . , the marg ina l u t i l i t i e s of consumption i n each s ta te ( t r e a t 

ing per iod 1 as a s ta te ) must equal the p r i c e / p r o b a b i l i t y r a t i o of 

each s ta te t imes the marg ina l u t i l i t y o f income ( i . e . , the 

Lagrange m u l t i p l i e r X ) . 

M u l t i p l y i n g each equat ion i n ( 5 ) by i t s consumption 

v a r i a b l e and adding equat ions y i e l d s : 

( 6 ) 1 + 8 = X l P j ^ C ^ P L 2 C L 2 + P H 2 C H 2 ' 

which , upon s u b s t i t u t i o n o f e i t h e r the bor rower ' s or l e n d e r ' s 

budget c o n s t r a i n t y i e l d s : 

( 7 ) X = ( l + 3 ) / E 

where E i s the value of the bor rower ' s or l e n d e r ' s endowment. 

S u b s t i t u t i o n of ( 7 ) i n t o ( 5 ) y i e l d s the cont ingent c l a i m 

demand f u n c t i o n s : 

C 1 = E / ( l + 3 ) P 1 

( 8 ) C L 2 = i r L (JE / ( l+&)P L 2  

C H2 = 1 I H S E ^ 1 + e ^ P H 2 

Respec t i ve l y s u b s t i t u t i n g the value of the bor rower ' s 

and l e n d e r ' s endowments i n t o ( 8 ) and the r e s u l t i n g demand func

t i o n s i n t o the market c l e a r i n g cond i t i ons ( 3 ) y i e l d s the f o l l o w i n g 

r e l a t i v e p r i c e (choose f i r s t pe r iod consumption as numera i re , P-̂  = 

l ) de terminat ion mat r ix equa t ion : 
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( 9 ) 

L2 

" V C L 2 ( l + 6 ) C H 2 e - 1 T H e C H 2 ^ •H 6 C 1 12^j K 

The determinant i n ( 9 ) i s nonzero as long as the bor 

rower i s endowed p o s i t i v e l y i n both s t a t e s . Under the mainta ined 

assumption that C H 2

e > C L 2 6 ' w e n e e d r e a l l v o n l v a d d i t i o n a l l y 

assume that C j ^ * 0 to ensure a nonzero determinant , and hence a 

unique s o l u t i o n to ( 9 ) . 

S o l v i n g ( 9 ) v i a Cramer 's r u l e then y i e l d s the market 

c l e a r i n g p r i c e s : 

(10) 

p L 2 = » t a c 1 « / c l 2 « 

P H 2 - f H

S C i e / C H 2 e 

S u b s t i t u t i n g (10) and the respec t i ve va lues of the bor rower ' s and 

l e n d e r ' s endowments i n t o ( 8 ) then y i e l d s the Arrow-Debreu compet i 

t i v e e q u i l i b r i u m 

C l * = c i E / ( 1 + 8 ) 

(11) C L 2 * • c L 2

e / ( i+e) 

C H 2 * = C ^ / d + B ) 

and 

C b = BC^, where the under l i ned symbols are vec to r s . 



- 9 -

By the fundamental theorem o f we l fa re economics, the 

compe t i t i ve e q u i l i b r i u m a l l o c a t i o n ( l l ) f o r the pos i t ed endowment 

pa t te rn i s Pareto e f f i c i e n t . For a r b i t r a r y endowments, by max i 

m iz ing the l e n d e r ' s o b j e c t i v e f unc t i on i n ( l ) sub jec t to con

s t r a i n i n g the bor rower 's o b j e c t i v e f unc t i on i n ( 2 ) to exceed a 

constant and to the f e a s i b i l i t y c o n t r a i n t s ( 3 ) , one obta ins the 

f o l l o w i n g c o n d i t i o n fo r Pareto e f f i c i e n c y when u t i l i t y i s o f l o g 

form (U) : 

( 1 2 ) c / V c , ' = c ^ X a " • i f c ' A f c * 

Subsect ion IB: Complete Asset Markets V i a F ixed and V a r i a b l e  
Rate Loans 

The compet i t i ve e q u i l i b r i u m a l l o c a t i o n ( l l ) can a l s o be 

a t t a i n e d by compet i t i ve t r ad i ng of c la ims to f i r s t - p e r i o d consump

t i o n and two a d d i t i o n a l a s s e t s . One of the two asse ts i s a f i x e d 

ra te l o a n , one un i t o f which y i e l d s the borrower one un i t of the 

l e n d e r ' s f i r s t - p e r i o d consumption at the expense of Rj. u n i t s of 

consumption pa id to the lender i n pe r iod 2 . The other asse t i s a 

v a r i a b l e rate l o a n , which d i f f e r s from the f i x e d ra te loan by 

mandating tha t R^ u n i t s of consumption must be pa id to the lender 

when s ta te L o c c u r s , ( i . e . , when the bor rower ' s endowment i s low) 

and R,j must be pa id o the rw ise , when s ta te H o c c u r s . 

The payof f m a t r i x , showing the asset payof fs ( to the 

borrower) i n each s ta te i s : 
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V Asset 
S ta te \ 

(13) 

per iod 1 

L 

H 

i 

i 

0 

0 

2 

1 

- R P 

- R * 

3 

1 

"RI 

-R 

= X 

H 

The l e n d e r ' s payof f matr ix i s , of cou rse , - X . Because Det X = 

R F ( R ^ _ R ^ ) , x i s nons ingu lar as long as RJJ * R ^ , which we assume. 

The l e n d e r ' s J o i n t po r t f o l i o - consumpt i on problem i s t o : 

( 1 U ) max U(C *) + ^ l 7 T

L

u ( c

L 2

£ ) + i r H U ( C H 2 A ) 

I I I 
W l ' W 2 ' W 3 

s . t . = w x

£ + w 0 * + w 3

& + C x

e 

C L 2 = - V 2 " V 3 

C H 2 * = -W ' W 

w * V + w *V + w V = 0 1 v l 2 2 3 3 

where w ^ i s the number of u n i t s o f the i t h asset ( i . e . , column i n 

X) purchased (or s o l d , i f w ^ < 0 ) and i s i t s u n i t p r i c e . The 

f i n a l c o n s t r a i n t s ta tes tha t there i s no i n i t i a l wea l th (other 

than C ^ ) . In matr ix n o t a t i o n , the c o n s t r a i n t s i n {lk) a r e : 

( 1 5 ) Xw* = 

c *-c e 

c i 4 

'L2 

V H2 

v V = 0 . 
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The bor rower 's problem i s 

( 1 6 ) 

o 

and asse t market e q u i l i b r i u m requ i res V to ad jus t so that 

( 1 7 ) w I _ 

S u b s t i t u t i n g (17) i n t o the c o n s t r a i n t s ( 1 5 ) and ( 1 6 ) shows tha t 

any asse t market e q u i l i b r i u m a l s o s a t i s f i e s the consumption f e a s i 

b i l i t y c o n s t r a i n t s ( 3 ) . A l s o , because we have assumed * R^, X 

i s nons ingu la r so both ( 1 5 ) and ( 1 6 ) can be so lved to f i nd p o r t -

% b 

f o l i o s w and _w which would produce any p r e s p e c i f i e d r i gh t -hand 

s i de consumption v e c t o r . In p a r t i c u l a r , the th ree Arrow-Debreu 

pure s ta te s e c u r i t i e s , which were denoted C-^ , CTQ and a n < * 

t raded i n the prev ious sec t i on o f t h i s append ix , cou ld be produced 

by th ree separate p o r t f o l i o s W = (w^,w^,w^), found by s o l v i n g 

where I i s the payof f ( i d e n t i t y ) mat r ix whose columns g i ve the 

s t a t e - p a y o f f vec to rs fo r the th ree pu re - s ta te s e c u r i t i e s . Th i s 

s o - c a l l e d spanning or complete market p roper ty of X , when coupled 

( 1 8 ) XW = I, or W = X" 
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wi th the f a c t that asset markets are i n e q u i l i b r i u m i f pu re - s t a te 

consumption markets i n C-^, C^g a n c * Cjjg a r e , guarantees that the 

Pareto e f f i c i e n t Arrow-Debreu compet i t i ve e q u i l i b r i u m ( 1 0 ) and 

( l l ) a l s o y i e l d s the s o l u t i o n to the asset market e q u i l i b r i u m 

s o l v i n g ( l U ) , ( 1 6 ) , and ( 1 7 ) . 

S u b s t i t u t i n g ( l l ) i n t o ( 1 5 ) and ( 1 6 ) , that s o l u t i o n i s : 

( 1 9 ) w* = X - 1 

( 2 0 ) w b = X " 1 

C L 2 / ( l + 6 ) 

c e

H 2 / ( i + B ) ^ 

'flC*/(l+e) 

- C j 2 / ( 1 + B ) 

- C e

H 2 / ( l + 3 ) 

and assuming the market e l i m i n a t e s a r b i t r a g e between the th ree 

asse ts and t h e i r r espec t i ve d u p l i c a t i n g p o r t f o l i o s (W = X~^) made 

of pure s ta te s e c u r i t i e s C-j_, and C y 2 • 

( 2 1 ) 
m m I 

V = X L P = X 1 ' or 

V = P = 1 
VI r l 

V 2 = 1 " R F ( P L 2 + P H 2 ) = 1 " e C i e ( V L / C L 2 e + V H / C H 2 e ) 

V 3 = 1 - R L P L 2 " R H P H 2 = 1 " V L V ^ V ^ 1 
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Complete Market Asset P r i c e s 

P T j 2 + Pfj2 * s t n e P r e s e n t va lue o f a r i s k - f r e e un i t of 

consumption in pe r iod 2 , i . e . , the va lue of a p o r t f o l i o of a un i t 

each o f two a s s e t s , one paying a un i t of C^g and the other paying 

a un i t of C H 2 « Thus, P L 2 + P H 2 = l / R 2 » the r i s k - f r e e d iscount 

f a c t o r f o r per iod 2 . The va lue of the f i x e d ra te l o a n , V"2 i n 

( 2 1 ) , equals 1 - R p / R 2 , i t s r i s k - f r e e d iscounted present v a l u e . A 

s i m i l a r i n t e r p r e t a t i o n can be g iven to by d e f i n i n g two separate 

r i s k - s p e c i f i c d iscount f ac to r s f o r the s t a tes L and H . 

By s u b t r a c t i n g V 2 from V ^ , a l i t t l e a lgebra shows t h a t : 

( 2 2 ) V 3 I V 2 when ^ V0:/* f H ^ / C ^ + V H ' 0 ^ 

i . e . , one loan i s worth l e s s than the other when i t s i n t e r e s t 

" c o s t , " i . e . , as computed on the expected marg ina l u t i l i t y of the 

bor rower 's endowment, i s g r e a t e r . Fur thermore, f o r and Vg to 

be p o s i t i v e , t h e i r r espec t i ve i n t e r e s t " c o s t s " must be l e s s than 

1/eCi*. 

More i n s i g h t i n t o the nature of the complete market 

asset p r i c e s can be found by d e r i v i n g the f o l l o w i n g , CAPM-l ike 

p r i c i n g rep resen ta t ions of the v a r i a b l e ra te l o a n ' s p r i c e V ^ . 

Fo l l ow ing the d e r i v a t i o n i n Var ian (p . 3 1 1 ) , use ( 2 1 ) to w r i t e : 

( 2 3 ) V3 = 1 - I T T A P I ^ L " * H R H P H 2 / I R H 

= 1 - E ( R - P 2 / i r ) 
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where R denotes the random payment v a r i a b l e , t ak i ng on the va lues 

R^ when the bor rower 's endowment i s low and R^ when i t i s h i g h , 

and the random p r i c e / p r o b a b i l i t y r a t i o P 2 / i r i s denoted s i m i 

l a r l y . The d e f i n i t i o n of covar iance then y i e l d s : 

V 3 = 1 - C O V ( R , P 2 / T T ) - E ( R ) E ( P 2 / T T ) 

= 1 - C O V ( R , P 2 / T T ) - ( 1 T L R L + 1 T H R H ^ P L 2 + P H 2 ^ * 

Represent ing P L 2 + P H 2 = 1 / R 2 , as descr ibed a few p a r a 

graphs e a r l i e r , y i e l d s 

( 2 U ) V 3 = 1 - E ( R ) / R 2 - C O V ( R , P 2 / T T ) . 

i . e . , the d i f f e r e n c e between i t s r i s k - f r e e d iscounted expected 

present value and the covar iance o f payments w i th the p r i c e / p r o b 

a b i l i t y r a t i o . S u b s t i t u t i n g ( 1 0 ) i n to ( 2 U ) y i e l d s : 

( 2 5 ) V 3 = 1 - E(R) /Rg - c o v ( R , & C i

e / C 2

e ) 

f o r the v a r i a b l e ra te l o a n ' s v a l u e . From ( 2 1 ) , we get the f i x e d 

ra te l o a n ' s value 

( 2 6 ) V 2 = 1 - R p / R 2 . 

Comparing ( 2 5 ) and ( 2 6 ) , we see tha t even i f E(R) = Rp, i . e . , i f 

the expected payment on the v a r i a b l e ra te loan equals the f i x e d 

ra te l o a n ' s payment, the f i x e d ra te loan i s worth more to the 

borrower when the v a r i a b l e ra te l o a n ' s payment i s nega t i ve l y 

c o r r e l a t e d w i th the bor rower 's second per iod endowment ( i . e . , 

income) C P

e . C e t e r i s p a r i b u s , the borrower w i l l va lue the v a r i -
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able rate loan l e s s i f she t h i n k s that i n t e r e s t ra tes (and v a r i 

ab le loan payments) w i l l be h igh when her income i s low, i . e . , 

when i t i s " r i s k i e r . " 

Complete Market Asset Demands 

From ( 1 3 ) and (20) , use Cramer 's r u l e to compute the 

complete market loan demands: 

( 2 7 ) 

^ = ( R H C L 2 e - R L C H 2 e ) / ( l + S ) R F ( V R L ) 

^ = ( C H 2 e - C L 2 E ) / ( L + P ) ( V R L ) 

Because of the mainta ined assumption that Cjjg 6 > ^ i ^ 6 ' 

the "borrower" w i l l a c t u a l l y borrow v i a v a r i a b l e ra te l o a n s , i . e . , 

w ^ > 0 , only when R H > R L , i . e . , the re turn on the v a r i a b l e ra te 

loan when the bor rower 's endowment i s h igh exceeds i t s re tu rn when 

the bor rower 's endowment i s l ow . That i s , the borrower w i l l 

borrow v i a v a r i a b l e rate loans only when the covar iance between 

her endowment and i n t e r e s t ra tes i s p o s i t i v e . I f the covar iance 

i s nega t i ve , then the "borrower" w i l l a c t u a l l y lend v a r i a b l e rate 

loans whi le borrowing wi th f i x e d ra te l o a n s . 

Sec t i on 1C: Incomplete Markets Due to Lega l P r o h i b i t i o n of V a r i  
ab le Rate Loans 

I f l e g a l p r o h i b i t i o n s prevent the issuance of v a r i a b l e 

ra te l o a n s , the asset payoff mat r i x becomes 

1 1 

0 -Rp 

0 
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Because there are fewer asse ts than gene ra l i zed s t a tes 

(" t ime 1 , " " L , " and " H " ) , i t i s not p o s s i b l e f o r borrowers and 

lenders to cons t ruc t any p o s s i b l e consumption pa t te rn by a p o r t 

f o l i o w = X~^"C_, because X -^" does not e x i s t . 

To see what r e s t r i c t i o n s are p laced on p o s s i b l e consump

t i o n vec tors f o r the borrower and l e n d e r , cons ide r the l e n d e r ' s 

problem f i r s t . Reducing the l e n d e r ' s po r t f o l i o - consumpt i on con

s t r a i n t s ( lU) wi th w^ = 0 to row echelon form, we see tha t a 

p o r t f o l i o ( w ^ , Wg^) e x i s t s which produces a vec to r (C^ -C j_ e , C^g^j 

C H 2

a ) i f and only i f : 

( 2 9 ) CH21=CL21' 

The vec to r i s produced by the p o r t f o l i o : 

( 3 0 ) w / = C x * - + C L ^ / R F 

w 2* = "CL2 / R F 

Because a f i x e d rate loan pays back the same amount (Rp) i n both 

s t a tes L and H , and the lender i s only endowed i n pe r iod 1 , the 

lender has no means of making C^g * * ^ H 2 ^ * 

The borrower, however, does have an endowment i n the 

second p e r i o d . By reducing the bor rower ' s c o n s t r a i n t s ( l6 ) w i th 

w ^ = 0 to row echelon form, we see that a p o r t f o l i o (w-^, Wg*5) 

e x i s t s which produces a vec to r (C^* 3 , (\l2b~^L2& ' ^ H 2 ^ ~ ^ H 2 E ^ A N ( * 

only i f 

( 3 1 ) C H 2

b - C L 2

H = C H 2

e - C L 2

e 
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The vec to r i s produced by the p o r t f o l i o : 

(32) w ^ = C x

b

 + ( C L 2

b - C L 2

e ) / R F 

w 2

b = - ( C L 2

b - C L 2

e ) / R F 

S u b s t i t u t i n g the l e n d e r ' s incomplete market c o n s t r a i n t s 

(29) and ( 3 0 ) i n to the l e n d e r ' s o b j e c t i v e func t i on and zero i n i -

t i a l weal th c o n s t r a i n t V w = 0 i n ilk), ob ta i n the l e n d e r ' s 

problem: 

(33) max u (C. * ) + ffJ(C *) 

C 1 C 1  

C l , C L 2 

s . t . V ^ , ( V r V 2 ) C L 2 V R F - V ^ 6 

wi th the s o l u t i o n demand f u n c t i o n s : 

( 3 U ) C j * = C ^ / l + 3 

c L 2 * = B R p V j C ^ / d + e K V j - V g ) = c H 2 * 

wi th asset demands w^* and w 2 ^ found by s u b s t i t u t i n g ( 3 M i n t o 

(30) . 

S u b s t i t u t i n g the bo r rower ' s incomplete market con

s t r a i n t s ( 3 l ) and (32) i n t o the bor rower ' s o b j e c t i v e f unc t i on and 

T b 

zero i n i t i a l weal th c o n s t r a i n t V w = 0 i n ( 1 6 ) , the incomplete 

market problem for the borrower i s : 
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( 3 5 ) max U ( C . b ) + g[ TTTU( C t

b ) + i r „ U ( C _ _ b ) ] 

C b C b c b 

° 1 ' U L 2 '°H2 

s . t . V l C l

b • ( V 1 - V 2 ) C L 2

b / R F = ( V 1 - V 2 ) C L 2

e / R F 

c b _ c b = c e - c e 

U H2 \2 °H2 LL2 

F i n a l l y , the incomplete market 's asset market e q u i l i b 

rium c o n s t r a i n t s requ i re p r i c e s V_ to ad jus t so ( 1 7 ) h o l d s . As 

b e f o r e , (17) ensures that exchange economy consumption c o n s t r a i n t s 

( 3 ) a l s o h o l d . Because of t h i s , C - ^ = C ^ / l + f5 from ( 3 U ) can be 

s u b s t i t u t e d i n ( 3 ) to o b t a i n : 

( 3 6 ) = 3 C 1

e / ( l + B ) 

i n the incomplete market s o l u t i o n . 

Comparing ( 3 6 ) w i th ( l l ) , we see tha t the bor rower ' s 

f i r s t - p e r i o d consumption i n the incomplete market i s the same as 

i n the complete market. Th is i s one o f our two major r e s u l t s . 

The second major r e s u l t i s that the incomplete market 

a l l o c a t i o n i s n ' t Pareto e f f i c i e n t . To see t h i s , note that Pareto 

e f f i c i e n c y requ i res tha t (12) h o l d s . But because incomplete 

markets fo rce (29) to h o l d , i . e . , C ^ 2 , = C H 2 *» e f f i c i e n c y c o n d i 

t i o n s (12) c a n ' t ho ld un less C H 2

e = C r ^ 6 , which has been ru led out 

by the mainta ined assumption that C ^ g 6 > ^ L 2 S * t h e i n c o r a P l e t e 

market a l l o c a t i o n i s i n e f f i c i e n t . 

Fur thermore, i f c o s t l e s s lump sum t r a n s f e r s between 

borrower and lender are f e a s i b l e , the Pareto e f f i c i e n t complete 

market a l l o c a t i o n ( l l ) i s always at l e a s t p o t e n t i a l l y Pare to 
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supe r io r to the i n e f f i c i e n t incomplete market s o l u t i o n . The 

p o t e n t i a l Pareto s u p e r i o r i t y brought about by the i n t r o d u c t i o n o f 

v a r i a b l e rate loans p rov ides an a l t e r n a t i v e exp lana t ion f o r the 

growth of t h e i r use: they he lp improve the e f f i c i e n c y o f r i s k -

shar ing arrangements, ra ther than inc rease bor rowers ' purchases o f 

goods so f i nanced . 

Of c o u r s e , the extreme r e s u l t of no change i n f i r s t 

pe r iod borrower purchases of the f inanced good i s s p e c i a l to the 

p a r t i c u l a r s p e c i f i c a t i o n of t h i s two-per iod model. Nonlogar i thmic 

u t i l i t y , or a change i n the endowment pa t te rn making the l e n d e r ' s 

endowment s t o c h a s t i c , would change t h i s r e s u l t . Our purpose has 

been merely to e s t a b l i s h the t h e o r e t i c a l p l a u s i b i l i t y of the 

r e s u l t , not i t s e m p i r i c a l l i k e l i h o o d . The l a t t e r i s addressed i n 

the next s e c t i o n . 

Sec t i on 2: The BVAR Housing Model 

We inc luded four monthly data s e r i e s i n our BVAR f o r e 

c a s t i n g model , fo r the per iod January 1 9 6 4 to October 1 9 8 U . The 

f i r s t s e r i e s , p r i v a t e l y owned s i n g l e fami l y housing s t a r t s , was 

taken as a measure of s i n g l e fami l y housing market a c t i v i t y . The 

second s e r i e s , the r e a l median p r i c e of new s i n g l e fami l y houses, 

was used as an i n d i c a t o r o f the i n f l a t i o n ad jus ted average p r i c e 

o f new homes s o l d . Pub l i shed in nominal form, i t was de f l a t ed 

us ing the consumer p r i c e index ( C P l ) . For an index of mortgage 

i n t e r e s t r a t e s , we used the average e f f e c t i v e i n t e r e s t ra te f o r 

conven t iona l (non-VA or -FHA) mortgages on new houses. We a l s o 

made use of the separate s e r i e s a v a i l a b l e fo r the f i x e d and a d -
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J u s t a b l e ra te components o f t h i s average. These separate com

ponent s e r i e s f i r s t became a v a i l a b l e i n J u l y 1 9 8 2 . P r i o r to that 

d a t e , we assumed that the average ra te s e r i e s and the f i x e d ra te 

s e r i e s c o i n c i d e . The fou r th and l a s t s e r i e s used was the pe r 

centage change ( d i f f e r e n c e s i n n a t u r a l logar i thms) i n the Consumer 

P r i c e Index (CPl) as a measure of i n f l a t i o n . A l l data s e r i e s 

except f o r the i n t e r e s t rate s e r i e s were seasona l l y a d j u s t e d . 

(Fur the r d e t a i l s concern ing the data s e r i e s are g iven i n Appendix 

A. ) 

To he lp t e s t f o r the p o s s i b l e e f f e c t of ARM f i n a n c i n g on 

the l e v e l o f housing s t a r t s , we made two comparisons us ing two 

se ts of p r o j e c t i o n s fo r housing s t a r t s and p r i c e s . Both se ts o f 

p r o j e c t i o n s cover the per iod January 1 9 8 2 through October 1984 . 

The f i r s t set of p r o j e c t i o n s are f o r e c a s t s that cou ld have been 

made on December 1 9 8 1 , i . e . which used on ly data dated December 

1 9 8 1 or e a r l i e r . The second set of p r o j e c t i o n s used a l l the data 

a v a i l a b l e fo r the f i r s t s e t , p lus the a c t u a l data on FRM ra tes 

between January 1 9 8 2 and October I 9 8 U . S ince ARMs were not w ide ly 

a v a i l a b l e before 1 9 8 2 , i t i s doub t fu l that the f i r s t set o f p r o 

j e c t i o n s were in f l uenced by the advent of ARMs. The second set of 

p r o j e c t i o n s , t hen , shows how much b e t t e r the f i r s t set of f o r e 

c a s t s cou ld have been had fu tu re ( i . e . January , 1 9 8 2 - O c t o b e r , 

1 9 8 U ) FRM ra tes been known. One comparison compares the second 

se t of p r o j e c t i o n s to the f i r s t s e t , to g ive an i n d i c a t i o n o f the 

impact that f a l l i n g FRM rates had on the p o s t - 1 9 8 2 performance of 

housing s t a r t s and p r i c e s . The second comparison compares the 
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second set of p r o j e c t i o n s to the a c t u a l data on housing s t a r t s and 

p r i c e s , y i e l d i n g in fo rmat ion about the e f f e c t s tha t a d d i t i o n a l 

f a c t o r s , i n c l u d i n g ARMs, may have had on housing s t a r t s and 

p r i c e s . 

We r e f e r to the f i r s t set of p r o j e c t i o n s as uncond i 

t i o n a l f o r e c a s t s , and to the second set as c o n d i t i o n a l f o r e 

c a s t s . Using t h i s te rm ino logy , our two comparisons are perhaps 

best i l l u s t r a t e d through a s imple equa t i on . Let Y denote some

t h i ng that we are t r y i n g to f o r e c a s t , e . g . , housing s t a r t s i n 

February 1983» Let U denote the u n c o n d i t i o n a l f o recas t o f Y wh i l e 

C denotes the c o n d i t i o n a l f o recas t of Y . Then, the e r r o r of the 

u n c o n d i t i o n a l f o r e c a s t , i . e . , Y - U, can be w r i t t e n as 

Y - U = (C - U) + (Y - C) . 

That i s , the e r r o r o f the u n c o n d i t i o n a l f o recas t i s always equal 

t o the d i f f e r e n c e between the c o n d i t i o n a l and u n c o n d i t i o n a l f o r e 

c a s t s (C - U) p lus the e r ro r o f the c o n d i t i o n a l f o recas t (Y -

C ) . The former d i f f e r e n c e (C - U) represents the impact of the 

a d d i t i o n a l i n fo rmat ion used t o make the c o n d i t i o n a l f o r e c a s t s . 

For our s tudy , t h i s d i f f e r e n c e i s a t t r i b u t e d to the impact o f 

unan t i c i pa ted changes i n FRM r a t e s . Th is i s our f i r s t compar i 

son . In our second compar ison, we examine the l a t t e r d i f f e r e n c e , 

i . e . between the data and the c o n d i t i o n a l f o recas t (Y - C ) . Due 

to the in f l uence of a d d i t i o n a l f ac to r s o ther than FRMs, such as 

demographic f a c t o r s , we would not expect (Y - C) to be zero even 

i f ARMs had never e x i s t e d . Unusua l l y l a rge or p e r s i s t e n t c o n d i -
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t i o n a l f o recas t e r r o r s , however, would suggest that ARMs, perhaps 

i n con junc t ion w i th these other f a c t o r s , had a s i g n i f i c a n t impact 

on the housing market over the f o recas t p e r i o d J i / 

Because our study d i d not uncover p a r t i c u l a r l y l a rge or 

p e r s i s t e n t fo recas t e r r o r s , as w i l l now be demonstrated, we t e n t a 

t i v e l y conclude that ne i the r ARMs, nor other a d d i t i o n a l f a c t o r s , 

were major c o n t r i b u t o r s to the unexpectedly s t rong housing r e 

cove ry . 

Our Two Comparisons 

Our f i r s t comparison i s made by comparing the year-end 

1 9 8 1 c o n d i t i o n a l (on a c t u a l p o s t - 1 9 8 1 FRM ra tes ) fo recas t to the 

u n c o n d i t i o n a l fo recas t in Charts 3 and 4. Doing so shows how much 

h igher and more accu ra te l y the BVAR model would have fo recas t both 

s i n g l e fami ly housing s t a r t s and median r e a l home p r i c e s , had the 

a c t u a l , p o s t - 1 9 8 1 d e c l i n i n g path of FRM ra tes been known t hen . 

There i s thus a l o t of in fo rmat ion u s e f u l fo r f o r e c a s t i n g housing 

s t a r t s and p r i ces i n the unan t i c i pa ted ( i . e . not BVAR p r e d i c t a b l e ) 

f a l l in FRM r a t e s . 

Our second compar ison, between the same c o n d i t i o n a l 

f o recas t s and a c t u a l data i n Charts 3 and k shows that the c o n d i 

t i o n a l fo recas t doesn ' t s y s t e m a t i c a l l y ove rp red i c t or underpred ic t 

e i t h e r housing s t a r t s or p r i c e s over the whole 1 9 8 2 - I 9 8 U p e r i o d . 

Of c o u r s e , the i n c l u s i o n of o ther f a c t o r s i n the model may help to 

t r ack housing s t a r t s and p r i c e s b e t t e r . But f u r t he r reduc t ion i n 

the a l ready r e l a t i v e l y modest e r r o r Y - C , earned by i n c l u d i n g o ther 



Chart 3 

J f l J O J f l J O J f l J O J R J O J f l J O J f l J O 
79 80 8 1 82 8 3 8H 

New privately owned single-family housing starts, seasonally adjusted monthly rate. The uncondi
tional forecast uses pre-ARMs data from Jan. 1964 to Dec. 1981; the conditional forecast uses the 
same data plus actual data for F R M rates from Jan. 1982 to Oct. 1984. 
Source of data: FHLBB 



J R J O J f l J O J f l J O J f l J O J A J O J R J O 
79 80 81 8 2 8 3 8H 

*Median sale price of new privately owned single-family houses, deflated by the consumer price index 
(1967 = 100). The unconditional forecast uses pre-ARMs data from Jan. 1964 to Dec. 1981; the condi
tional forecast uses the same data plus actual data for F R M rates from Jan. 1982 to Oct. 1984. 
Sources of data: FHLBB, U.S. Department of Commerce 
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f a c t o r s , probably wouldn ' t J u s t i f y a t t r i b u t i n g major s i g n i f i c a n c e 

to them. 

For example, we exchanged U . S . persona l income fo r the 

i n f l a t i o n ra te (which we dropped to conserve degrees of freedom i n 

es t ima t i on ) i n the BVAR model , reasoning that unan t i c i pa ted growth 

i n persona l income, f o l l o w i n g the end of the n a t i o n ' s recess ion i n 

November 1 9 8 2 , may have been i n a f a c t o r i n the subsequent s t rong 

housing market. In Chart 5» we see tha t the new c o n d i t i o n a l 

f o recas t fo r s i n g l e fami l y housing s t a r t s (cond i t i oned on both FRM 

rates and persona l income) i s s l i g h t l y lower and only somewhat 

more accura te than the o l d c o n d i t i o n a l f o recas t (cond i t i oned on ly 

on FRM r a t e s ) . We thus conclude that p o s s i b l y h igher than ex 

pected income growth probably wasn ' t a major f a c t o r i n the unex

pec ted ly s t rong housing market: knowledge of a c t u a l income growth 

helped be t t e r p red i c t housing growth, but not s u b s t a n t i a l l y s o . 

Conc lus ions 

While the usage of ad jus tab le ra te mortgages (ARMs) and 

housing a c t i v i t y grew concu r ren t l y between 1 9 8 2 and 1 9 8 4 , we cas t 

doubt on c la ims i n the t rade l i t e r a t u r e that the former caused 

much o f the l a t t e r . In the context of a s i m p l e , genera l e q u i 

l i b r i u m model of a F i s h e r i a n borrower and l e n d e r , we show that the 

l e g a l i z a t i o n and i n t r o d u c t i o n o f v a r i a b l e ra te l o a n s , l i k e ARMs, 

completes loan markets wh i le l e a v i n g f i r s t pe r iod consumption o f 

the borrower i n v a r i a n t . Thus, the demand fo r v a r i a b l e ra te loans 

may der i ve from the d e s i r e to a t t a i n Pareto e f f i c i e n c y v i a com-



Chart 5 

J f l J O J f l J O J f l J O J f l J O J f t J O J R J O 
79 80 81 8 2 83 8H 

The housing start series and conditional forecast are the same as shown on Chart 3. The new 
conditional forecast is conditioned on F R M rates and U.S. personal income from Jan. 1982 to Oct. 1984. 
Sources of data: FHLBB, U.S. Department of Commerce 
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p le te markets , ra ther than a des i r e to i nc rease borrower consump

t i o n of goods so f i nanced . E m p i r i c a l evidence from a s t a t i s t i c a l 

housing f o r e c a s t i n g model we cons t ruc t supports the no t ion tha t 

ARMs d i d n ' t i nc rease housing consumption much. Ra the r , the e v i 

dence suggests that the d e c l i n e of f i x e d - r a t e mortgage ra tes 

between 1 9 8 2 and 1 9 8 3 s t imu la ted much of the growth i n housing 

a c t i v i t y . 
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Footnotes 

•llThis f i gu re i nc l udes some ad jus tab le ra te mortgages, a 

separate s e r i e s fo r which wasn ' t kept u n t i l J u l y 1 9 8 2 . 

—/For p resen ta t i ons o f the BVAR approach, see L i t te rman 

( 1 9 8 5 ) . 

5 / " C r e a t i v e f i n a n c i n g " i s a number of techniques bor 

rowers and s e l l e r s adopt to he lp f inance the sa le of homes, o f ten 

i n con junc t ion w i th f i x e d rate mortages. Such techniques inc lude 

con t rac t s f o r deed and b u i l d e r "buy-downs" o f f i x e d - r a t e mortgage 

r a t e s . 

— It i s p o s s i b l e that the presence of ARMS may have 

caused FRM ra tes to be lower than they otherwise would have 

been. I f s o , the ARMs may a l s o have ( i n d i r e c t l y ) In f luenced our 

f i r s t compar ison, i . e . , the d i f f e r e n c e C - U. But g iven the shor t 

l eng th o f the separate monthly i n t e r e s t ra te s e r i e s ( p o s t - J u l y 

1 9 8 2 ) , one c a n ' t r e l i a b l y t e s t the hypothes is that the ARMs' p r e s 

ence lowered FRM r a t e s . 
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Appendix A 

To cons t ruc t our housing p r o j e c t i o n s , we used a s t a t i s 

t i c a l technique known as "Bayes ian Vector Au to regress ion 

(BVAR) . " There are both advantages and disadvantages fo r use of 

t h i s technique i n s tud ies such as o u r s . 

The p r i n c i p a l advantage i s tha t BVAR techniques t y p i 

c a l l y y i e l d r e l a t i v e l y good f o r e c a s t s g iven r e l a t i v e l y sma l l 

inputs of human and computer t ime . For the purposes of our s t u d y , 

the major disadvantage i s tha t BVAR i s a pu re l y s t a t i s t i c a l t e c h 

n ique . While p r o j e c t i o n s from BVAR models may be reasonably 

a c c u r a t e , ass i gn ing unambiguous economic i n t e r p r e t a t i o n s to these 

p r o j e c t i o n s i s o f ten an e l u s i v e t a s k . 

Desp i te t h i s se r i ous l i m i t a t i o n , we f e l t tha t BVAR 

techn iques represented the best a v a i l a b l e methodology fo r the 

present s tudy . Widely used a l t e r n a t i v e f o r e c a s t i n g techniques 

inc lude Box -Jenk i ns , ( i . e . u n i v a r i a t e au to reg ress i ve moving ave r 

age t ime s e r i e s models) and " s t r u c t u r a l " econometr ic models. Box-

Jenk ins models, wh i le s imple to cons t ruc t and e s t i m a t e , u t i l i z e 

da ta on ly on one time s e r i e s . Such models are of no use in con

s t r u c t i n g c o n d i t i o n a l f o r e c a s t s . S t r u c t u r a l models, based on 

economic t heo ry , are p r e f e r a b l e to BVAR models i n the sense that 

i t i s e a s i e r to g i ve economic meaning to t h e i r p r o j e c t i o n s . 

Cons t ruc t i ng a both t h e o r e t i c a l l y and e m p i r i c a l l y v a l i d s t r u c t u r a l 

model , however, can be a d i f f i c u l t and t ime-consuming t a s k . For 

the purposes of p r e l i m i n a r y data a n a l y s i s , the BVAR technique 

might be thought of as a p r a c t i c a l compromise between the two 

a l t e r n a t i v e techn iques . 
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A c c o r d i n g l y , we est imated a f o u r - v a r i a b l e (or " f o u r -

equat ion" ) BVAR for the monthly s e r i e s l i s t e d below: 

( 1 ) P r i v a t e s i n g l e fami ly housing s t a r t s , monthly r a t e . 

Sou rce : Federa l Home Loan Bank Board . 

(2) Median sa le p r i c e of a new p r i v a t e l y owned s i n g l e fami l y 

house, thousands of cu r ren t d o l l a r s . Source: Federa l Home 

Loan Bank Board . 

( 3 ) Consumer p r i c e i ndex , ( 1 9 6 7 • 1 0 0 ) . Source : U . S . Department 

of Commerce. 

(U) Nat ionwide average e f f e c t i v e ra te on conven t i ona l mortgages 

fo r purchase o f n e w l y - b u i l t homes, percent per y e a r . 

Source: Federa l Home Loan Bank Board . A f t e r June 1 9 8 2 , the 

f i x e d and ad jus tab le ra te components of t h i s s e r i e s are 

a v a i l a b l e s e p a r a t e l y . 

S e r i e s ( l ) , ( 2 ) , and ( 3 ) were s e a s o n a l l y a d j u s t e d , us ing 

a procedure descr ibed i n Amir izadeh ( 1 9 8 5 ) . E f f i c i e n t seasona l 

adjustment of a quant i ty x^ ( s a y , housing s t a r t s i n January 1 9 8 2 ) 

g e n e r a l l y i n v o l v e s knowledge o f fu ture va lues o f x t ( that i s , 

housing s t a r t s in February 1 9 8 2 , March 1 9 8 2 , e t c . ) . For t h i s 

reason , the f o recas t s repor ted i n our study would tend to be more 

accu ra te than those a c t u a l l y made over the f o recas t pe r iod covered 

(January 1982-Oc tober 1 9 8 U ) . Inc luded i n each equat ion were 15 

l ags of a l l v a r i a b l e s and a constant term. A l l s e r i e s except the 

i n f l a t i o n s e r i e s were f i r s t converted to n a t u r a l l o g a r i t h m s . In 

the terminology of Doan and L i t te rman ( 1 9 8 U ) , we p laced a f a i r l y 
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" t i g h t " p r i o r over the model parameters. These p r i o r s were chosen 

because we f e l t that (the logar i thms of) each o f the four s e r i e s 

cou ld be reasonably w e l l approximated as a random wa lk , or as a 

random walk wi th d r i f t . 

The next s tep was to v a l i d a t e the model . To do s o , we 

eva luated the out -o f -sample (uncond i t i ona l ) f o r e c a s t i n g p e r f o r 

mance of the model over the pe r i od January 1976 to December 

1 9 8 l . Th is was done fo r f o recas t i n t e r v a l s o f 1 to 12 months. So 

as not to a n t i c i p a t e the e f f e c t s of ARMs, no data dated January 

1982 or l a t e r was used i n t h i s e v a l u a t i o n . 

Resu l t s of t h i s eva lua t i on are repor ted i n Table 1. 

O v e r a l l , they i n d i c a t e tha t our model performs at an accep tab le 

l e v e l . Of p a r t i c u l a r i n t e r e s t are the columns e n t i t l e d " T h e i l 

U . " These repor t the r a t i o of the root mean square of the f o r e 

c a s t e r ro r (RMSE) of the model to the RMSE of a naive fo recas t o f 

no change i n the ( n a t u r a l logar i thms of the) s e r i e s . Except f o r 

housing s t a r t s , almost a l l of the repor ted T h e i l U s t a t i s t i c s are 

below one. This i n d i c a t e s our model outperforms the naive f o r e 

c a s t i n g procedure . U n f o r t u n a t e l y , i n the case of housing s t a r t s , 

our model performs only about as a c c u r a t e l y as the naive p roce 

du re , at l e a s t i n terms of u n c o n d i t i o n a l f o r e c a s t s . Another 

p o t e n t i a l cause of d i s s a t i s f a c t i o n w i th our model i s the r e l a 

t i v e l y la rge mean abso lu te e r ro r of the mortgage rate equa t i on . 

Th is s t a t i s t i c i n d i c a t e s that our model tended to underest imate 

mortgage ra tes over the 1976-1981 p e r i o d . 



Table 1 

FORECAST STATISTICS FOR SERIES NEWRATE (F ixed Mortgage Rates) 

STEP MEAN ERROR MEAN ABS. ERROR RMS ERROR THEIL U N. OBS 

1 .1341E-02 .8U35E-02 . 1 7 2 8 E - 0 1 . 9 7 2 6 61 

2 . 3 U 5 8 E - 0 2 .1488E-01 .2837E-01 .9882 6 0 

3 .6232E-02 .2237E-01 .4023E-01 1.030 5 9 

1* .8635E-02 . 2 7 7 9 E - O I .4643E-01 1 . 0 0 9 58 

5 .1059E-01 .3176E-01 .5029E-01 .9634 57 
6 . 1 2 1 5 E - 0 1 . 3 3 5 8 E - 0 1 . 5 0 7 8 E - 0 1 .8749 56 

7 . 1 3 8 6 E - 0 1 .3494E-01 .5000E-01 . 7 7 3 8 55 

8 .1582E-01 .3668E-01 . 5 1 6 U E - 0 1 .7124 54 

9 . 2 2 5 8 E - 0 1 .3826E-01 . 5 0 6 0 E - 0 1 . 6 2 5 6 5 3 

10 .2812E-01 .4214E-01 .5482E-01 . 6 0 9 5 5 2 

11 .3346E-01 .4657E-01 . 5 9 8 U E - 0 1 . 6 0 5 3 51 

12 .3688E-01 .5115E-01 . 6 5 2 0 E - 0 1 . 6 0 8 3 50 

FORECAST STATISTICS FOR SERIES PCIU ( I n f l a t i o n ) 

STEP MEAN ERROR MEAN ABS. ERROR RMS ERROR THEIL U N. OBS 

1 .8950E-03 .1300 .1784 .8950 6 1 

2 . U 2 9 1 E - 0 2 . 1 5 7 7 .2094 . 8 9 8 O 6 0 

3 . 1 0 8 2 E - 0 1 .1795 .2343 .8486 59 
h . 1 5 5 4 E - 0 1 . 1 8 8 1 .2473 .7866 58 

5 . 1 9 6 5 E - 0 1 . 1 9 0 9 .2447 . 7 7 3 5 57 
6 . 2 0 4 8 E - 0 1 .1867 .2428 .7479 5 6 

7 . 2 1 9 5 E - 0 1 . 1 8 1 9 .2342 .7757 55 
8 .2540E-01 .1897 .2355 .7776 5U 

9 .3103E-01 . I 9 6 0 .2357 .8204 5 3 

10 . 3 9 5 1 E - 0 1 .1985 .2446 . 8 1 5 5 52 

11 .5206E-01 . 2 0 2 5 .2523 . 8 1 2 2 5 1 

12 . 6 3 1 3 E - 0 1 .2033 . 2 6 0 1 .7646 50 
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FORECAST STATISTICS FOR SERIES RHSPRC (Real Median New House P r i c e s ) 

STEP MEAN ERROR MEAN ABS. ERROR RMS ERROR THEIL U N. OBS 

1 . 1 5 6 0 E - 0 2 . 1 5 2 3 E - 0 1 . 2 0 9 5 E - 0 1 .9303 61 

2 .2555E-02 . 1 8 5 1 E - 0 1 .2it07E-01 . 9 3 5 1 6 0 

3 .3261E-02 . 1 9 6 8 E - 0 1 .2673E-01 . 9 6 1 7 5 9 

k .3753E-02 .238UE-01 . 3 1 5 3 E - 0 1 . 9 6 5 8 58 

5 .5073E-02 .2797E-01 . 3 5 9 6 E - 0 1 . 9 8 9 6 57 

6 . 5 U 8 0 E - 0 2 . 3 1 7 U E - 0 1 .1+077E-01 .9880 56 

7 .U899E-02 ,3^6UE-01 .1*38UE-01 .9955 55 

8 . 1+568E-02 . 3 8 0 7 E - 0 1 . U 9 1 U E - O I 1.000 5^ 

9 .3078E-02 . U 1 H 9 E - O I .5298E-01 .9603 5 3 

1 0 .161+0E-02 . U 2 6 9 E - O I . 5H9OE-OI . 9 3 9 8 5 2 

11 . 5 8 6 6 E - 0 3 . U 6 1 7 E - 0 1 . 5 9 2 0 E - 0 1 .9378 5 1 

1 2 . 655^E-03 .5287E-01 .63U0E-01 . 9 5 7 7 50 

FORECAST STATISTICS FOR SERIES NSFHS (Single Family Housing Star ts) 

STEP MEAN ERROR MEAN ABS. ERROR RMS ERROR THEIL U N. OBS 

1 . 2 5 2 6 E - 0 2 . 7 1 U 3 E - 0 1 . 1 0 3 6 1.01k 61 

2 .51U9E-02 . 1 0 6 6 . 1 U 2 9 1.017 6 0 

3 .51U3E-02 .1278 . 1 7 2 2 1.031 5 9 

h . 9 8 6 8 E - 0 2 . 1 U 6 3 . 1 9 5 1 * 1.030 58 

5 . 1 5 5 i * E - 0 1 . 1 5 ^ 9 . 2 1 0 9 1 . 0 1 8 57 
6 . 2 0 5 8 E - 0 1 . 1 6 6 0 .2227 1 . 0 0 8 56 

7 .2315E-01 . 1 7 5 1 .23^1 1 . 0 0 1 55 
8 .2237E-01 . 1 8 8 6 .21+38 1 . 0 0 2 5k 

9 .I5I+I+E-OI . 1 8 9 0 . 2 H 9 8 1 . 0 0 2 5 3 

1 0 .8103E-02 . 1 9 ^ 2 .25U8 1 . 0 0 9 5 2 

11 . 1 6 7 0 E - 0 2 .207!+ . 2 6 U 6 1 . 0 2 1 51 
1 2 . 1 6 5 0 E - 0 2 . 2 1 5 2 .2685 l .OUl 50 



Note fo r Table 1 

Let F be the fo recas t of a s e r i e s and A i t s a c t u a l 

v a l u e . Then the mean fo recas t e r r o r i s the average of (F-A) over 

the fo recas t p e r i o d . The mean abso lu te e r ro r i s the average o f 

F-A| . The terms "Root mean squared e r r o r " and " T h e i l U" are 

exp la ined i n the t e x t . Except f o r i n f l a t i o n , a l l e r r o r s can be 

cons idered as percentages, d i v i d e d by 100. Th is i s because the 

equat ions are i n logar i thms of the o r i g i n a l s e r i e s . 
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Exper imentat ion suggests tha t the performance o f our 

model i n p r e d i c t i n g housing s t a r t s cou ld be s l i g h t l y improved by 

adding a shor t i n t e r e s t ra te v a r i a b l e , such as a T - b i l l r a t e , as 

an "exogenous" v a r i a b l e i n the VAR system. Our subsequent c o n d i 

t i o n a l f o r e c a s t i n g experiments (see Appendix B f o r d e t a i l s on how 

the c o n d i t i o n a l f o recas t s were made) sugges t , however, tha t t h i s 

i nc rease i n f o recas t accuracy would l a r g e l y be due to b e t t e r 

( uncond i t i ona l ) f o recas t s of mortgage r a t e s . I t i s thus u n l i k e l y 

our c o n d i t i o n a l f o recas t s would be s t r o n g l y a f f e c t e d by t h i s com

p l i c a t i o n . With the goa l o f keeping our study i nexpens i ve , s im

p l e , and e a s i l y d u p l i c a b l e , we decided aga ins t c o n s t r u c t i n g a more 

compl i ca ted model. 

A l s o , our study i d e a l l y would have covered a g rea te r 

number of i n d i c a t o r s of housing sec to r a c t i v i t y . I nc reas ing the 

number of s e r i e s to be modeled by BVAR techn iques , however, makes 

both f o r e c a s t i n g and i n t e r p r e t a t i o n of BVAR models more d i f f i 

c u l t . Cons t ruc t i on of a la rge BVAR n e c e s s a r i l y i nvo l ves making 

some a r b i t r a r y mode l l ing d e c i s i o n s i napp rop r i a te to the p r e l i m i 

nary nature of our s tudy. Hence, we r e s t r i c t e d our a t t e n t i o n to 

two o f the most w ide ly fo l lowed aggregates : s i n g l e - f a m i l y housing 

s t a r t s , and ( rea l ) median s i n g l e - f a m i l y home p r i c e s . 
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Appendix B: Uncond i t i ona l and C o n d i t i o n a l 

F o r e c a s t i n g in VAR M o d e l s i / 

Consider a N -va r i a te process x^ w i th known VAR rep re 

sen ta t i on 

A ( L ) x t = e t , 

where x t i s a N x 1 v e c t o r , A( L) a N X N po lynomia l matr ix one

s ided i n nonnegative powers o f L , and e t a vec to r of whi te n o i s e . 

Denote by the set {x t , x t _ ^ , . . . } . The " u n c o n d i t i o n a l 

f o r e c a s t " o f x.fc+k' ^ > * s de f ined t o b e t n e l i n e a r l e a s t 

squares p r o j e c t i o n of x t + j c on $1 .̂, denoted 

P ' x t + k l % l » 

o r x . I t i s w e l l known that x can be der ived r e c u r s i v e l y by 

the formula:—^ 

<B1> K * - -t̂ l w 
where , = x. , f o r k < 0 . t+k t+k 

Now l e t the vec to r x be def ined by 

l 3 t t + l * * ' X t + K ] ' ' K > l ' 

The uncond i t i ona l f o recas t P[ x I £2 ] = x can be obta ined v i a succes-

s i ve a p p l i c a t i o n s of formula ( B l ) . 

We now cons ide r the c o n d i t i o n a l f o r e c a s t i n g problem. 

Suppose t h a t , in a d d i t i o n to ty., i t i s known that 
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R*x = r , 

where R' i s a known J x NK mat r ix of rank J , J < NK, and r i s a 

known J x 1 v e c t o r . The c o n d i t i o n a l f o r e c a s t i n g problem i s one o f 

computing 

P l x l n , R'x = r ] . 

S ince x i s in the span of P^., t h i s i s equ i va len t to c a l c u l a t i n g 

P [ ( x - x ) | n R ' ( x - x ) • r - R ' x ] . 

At At 

Def i n i ng v = x - x and r = r_ - R ' x , the p r o j e c t i o n problem to be 

so lved i s that of c a l c u l a t i n g 

P [ v | f i t , R ' v = r ] . 

By the " p r o j e c t i o n theorem,"—' the u n c o n d i t i o n a l f o recas t e r r o r v 

i s unco r re la ted w i th P^.. Hence the above p r o j e c t i o n reduces to 

P [ V | R * V = r ] , 

which we designate as u * . 

By d e f i n i t i o n , u* so lves the problem 

rain E ( v - u ) ' ( v - u ) s . t . R ' u = r , 
u 

<=> 

min E v ' v + u 'u s . t . R ' u = r , 

u 

s i n c e u i s nons tochas t i c and Ev = 0 . S ince E v ' v does not depend 

on u , the l a s t problem reduces to 

(B2) min u 'u s . t . R 'u = r 
u 



which has s o l u t i o n 

u* = R C R ' R ) - 1 ! - . 

The c o n d i t i o n a l fo recas t of x may then be recovered as 

P[x|f2 , R'x = r] = x + u * . 

A d d i t i o n a l Notes 

The d e r i v a t i o n g iven above i s f o r a process X(. w i th mean 

z e r o . The formulas can be e a s i l y extended to processes w i th 

nonzero means. 

To c a l c u l a t e our c o n d i t i o n a l f o r e c a s t s , we used the RATS 

code g iven i n Example 17.2 o f Doan and L i t te rman ( 1 9 8 U ) , which 

so l ves the programming problem (B2 ) . Having es t imated A(L) us ing 

data on x t , x t _ 1 , . . . (w i th t = December 1 9 8 1 ) , we then proceeded 

as i f A(L) were known. Proceeding i n t h i s fash ion ignores the 

impact of the a d d i t i o n a l in fo rmat ion R'x = r on the es t imate of 

A ( L ) , but saves s i g n i f i c a n t amounts of computat ion t ime . 
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Appendix Notes 

•l /what fo l l ows i s a somewhat bowdler ized ve rs i on of a 

p resen ta t i on i n Doan, L i t t e r m a n , and Sims ( 1 9 8 4 ) . The no ta t ion i s 

tha t of Sargent ( 1 9 7 9 ) , chapter 1 0 . 

—^The no ta t ion [ | . means " ignore negat ive powers o f 

L . " See Sargent ( 1 9 7 9 ) , chapter 1 2 , f o r an ex tens ive d i s c u s s i o n 

of f o r e c a s t i n g w i th time s e r i e s models . 

l ^ F o r a p resen ta t i on of t h i s theorem, see Luenberger 

( 1 9 6 9 ) , chapter 3 . 
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