
H o u s i n g  T e n u r e ,  U n c e r t a i n t y ,  and  T a x a t i o n  

Harvey  S .  Rosen 
P r i n c e t o n  U n i v e r s i t y  

K e n n e t h  T .  Rosen 
U n i v e r s i t y  o f  Ca 1i f o r n  i a  

Do ug 1a s Ho1t z-Ea kin 
P r i n c e t o n  U n i v e r s i t y  

OTA P a p e r  5 4  F e b r u a r y ,  1 9 8 3  

OTA P a p e r s  a r e  c i r c u l a t e d  so  t h a t  t h e  p r e l i m i n a r y  f i n d i n g s  o f  
t a x  r e s e a r c h  c o n d u c t e d  b y  s t a f f  members and  o t h e r s  a s s o c i a t e d  
w i t h  t h e  O f f i c e  o f  Tax A n a l y s i s  may r e a c h  a w i d e r  a u d i e n c e .  
The v i e w s  e x p r e s s e d  a r e  t h o s e  o f  t h e  a u t h o r s ,  a n d  d o  n o t  
r e f l e c t  T r e a s u r y  p o l i c y .  Comments a r e  i n v i t e d ,  b u t  O T A  
P a p e r s  s h o u l d  n o t  be  q u o t e d  w i t h o u t  p e r m i s s i o n  o f  t h e  
a u t h o r s .  

O f f i c e  o f  Tax A n a l y s i s  
U.S. T r e a s u r y  D e p a r t m e n t ,  Room 4040  

W a s h i n g t o n ,  D . C .  20220 
I s s u e d :  F e b r u a r y ,  1 9 8 4  

t 




I. 

11. 
c 


111. 

Iv. 


V. 


TABLE OF CONTENTS 


Introduction 

T h e  Model 

Empirical Implementation 

Results 

A. T h e  Basic Model 

B. Alternative Specifications 

C. Some Implications 

Conclusion 

1 


3 

6 

17 


17 

19 

22 

27 

29 

32 

35 

Appendix A 

Appendix B 

References 



. 
Housing Tenure, Uncertainty, And Taxation 

ABSTRACT 

Mod- empirical work on the choice between r e n t i n g  and owning focuses 
OZI the concept of the "user cost" of h o l l ~ h g ~w h i c h  intagrates in to  a single 
measure the various caorponents of housiag costs. The staadarct approach 
implicitly assumes that households know the user cost of housing,with 
certainty. & " v e r 8  the expost user cost measure exhibits substantial 
variabiUe over time, and it is highly unlikely that individuals believe 
themselves able to forecast these fluctuations w i t h  certaiaty. In this 
paper, we corurtruct and estimate a =del of the tenure choice that expl ic i t ly  
al lows for the effects of =certainty. The results suggest that previous 
worlc which ignored uncertabty may have overstated the effects of the 
iaco" tax system upon the tenure choice. 
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I. In t roduct ion  

The personal  income t ax  provis ions assoc ia ted  with homeownership have 

come under increas ing  scru t iny  by both policymakers and academic r e sea rche r s .  

T h i s  renewed i n t e r e s t  has come about pr imari ly  because of t h e  tremendous 

acce le ra t ion  of real house p r i ces  i n  t h e  pas t  decade and the  b e l i e f  t h a t  

Americans inves t  "too much" i n  owner-occupied housing r e l a t i v e  t o  investment 

i n  more productive p l an t  and equipment. (Feldstein C19821, Hendershott 

C19821.1 Both phenomena are blamed i n  p a r t  on the  in t e rac t ion  of i n f l a t i o n  

2nd the  t reatment  of owner-occupied housing i n  the  f ede ra l  income tax system. 

The non-taxation of  impl ic i t  r e n t a l  income, t h e  deduc t ib i l i t y  of nominal 

i n t e r e s t  payments and property taxes ,  and t h e  v i r t u a l  exclusion o f  housing 

c a p i t a l  ga ins  from t axable  income are a l l  believed t o  provide incent ives  for 

households t o  become owner-occupiers. 

Modern empir ical  work on t h e  choice between ren t ing  and owning focuses  

. 

. 	on t h e  concept of t h e  "user cost" of housing, which in t eg ra t e s  i n to  a single 

measure t h e  var ious  components of housing cos t s :  i n t e r e s t  r a t e s ,  property 

and incone t a x e s ,  maintenance, deprec ia t ion ,  expected c a p i t a l  gains ,'e t c .  

A t y p i c a l  approach is t o  compute t h e ' e x-post value of  t he  user  cost  of  owner 

occupation each period, and then estimate a regression of t h e  proportion of 

owner-occupiers i n  t h e  population on t h e  user cost  and other  var iables .  This 

approach has been f a i r l y  successful i n  explaining the  movement of t h e  homeowner-

sh ip  r a t i o  over  time. (Rosen and Rosen C19801, Hendershott and S h i l l i n g  C19803. ) 

The s tandard approach impl i c i t l y  assumes t h a t  households know t h e  u s e r  

cost  of housing with ce r t a in ty .  However, t h e  ex post  user  cos t  measure-
exh ib i t s  s u b s t a n t i a l  v a r i a b i l i t y  over time, and it i s  highly unl ikely t h a t  

ind iv idua ls  be l ieve  themselves ab le  t o  fo recas t  these f luc tua t ions  with 
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c e r t a i n t y .  Since housing decis ions a r e  usual ly  made over t i m e  horizons of  

s eve ra l  yea r s ,  t h i s  uncer ta inty can have important consequences for behavior.  

Ignoring it can lead  t o  incor rec t  p red ic t ions  of how people w i l l  behave under 

c e r t a i n  conditions.  Consider t h e s e  two examples: 

1) During a per iod o f  time, housing p r i ces  increase  s u b s t a n t i a l l y  year 

a f t e r  year.  Ex post measures of t h e  user  cos t  of owner-occupation suggest-
t h a t  f ami l i e s  should become homeowners i n  order  t o  reap t h e  c a p i t a l  gains.  

Iiowever, ind iv idua ls  do not  know ex an te  t h a t  these  gains w i l l  occur.  Indeed, 

pas t  p r i c e  increases  may increase t h e i r  subjec t ive  uncer ta in ty  concerning 

f u t u r e  movements i n  price. To t h e  extent  t h a t  they a re  r i s k  averse ,  t h i s  increase  

i n  uncer ta in ty  w i l l  discourage people from becoming homeowners a 1 . 
2 )  The government announces t h a t  it w i l l  begin taxing housing c a p i t a l  

gains  a t  t h e  same r a t e s  as ordinary income. Focusing only on t h e  ex post 

user  cost  suggests t h a t  such a pol icy w i l l  decrease the  incidence of owner-

occupation i n  the  population. But t he  pol icy a l s o  lowers t h e  var iance of 

t h e  user  cos t  o f  homeownership--the government i n  e f f ec t  becomes a s i lent  

pa r tne r ,  shzr ing both gains and lo s ses .  If individuals  are r i sk-averse ,  t h i s  

w i l l  tend t o  increase  t h e  a t t r ac t iveness  of  owner-occupation, ceteris par ibus .  

In t h i s  paper, w e  construct  and est imate  a simple model of t h e  t enure  

choice t h a t  e x p l i c i t l y  allows for t h e  e f f e c t s  of  uncertainty.  Sect ion I1 

presents  t h e  bas i c  model and Section I11 discusses  econometric issues involved 

i n  i t s  estimation. Section I V  p resents  t h e  r e s u l t s  and some of t h e i r  

implicat ions.  Pr ice  uncertainty is  shown t o  have a s t a t i s t i c a l l y  s i g n i f i c a n t  

'In f a c t ,  dur ing the  1970's,  s u b s t a n t i a l  increases  i n  house p r i c e s  
occurred with barely any movements i n  t h e  proportion of homeowners -- t h e  
f i g u r e  i n  1973 was 0.645; and i n  1977, 0.648. (See Rosen C19811.) In  
t h e  ea r ly  198O'S,  t h e  proportion of homeowners declined from 0.658 i n  
1980 t o  0.649 i n  1982. (See U.S. Bureau of the  Census C1980, 19821.) 
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and quan t i t a t ive ly  large impact on t h e  percentage of owner-occupiers. The 

r e s u l t s  suggest t h a t  previous work which ignored uncertainty may have over-

s t a t e d  tax e f f e c t s  on tenure choice. Section V provides a summary and 

suggest ions f o r  add i t iona l  research. 

11. The Model 

In  t h i s  s e c t i o n  w e  develop a model of household tenure  choice which 

focuses on t h e  role of p r i c e  uncertainty.  Assume t h a t  an ind iv idua l ' s  u t i l i t y  

depends upon h i s  consumption of housing serv ices  and of a composite of a l l  

o the r  goods. Housing serv ices  are assumed ava i l ab le  in  e i t h e r  of two mutually 

exclusive modes; r en t ing  or owning. For s impl ic i ty ,  r en t ing  and owning are 

modelled as d i s t i n c t  commodities with c h a r a c t e r i s t i c s  which may d i f f e r .  For 

examole, it may be d i f f i c u l t  t o  r e n t  a s ing le  u n i t  with a l a r g e  backyard. 

S imi la r ly ,  it may be impract ical  f o r  a homeowner t o  cont rac t  f o r  t h e  kind of 

maintenance serv ices  ava i lab le  t o  a r en te r .  2 Algebraically,  i f  G = quan t i ty  

of t h e  composite good, H = quant i ty  of housing serv ices  consumed i n  owner­

occugation mode, and R = housing se rv ices  consumed i n  r e n t a l  mode, t hen  

U = U ( G , H , R )  

where U(*> is  t h e  u t i l i t y  funct ion,  and HxR = 0 . 
A t  t he  time the  tenure choice i s  made, t h e  fu tu re  r e a l  p r i ces  o f  both modes-

a re  uncertain.  As w i l l  be shown below, t h e  r e a l  cost  of owner-occupation (PI 

depends i n t e r  a l i a  upon future housing c a p i t a l  gains ,  i n t e r e s t  r a t e s ,  and 

2Henderson and Ioamides  c19831 provide a usefu l  discussion of t h e  
d i s t i n c t i o n s  between ren t ing  and owning. 
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federa l  income t a x  r a t e s ;  none of which is known with ce r t a in ty .  S imi la r ly ,  

i n  t h e  absence of long run  indexed l eases  for r e n t a l  housing, uncer ta in ty  
' 

a l so  surrounds i t s  r e a l  p r i c e  ( Q )  . The p r i ce  of t h e  composite good is 

assumed t o  be known with ce r t a in ty ,  and is equal t o  uni ty .  

The ind iv idua l  makes h i s  choice by comparing t h e  outcomes of two sub­

aroblems. The first i s  maximizing u t i l i t y ,  assuming t h a t  owner occupation 

i s  se l ec t ed ,  and t h e  second is maximizing u t i l i t y  assuming t h a t  ren t ing  is  

selected.  Let Vh '(P,y)  be t he  maximum u t i l i t y  associated with owning,-
and f l ( Q , y )  be t h e  m a x i m u m  u t i l i t y  associated with ren t ing ;  where y is permanent 

income over t h e  planning period. An indiv idua l  e l e c t s  t o  own if: 

Defining t h e  expected p r i ces  of homeownership and r en t ing  as -P and 
-
Q, r e spec t ive ly ,  and tak ing  a second-order Taylor s e r i e s  expansion of . 
$(;, y )  around t h e  po in t  (7,y )  y ie lds :  

where Vllh =- - and a2 3 E(; - y12 . Similar ly:a'v" 
ap2 

a 2Pwhere Z 	- and 62  Z E(&Q)2 . Hence, w e  can wri te :  
a q2 

One thus expects t h a t  ( t o  a second order  approximation) t h e  

tenure  choice w i l l  depend upon: i>t h e  expected p r i ces  of t h e  

nodes (v, q) .and  ii) the  var ia t ion  of ac tua l  p r i ces  about t h e  

I 
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2fo recas t  (0 and d 2 I o 3  Tbese l a t t e r  terms ( re fer red  t o  here in  as t h e  f o r e c a s t  

e r r o r  var iances)  figure importantly i n  our t es t  o f  t h e  relevance of uncer ta in ty  
4t o  tenure  choice.  

Our focus h a s  been on t h e  tenure choice a t  an individual  l eve l .  Aggregation 

presents  t h e  usual  d i f f i c u l t i e s ,  but  may be motivated by consider ing a 

population with heterogeneous t a s t e s  and incomes, but i d e n t i c a l  expectat ions 

f o r  f u t u r e  pr ices .  For ind iv idua l  i , def ine  

where A i is a vector  of t as te  parameters., In tegra t ing  over t h e  j o i n t  

d i s t r i b u t i o n  o f  y i and Ai i n  t h e  population f o r  year  t y i e l d s  t h e  

r e l a t i o n  

where et is t h e  aggregate proportion of homeowners. 
-. 

For, purposes of empir ical  implementation, a s p e c i f i c  func t iona l  form must 

be adopted for (2.1). We assume t h e  convenient spec i f i ca t ion  

1 - O t  = Bo t B P t B 2 t  f B' 02 + 346t2 + f5Yt f Et 3 ( 2 . 2 )13 [ -1 I t  3 t  

wherq is a random error. To t h e  ex ten t  t h a t  changes i n  t h e  p r i c e s  

of the r e spec t ive  t enure  modes induce t h e  same changes i n  u t i l i t y  l e v e l s ,  

c e t e r i s  par ibus,  expected p r i ces  and fo recas t  e r r o r  variances affect t h e  

3Note t h a t  as a consequence of t h e  assumption t h a t  r en t ing  and ownership 
are mutually exclusive,  t h e  covariance between the  p r i ces  does not  enter.- ­
Further ,  it is assumed t h a t  permanent income i s  independent o f  t h e  p r i c e P ,  Q 

4 i t  should be s t ressed.  t h a t  t he  var iance terms are consequences of 
underlying uncer ta in ty  i n  t h e  p r i ce  of  housing, and not t h e  r e s u l t  of asset 
p o r t f o l i o  considerat ions The, i n t e rac t ion  of  housing and f i n a n c i a l  dec is ions  i s  
beyond t h e  scope of  t h i s  paper. 



t enure  decision i n  a symmetric fashion.' Symmetry is c l e a r l y  an empir ical  

i s sue .  For now, w e  merely note t h a t  it implies: 

8, = - B 3  

These r e s t r i c t i o n s  w i l l  be t e s t ed  below. 

111. Empirical Implementation 

We est imate  equat ion ( 2 . 2 )  with annual U.S. data  f o r  1956 t o  1979. In  

t h i s  sec t ion  we expla in  t h e  construction of empirical  counterpar ts  to t h e  

t h e o r e t i c a l  cons t ruc ts  of Section 11. The sources of a l l  da t a  are documented 

in an appendix available upon request. 

I. The proportion of homeowners (3,) 

Ja f fee  and Rosen [19791 argue t h a t  demographic changes i n  Uie U.S..popula­

tion have had a major e f f e c t  on the rate of household formation and 

homeownership, and that meaningful comparison of homeownership rates over 

time requires  tha t  such changes be taken i n t o  account. We adapt the Jaffee­

~ o s e nprocedure, which cons i s t s  of creat ing a series which cont ro ls  f o r  

the changing mix of household types due t o  changes i n  the  a g e . d i s t r i b u t i o n  

of the  population and a l t e r a t i o n s  i n  marriage and divorce pa t te rns .  

.-

2. The expected p r i i e  of owner-occupation CP )t-
Computation of t h e  p r i c e  of owner-occupation is complicated by t h e  f a c t  

t h a t  owners do not  pay 'm e x p l i c i t  annual r e n t  for housing. An important 

p a r t  of  t he  annual cos t  of owner-occupied housing se rv ices  is t h e  unobservable 

'In terms of  our t h e o r e t i c a l  model, a su f f i c i en t  condition for symnetry is 
t h a t  Vh(*) and V r ( * )  be i den t i ca l  up t o  an addi t ive  constant.  



..- . --.. . - ----._.--- ,. 
opportuni ty  c o s t  of t he  owner's equi ty  i n  t h e  house. Moreover, t h e  federal 

incorne t a x  lowers t h e  e f f e c t i v e  cos t  by allowing ded&tions o f  mortgage 

i n t e r e s t  payments and l o c a l  property taxes.' F ina l ly ,  l i k e  any other  asset, 

an t i c ipa t ed  c a p i t a l  gains  on a house ( e i t h e r  pos i t i ve  o r  nega t ive)  have an 

impact upon its e f fec t ive  r e n t a l  p r i ce .  Readers familiar with t h e  neoc la s s i ca l  

investment l i t e r a tu re  w i l l  recognize t h e  s i m i l a r i t y  between cons t ruc t ing  t h e  

? r ice  of owner-occupied housing se rv ices  and t h e  "user c o s t  o f  cap i ta l . "  

(See e.g. , Jorgenson C19711 1 

The cons t ruc t ion  of u s e r  cos ts  f o r  housing is now famil iar ,  and t h e r e  is 

no need t o  go through t h e  der iva t ion  again i n  detail . '  L e t  Vt = t he  market 

value of a house i n  per iod t ,  rc t  = t h e  ind iv idua l ' s  opportuni ty  cos t  of 

c a p i t a l ,  rmt= t he  mortgage r a t e ,  Dt = depreciation,,  Mt = maintenance, and 

Tt = prooerty taxes .  If t h e  share  of  owner's equi ty  i n  t h e  house is yt '  

then  t h e  r e a l  annual cos t  of owner-occupied housing services i n  year  t , 
?* is 

(l-rt)CytrctVt t (1-Y>r V t T t l  t Dt t M - V .. 

Pt -- t m t  t t t (3.1) 

where tt 
is t h e  marginal income t a x  r a t e  i n  period t ,  Vt is t h e  expected 

ca?ital gain i n  period t ,  and PLt is an index of t h e  general  p r i c e  level..8 

Dzta on mortgage rates are not ava i l ab le  f o r  t h e  e n t i r e  sample per iod,  nor  

i s  t h e r e  s u f f i c i e n t  information t o  allow ca lcu la t ion  of yt .  We t h e r e f o r e  
.-

6See Congressional Budget Office C19811 f o r  a de t a i l ed  discussion of t h e  tax 
provis ions  r e l a t e d  t o  housing. 

Dougherty and Van- Order C19821 provide a careful der iva t ion .- -. 
'Expression (3.1) ignqres  t ransac t ions  costs .  The ' fact  t h a t  b is n o t  
mul t ip l i ed  by (l-t.,) reflects t h e  reasonable approximation t h a t  housing c a p i t a l  

ga ins  a r e  untaxed. (See Congressional Budget Office C198ll.) Vt is measured-
as (L-V t where Vt+l is  t h e  optimal predict ion of Vttl generated by 

pn ARIMA model. I n  some versions,  a seoarate  ARIMA model i s  used t o  compute-
Vttl

; i n  o thers ,  t h e  same ARIMA model i s  applied t o  a l l  components o f  

equation ( 3 . J ) .  AS shown i n  Sect ion I V  below, t h e  subs tan t ive  r e s u l t s  a-ne 

e s s o z t i a l l y  unchanged by the  difference.  (All expectat ions are computed i n  

r ea l  terms.) 

C 
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assume t h a t  rmt = r , which makes yt i r r e l evan t .  For r , t h e  AAA 
c t  Ct 

corporate  bond r a t e  i s  used. No t i n e  s e r i e s  da t a  a r e  ava i l ab le  on t h e  

deprec ia t ion  and maintenance cos t s  of t he  stock of owner-occupied housing. 

Following general  r e a l  e s t a t e  p rac t i ce ,  we take depreciat ion and maintenance 

each t o  be 1 percent  of t h e  house value,  Vt' 
a s  t h e  average noncommercial property t a x  per  

term Tt is t h e  average marginal tax r a t e  on 

[1981]. 9 Pbt is t h e  imp l i c i t  p r i ce  d e f l a t o r  

with base year 1972.  ' (pL1972 = 1.0.) 

Property taxes  a r e  computed 

owner-occupied dwelling. The 

income as  ca lcu la ted  by Jo ines  

for t o t a l  consumption expenditures 

Subs t i t u t ing  a l l  o f  these  var iab les  i n t o  (3.1) gives us  only t h e  post-
cos t  of owner-occupation i n  year t , while our theory suggests t h a t  t enu re  

decis ions a r e  based upon the  ex?ected annual c o s t  over the  re levant  horizon.10 

Only i f  expectat ions a r e  myopic w i l l  people expect t h e  current  r e d  pvice t o  

continue i n t o  t h e  fu ture .  Because expected housing p r i ces  are not  d i r e c t l y  

observable,  they must be constructed on t h e  bas i s  of  some model. There has  

been a long and sometimes acrimonious debate on j u s t  how expectat ions are 

formed. (Much of t h e  discussion is reviewed bv Friedman r19791.1 We use 

. .  
a v m i e ~9 ~ ~ r  05 reasons, it is d i f f i c u l t  t? say exact4y which jax rats

is re levant .  F i r s t  Of a l l ,  not a l l  homeowners l temlze t h e i r  deductions. 
Secondly, Hendershott and Slemrod [1981] note  t h a t  t h e  appropriate  variable 
i s  t h e  average tax savings Per d o l l a r  due t o  homeownership. We bel ieve  t h a t  
t h e  marginal ra te  used here provides a good approximation.- - ..-

"Specif ical ly ,  t h e  decis ion is based upon the  f u t u r e  cos t s  o f  a u n i t  purchased 
i n  t h e  present  period. For ina iv idua ls  who finance t h e i r  e n t i r e  purchase with a 
f ixed  r a t e  mortgage, t h e  borrowing cos t  component (r  t )  is  constant  over t h e  
re levant  horizon. However, as w e  noted i n  Section IIIf.2, in  t h e  absence of 
complete time series da ta  on the  aggregate loan t o  value r a t i o  for new purchases, 
w e  set rmtequal t o  t h e  Aaa corporate  bond rate (ret) ,which does vary over  
t he  horizon. The l a r g e r  t he  equi ty  proportion of house value,  t h e  more accurate  
w i l l  be our  approximation. As a p r a c t i c a l  mat ter ,  however, t h i s  i s s u e  is not  
of much importance. For h i s t o r i c  values  of yt from 1960-1976, w e  
f i nd  t h a t  over a t y p i c a l  f ive-year horizon, the  ference between t h e  
average user  cost using our procedure, and one d is t inguish ing  between rct  
and rmt , is only about $48. . .  

A r e l a t ed  i ssue  is whether +ha aono*anity coat of .%rids might be better 
ye?resented by some o the r  i n t e r e s t  r a t e ,  such as the  re turn  on t a x  exempt 
secu r i t i e s .  We found t h a t  inclusion of t he  r a t e  on municipal bonds ins tead  

I 
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t h e  opt imal  ARIMA forecas t ing  procedure suggested by Box aTd 
. .  . . .  

Jenkins  C197'01. The Box-Jenkins model produces fo recas t s  of a va r i ab le  

base6 only on pas t  values. Condi t ional  on t h i s  information, t h e  forecasts 

a r e  r z t i o n a l .  In  p r inc ip l e ,  one might want t o  forecas t  using a completely 

s p e c i f i e d  econometric model. This 9 however 9 would r equ i r e  fo recas t ing  a l l  o f  

:he Gadel ' s  exogenous va r i ab le s  i n t o  t h e  future .  In a similar context ,  

Fe ldsre in  and Summers [1978] argue, "There' i s  no reason t o  expect t h a t  t h e  

more genera l  procedure t h a t  r equ i r e s  es t imates  of monetary and f i s c a l  po l i cy  

f o r  :any years  ahead would y i e l d  b e t t e r  forecas ts  than t h e  simpler Box-Jenkins 

procedure. I' (pp . 2-6 1. 

Forecas ts  made a t  any given time are based only on information a v a i l a b l e  

a t  t k s t  time. (Current year  p r i c e s  are  not included i n  t h e  information s e t ,  

but a l l  l a g s  are.) Thus, it i s  necessary t o  estimate a sepa ra t e  fo recas t ing  

equa:ion f o r  each year ,  based upor! observations p r i o r  t o  t h a t  year.  It is 

not cbvious how fa r  i n t o  t h e  pas t  t h e  observatiolis f o r  each fo recas t ing  

equation should go. One poss ib le  procedure is t o  choose some a r b i t r a r y  length  

of t h e  (say  1 0  years )  and assume t h a t  individuals  u s e  da t a  only wi th in  t h a t  

per iod t o  make t h e i r  forecas ts .  Each 'year a new observation i s  added, and 

simultaneously the  observat ion a t  t h e  end of t he  sample is dropped. This 

method is sometimes called " r o l l i n g  regression.  lt1l 

Another p o s s i b i l i t y  is t h a t  as more information becomes ava i l ab le  over 

time, ind iv idua ls  employ it, but  continue t o  use the  o lde r  information as 

w e l l .  Thus, t h e  number of observat ions grows each year.  People 

be l i eve  t h a t  t h e  bas ic  economic s t r u c t u r e  generating the  observat ions remains 

of ret rriade l i t t l e  difference.  F ina l ly ,  it might be the  case tb.:rt t h e  
r e l evan t  opportunity cost  might be investment i n  another house. This p o s s i b i l i t y  
i s  r u l e d  out  by our assumption t h a t  each individual can own only one dwelling. 
i n  a more general  model which viewed t h e  housing choice as p a r t  of a p o r t f o l i o  
dec is ion ,  t h i s  p o s s i b i l i t y  could be analyzed. See Section V below. 

. 6 . -.\ 
11Some j u s t i f i c a t i o n s  f o r  r o l l i n g  regression a r e  discussed by Friedman 

[1973]. Yelastein and Sunmers 119781 use it t o  generate a time s e r i e s  of 
expected i n f l a t i o n  r a t e s .  
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the  same, but they use new information t o  update t h e i r  es t imates  of t h e  

s t r u c t u r e ' s  parameters. For p r a c t i c a l  purposes, a s t a r t i n g  poin t  is 

needed. If World W a r  I1 is perceived as an important breaking poin t  i n  

economic h i s t o r y ,  then s t a r t i n g  somewhere i n  the  l a te  1940's is sens ib l e .  

Essen t i a l ly ,  t h i s  is no d i f f e ren t  than t h e  t y p i c a l  p rac t i ce  of using a l l  

avalleble post-War da ta  t o  es t imate  macroeconomic r e l a t ionsh ips .  

There i s  n o t  much t h e o r e t i c a l  bas i s  f o r  choosing between t h e  two assumptions 

on how information is processed. We t r i e d  both and found t h a t  the second 

performed b e t t e r  i n  t h e  sense of  lbading t o  a s t a t i s t i c a l l y  super ior  

explanation o f  t h e  tenure  choice. The r e s u l t s  presented below are based on 

t h i s  method. 

P.fter some preliminary ana lys i s  of  ' t h e  time s e r i e s  on Pf , we se l ec t ed  

an ARIM (l,l,O) equation t o  make fo recas t s  i n  year  T : 

.where u is a normally d i s t r ibu ted  white noise  e r r o r  and 4 ( T )  is  a 
t 

parameter t o  be estimated.12 Again, note t h a t  (3.2) is  re-estimated each year  

T w i t h  observat ions from year 0 t o  T-1 . Within a given time period $ ( T )  

is  cons tan t ,  bu t  as the  time period changes, so does O(T) . ( I n  p r a c t i c e ,  

year 0 is 1946, and t h e  first 4 is  estimated for 1956. )  

Given an estimate of  + ( T I  , say ; (TI , equation (3.2) can be solved 

recursively t o  generate fo recas t s  of t he  p r i ce  of homeownership f o r  a s  many 

I 

'?It is poss ib le  t o  view t h e  ARIMA(1,1,0) m n d l l  of  equation (3.2) as 
the  AR(2) model Pt = +lPt-l t d2Pt-2 + ut with t h e  cons t ra in t  4,. t +2 = I. 
A t e s t  on t h i s  cons t r a in t  using observations from 1939 t o  1979 indica ted  t h a t  
it w a s  cons i s t en t  with t h e  data--F(1,37) = 2.08, while t h e  cr i t ical  l e v e l  a t  a 
0.05 s ign i f icance  l e v e l  i s  4.08. Note a l s o  t h a t  with t h e  no rmdi ty  assumption,
t h e  d i s t r i b u t i o n  of P can be character ized by i ts  mean and variance with no 
element of approximat ih .  
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fu tu re  yea r s  from time T as des i red .  This r a i s e s  the quest ion of t h e  

horizon people consider when making t h e i r  tenure choice decis ions.  One 

p o s s i b i l i t y  is t h a t  individuals  look only t o  t h e  end of t h e  cur ren t  year ,  

reasoning t h a t  they can always change tenure s t a t u s  a f t e r  t h a t  time. More 

r e a l i s t i c a l l y ,  subs t an t i a l  t r ansac t ions  cos t s  a r e  involved i n  movingJ3 and 

one exgec ts  t h a t  people are concerned about t h e  course of prices a t  least 

seve ra l  years i n t o  the  fu tu re .  We assume t h a t  people form expectat ions not  

only f o r  t h e  cur ren t  year but  fou r  years  i n t o  t h e  fu tu re ,  and base t h e i r  

t enure  choice on t h e  five year average. That is ,  i f  we denote F-Tt5 as 

t h e  simple average of  t h e  first f i v e  fo recas t s  generated by t h e  Tth vers ion  

of equat ion (3.21, then F- is entered as  t h e  observation f o r  Y i n
T+5 t 

equation (2.2). To t e s t  t h e  s e n s i t i v i t y  of our substant ive r e s u l t s  t o  t h i s  

assuxpt ion on horizon length ,  we also estimated t h e  tenure  choice equation 

a s s m i n g  t h a t  decis ions are made on a one-year bas i s .  These r e s u l t s  we also 

reported below. 
--_.- I - - -

Figure 3.1 shows the  value of $ ( T I  f o r  each year. Note t h a t  t h e  estimates 

1 .  vary s u b s t a n t i a l l y  as new information becomes ava i lab le .  Hence, attempts 

,2. f t o  rodel  expectat ions formation on t h e  bas i s  of a s ing le  ARIMA model.estimated 

,-.L r - f o r  t he  e n t i r e  period would l i k e l y  produce misleading inferences.  To t h e  

ex ten t  t h e r e  is a t r end ,  t h e  value o f  $ ( T I  tends toward zero. As equation 

(3.2) i nd ica t e s ,  a decrease of + ( T I  i n  absolute  value suggests t h a t  r e l a t i v e l y  

more weight is being placed on t h e  most recent  observation. This may be due 

t o  t h e  increased v o l a t i l i t y  i n  Pt which occurred during t h e  1970's. This 

phenomenon, associated mainly with movements i n  nominal i n t e r e s t  r a t e s  and 

c a p i t a l  ga ins ,  reduced t h e  value of "old" information. The negat ive values 
. . .  . _.- . - - . - _ .*- .. ,. . .  I' :.. .. ,. . ... .. . .. . .. 

of  Q ( T )  suggest  t h a t  housing expectat jons are "regressj.ve" i n  t h e  sense t h a t  

i f  p r i c e s  have gone up i n  t h e  p a s t ,  people expect them t o  r e tu rn  toward some 

"normal" value. 

1'"For a3 estimate of t h e  t r ansac t ions  cos t s  associated with moving, see 
Venti  and Wise [1982]. 
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F i g u r e  	3.2 exh ib i t s  f o r  each year  t h e  expected p r i ce  of owner-occupation 
-. over a f i v e  year  per iod,  P-

T+5 
, and compares them t o  the  average of t h e  

- . - a c t u a l  (ex-post) pr i ces  f o r  t h e  same period. Over t h e  per iod 1956-19'96, a e  -
.I : 

average ex pos t  value of F-
T+5 

was $652.62; t h e  average ex ante value was 

$736.14. Due t o  the  nature  of t h e  learn ing  process imposed by equation (3.21, 

ind iv idua ls  react t o  turn ing  poin ts  with a one period lag.  Note that 
i n  the  1 9 7 0 ' ~ ~people of ten  expected t h e  cost  of housing t o  be higher t h u r  

i t s  --ex oost:value. This may help explain t h e  r e l a t i v e l y  small change i n  

the  homeownership r a t e  during t h a t  decade. 

It  should be noted t h a t  our procedure assumes t h a t  people form 

expectat ions of the  r e a l  user  c o s t ,  P t ,  as a whole. I t  is also plausible 

t h a t  agents fo recas t  each component o f  t h e  user  cos t  and then aggregate. 

The l a t t e r  procedure,however, i s  d i f f i c u l t  t o  implement. The inves t iga to r  

must spec i fy  and est imate  an ARIMA model of each component. Correctly, .  

aggregating involves ,  a t  a minimum, computing t h e  covarianceS between 

separate ARIMA models. The non-linear nature of equation 3.1 complicates 

matters f u r t h e r .  For these  reasons,  our simpler procedure was adopted 

f o r  t h e  bulk of  the  ana lys i s .  

. A l s o  reported below, however, a r e  es t imates  based on 

a moCel i n  which real c a p i t a l  gains a r e  t h e  only source of uncertainty.  This 

assucpt ion has been used i n  e a r l i e r  s t u d i e s  of tenure choice (Hendershott 

and S h i l l i n g  Cl9821, Rosen and Rosen C19801) and s tudies  of business 

investment (Jorgenson Cl971.3). 

3 .  	 The fo recas t  e r r o r  variance o f  t h e  pr ice  of owner occupation (u2 I .  
t-

The same equations used t o  generate t h e  expected price of owner occu?ation 

can be used t o  produce a s e r i e s  of the  forecas t  error variances.  From 
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equations (3.2), a t  t h e  s t a r t  of year T ,  the  one year  ahead forecast, PT , is 

The t r u e  value one yea r  hence (condi t ional  on 3.2) i s  

-
i h e  e r r o r  i n  t h e  one year ahead forecas t  made a t  t h e  s t a r t  of  year  T is  (PT - PT)$ 

and i t s  var iance a; v -

- 2where u (TI i s  t h e  year  T est imate  of  the  var iance of U T '  
Two s implifying assumptions can be made: 

( a )  The covzriance of $ ( T I  with tSe da ta  on which it is estimated 

(?l,...,?T,l) is zero.  To compute it is burdensome, and it is p laus ib le  

t h a t  people ignore t h i s  source of e r ro r .  I n  t h i s  case, equation (3.4) 

re d x es t o  

(3 .5 )  

- '2 
$(TI is t h e  estimated variance of  $ (TI ,  computed as usual  aswhere 

(b) = 0 .' This simplifying assumption is  made i n  v i r t u a l l y  a l l  

A X Y A  forecas t ing .  (See Nelson C19731.1 I n t u i t i v e l y ,  it is assumed t h a t  

t h e r e  are enough observat ions so t h a t  e r ro r s  of es t imat ion are of second o rde r  

importance r e l a t i v e  t o  the  inherent u x e r t a i n t y  ( uT ) i n  t h e  world. We 



14 

Then f ind  

2uT = A2 ( T I  (3.6) 

Expressions (3.5) and ( 3 . 6 )  give a l t e r n a t i v e  values  f o r  t h e  forecas t  

e r r o r  var iance of  a one year  forecast .  Our framework, however, requi res  

coTpQting the  var iance f o r  a f i v e  year average. This l eads  t o  two complications:  

a. I t  must be assumed t h a t  ;(TI is known with ce r t a in ty .  Recall t h a t  

i n  t h e  case of t h e  one-year fo recas t ,  one can choose between assuming 
1 


t h a t  $(TI is  known.with ce r t a in ty  o r  uncertainty.  For t h e  former, equat ion  

( 3 . 6 )  is used; f o r  t he  l a t t e r ,  equation (3.5) is relevant .  Once we f o r e c a s t  

f u r t h e r  i n t o  t h e  f u t u r e ,  t he  computational problem becomes in t r ac t ab le  u n l e s s  

we assume t h a t  u2 
G(~) 0 . This is  because each forecas t  e r r o r  var iance= 

.5 

contains  ex2ectat ions of  t h i r d  and higher  order  moments of + ( T )  . 
I n  an attempt t o  gauge t h e  importance of assuming ;(TI  is  known with 

, c e r t a i n t y ,  we estimated two d i f f e r e n t  tenure choice equations with the  

naintained hypothesis t h a t  one-year ahead forecas ts  were appropriate.  In-
::?e f i rs t  u T was e s t h a t e d  using (3.5); i n  t h e  second, ( 3 . 6 ) .  The . 

resul ts ,  which are presented below, i n d i c a t e  t h a t  t h e  substant ive r e s u l t s . a r e  

unaffected. Of course,  w e  do not  know t h a t  t h i s  would continue t o  be t h e  

case f o r  t he  five-year horizon; but t h e  r e s u l t  is suggestive.  



b. The variance of t h e  f i v e  year average is not simply t h e  average of t h e  

f i v e  variances.  The computation must take i n t o  account t h e  cova2iances between 

the  fc recas t  e r r o r s  f o r  t h e  var ious years.  Some ted ious  but  straightforward 

ca l cu la t ions  y i e ld  t h e  following fornula  f o r  t h e  f i v e  year  average forecas t  

e r r o r  var iance,  21 4  u-:T t 5  

2 4 2 u - - - 3 c ; ~ ( T )  z a i lT+5 i = O  

where 

Figcze 3.3 shows how t h e  f i v e  year  average forecas t  e r r o r  var iance changed 

over t h e .  Its mean value over  t h e  sanple period was 366,676, and the  general  

tendency has been for it t o  fall. l5 This is r e f l e c t i v e  o f  t h e  pa t t e rn  of a c t u a l  
C . 
, --


" 
1'-

- p r i c e s  depicted i n  Figure 3.2. Although pr ices  i n  the  beginning of  t h e  period 
- ,

1 -r .- ;- moved less than those a t  t h e  end, they did so i n  a less "predictable1' way. 

' n  Details are provided i n  an appendix ava i lab le  upon request. 

''A general downward t r end  in te r rupted  i n  about 1975 was a l s o  found i n  
t h e  fo recas t  e m o r  var iances  generated by t h e  " ro l l i ng  regression1'  model. 
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4. 	 The expected value and forecas t  e r r o r  variance o f  t h e  p r i ce  of r e n t a l  
2housing, qt and 6 %  . 

The sane s t r a t egy  is  used t o  compute 5 and 6 2 as  was used for 7 
t t t 

and G: above. A s e r i e s  of equations of  the  form 

( 3 . 7 )  

a re  est imated,  and t h e  r e s u l t s  are used t o  generate expected values and 

variznces.'6 Unlike t h e  case of owner occupation, it is not  necessary t o  

construct  a time s e r i e s  on Qt '  Expl ic i t  r e n t s  a r e  paid t o  landlords ,  

and da ta  on them are e a s i l y  avai1able.l '  

Cver t h e  per iod,  t h e  -ex post rea1"pr ice  of ren t ing  rises smoothly, 

a s  does t h e  forecas t  value.  (The mean ex post value is  $1103; t h e  mean 

ex ante  value i s  $1066.) The forecas t  e r r o r  variances of r en t ing  are very 

small compared t o  t h a t  associated with owney-occupation. It seems l i k e l y  

t h a t  r i s k s  associated with owning are most important t o  t h e  tenure decision. 

5 .  Other var iab les  

Our t h e o r e t i c a l  discussion suggested t h a t  permanent income should have 

an e f f e c t  on housing decis ions.  Muth cl960, p.301 and o the r s  have noted t h a t  

Again, t h i s  time s e r i e s  process was selected af ter  preliminary inves t iga t ion .  

"S?ecif ical ly ,  Q, was constructed on t h e  bas i s  of census data on t h e  median 
r e n t  of renter-occupied un i t s .  Further d e t a i l s  are provided i n  a da t a  
q p e n t i x  ava i lab le  upon request ,  There a r e ,  of course, a number of government 
programs that  imp l i c i t l y  and e x p l i c i t l y  subsidize r e n t a l  housing. However, 
a l l  t h a t  matters f r o m  our  point  of view i s  t h e  market price facing consumers, 
and t h i s  is prec ise ly  what t h e  published data a r e  intended t o  r e f l e c t .  
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curren t  consumpion is  probably a b e t t e r  "proxy" f o r  permanent income t h a t  is 

curren t  izcome. We therefore  include pe r  capita r e a l  'consumption, C, , as 
c 

a r igh thazd  s i d e  var iab le .  1 8  

An i n c 3 r t a n t  i s sue  i n  the  housing l i t e r a t u r e  i s  t h e  ex ten t  t o  which c r e d i t  

r a t i o n i n g  inf luences housing denand dec is ions .  (See Arcelus and Meltzer 

C13721 and Swan C19731.1 A r igorous examination o f  the  impact o f  c r e d i t  

r a t i c n i n g  on t h e  tenuze decision would r equ i r e  spec i f i ca t ion  and es t imat ion  

zf a d i s e q u i l i h i u m  model as  suggested by Fair and Ja f f ee  C19721. A simpler  

apTroach i s . t o  include ainong the  r eg res so r s  a measure of  t h e  a v a i l & i l i t y  

of mcrtgage market funds. For t h i s  purpose, we crea te  t h e  v a r i a b l e  CREDt , 
2ei ined  as t h e  r e a l  growth i n  depos i t s  a t  t h r i f t  i n s t i t u t i o n s  (mutual 

savings banks and savings and loan a s soc ia t ions )  between years  t-l and t. 

3ne expec ts  t h a t  if c r e d i t  a v a i l a b i l i t y  has been a f a c t o r  i n  t h e  homeownership 

dec is ion ,  then CREDt w i l l  have a p o s i t i v e  s ign.  

A .  The Basic Model 

I n  o u r  bas i c  equation, expected prices and t h e i r  forecas t  e m o r  var iances  

Ere compuyed over a 5 year  horizon. I n  terms of equation ( 2 . 2 ) ,  F' = -
L T J  

,
L-2 

T+ 5 , and Qt and bt2 a r e  def ined analogously. Under t h e s e  assumptions,u t = u ­
19

and iinposing cons t r a in t s  (2.31, ordinary  l e a s t  squares es t imat ion  of ( 2 . 2 )  

'%he consumption var iab le  includes expenditures on housing. Conceptually , 
t h i s  i s  appropr ia te ,  because t h e  idea  i s  t o  proxy permanent income, and a l l  
conponents of t h e  consumption stream Ifbelong." Simultaneity is not  l i k e l y  t o  
be an important i s sue  because t h e  dependent var iab le  i s  a funct ion o f t h e  
homeownership r a t i o ,  n o t b u s i n g  expendi tures  per se. In  any case,when consumption 
n e t  of housing expenditures is used t h e  resu l t s  ape e s s e n t i a l l y  unchanged. 

19Preliminary inves t iga t ion  ind ica ted  t h a t  t h e  hypothesis  cha t  constraint 
( 2 . 3 )  is appl icable  could not be r e j e c t e d  by t h e  data.  The F - s t a t i s t i c  for 
t h e  tes t  was 3 . 2 8 ,  and t h e  c r i t i c a l  value is  F ( 2 ,  18-1 = 3 . 5 5  (5%) o r  6.01 (1%).
In  t h e  unconstrained equation, t h e  coe f f i c i en t s  on Qt and 6: were ins ig ­
n i f i c a n t l y  d i f f e r e n t  from zero,  a phenomenon l i k e l y  due t o  i n s u f f i c i e n t  
v a r i a b i l i t y  within t h e  sample period. The fact t h a t  t he re  were fewer degrees  
35 f-eedcn a Ja i l ab le  i n  t h e  unconstrained regression may a l s o  have cont r ibu ted  
fo  t h e  i n a i l i t y  t o  estimate the  c o e f f i c i e n t s  prec ise ly .  

2 



l a .  

y i e l d s  : 

CI 

- 2
6.89 - a t )  + 2.04 cct 10-41 
(1.74) (0.30) 

D . W .  = 1.44 

R2 = .989 

The nunbers i n  parentheses are standard e r rors .  The Durbin-Watson statistic 

is  i x o n c l u s i v e  a t  5% and does not  r e j e c t  t h e  n u l l  hypothesis a t  a 1%leve l .  

In  any case ,  when a f i r s t - o r d e r  cor rec t ion  for autocorre la t ion  is made, t h e  

outcome is  v i r t u a l l y  unchanged. 
- -

T:-.e coe f f i c i en t  on (P, - 3,) is negative and s ta t is t ical ly  s i p - i f i c a n t
L 

a t  c s m e n t i o n a l  leve ls .  When the  expected excess of  the  cos t  of owning over 

r en t ing  increases ,  t h e  proportion of owner-occupiers decreases. The e l a s t i c i t y  
-

of 3t K i t h  respect t o  (Ft - Q,) I s  -G.053.20 This r e s u l t  is  q u a l i t a t i v e l y  

consis:ent with e a r l i e r  research. 

The key new va r i ab le  introduced i n  our spec i f i ca t ion  is t h e  difference in 
2

t h e  forecas t  error var iances  of t h e  c o s t s  of owning and r en t ing ,  (ut
2 - 6t). 

The coe f f i c i en t  on t h i s  term is  negat ive and exceeds i t s  standard e r r o r  by 

near ly  a f a c t o r  of 4. Greater uncer ta in ty  i n  the  pr ice  of  owning reduces 

t h e  proportion of homeowners, c e t e r i s  paribus.  The e l a s t i c i t y  of with 

2respec t  t o  (a: - 6t) i s  -0.188. 

The coe f f i c i en t  o f  t h e  consumption var iab le  is  pos i t ive  and s t a t i s t i c a l l y  

s i g n i f i c a n t ,  with an implied e l a s t i c i t y  of 0.707. As i n  previous work using 

20
A 1 1  e l a s t i c i t i e s  a r e  evaluated a t  t h e  average sample values f o r  1975-79. 

Because o f  t he  subs t an t i a l  v o l a t i l i t y  i n  the  underlying da ta ,  the  e l a s t i c i t y  
ca lcu la ted  f o r  any s i n g l e  year might be misleading. 
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both c ros s  s e c t i o n a l  and time s e r i e s  da t a ,  t he re  is a pos i t i ve  r e l a t i o n s h i p  

between r e a l  p e r  c a p i t a  permanent income (as proxied by personal consumption 

expendi tures)  and t h e  tendency t o  choose owner-occupier s t a t u s .  

One p o t e n t i a l  d i f f i c u l t y  with our es t imates  is  t h a t  they may be incons i s t en t  

due t o  s i x u l t a n e i t y  bias .  If increases  i n  t h e  proportion of  owner occupiers  

dr ives  up t h e  p r i c e  of  owner-occupied housing, then the re  w i l l  be c o r r e l a t i o n  
-

between (F?- Q,) and t h e  e r r o r  term E 
t o  Recently, P losser ,  Schwert and 

'vThite [ iss2]  proposed a spec i f ica t ion  t e s t  which can be used t o  i n v e s t i g a t e  

whether t h i s  is a se r ious  problem. Their  procedure requi res  

es t imat ing t h e  model i n  l e v e l s  and differenced form. Under the  n u l l  hypothesis  

t h a t  Et is i . i . d .  and the re  is  no s imultanei ty  b i a s ,  t he  es t imates  w i l l  

be i d e n t i c a l .  The t e s t  s ta t is t ic ,  chi-squared d i s t r ibu ted  with 3 degrees 

of freedon, i s  1.324, ind ica t ing  a failure t o  r e j e c t  the  n u l l  hypothesis by 

a wide margin. 

, B .  Al te rna t ive  Specif icat ions 

To t e s t  t h e  robustness  of t he  bas i c  model severa l  addi t iona l  s p e c i f i c a t i o n s  

were es t ixa ted .  In  t h e  f irst ,  t h e  c r e d i t  var iab le  ( C R 2 D t I  described e a r l i e r  

was added t o  t h e  bas i c  equation. The r e s u l t s  are shown i n  column ( 2 )  of 

T a b l e  I. (Column (1)reproduces t h e  r e s u l t s  of  t h e  bas ic  equation for convenience.) 

The r e s u l t s  i n  column ( 2 )  show t h a t  t h e  addi t ion of CXED leaves t h e  b a s i c  
t 

r e s u l t s  e s s e n t i a l l y  unchanged. The C E D t  term itself is i n s ign i f i can t .  At 

l e a s t  i n  our  formulation, t he  a v a i l a b i l i t y  of r e a l  mortgage c r e d i t  does not  . 
inf luence the  homeownership decision. As s t ressed  e a r l i e r ,  w e  do not  regard  

t h i s  a s  l e c i s i v e  llproofll t h a t  r a t ion ing  is unimportant i n  the  housing market. 

The b a s i c  model assumed t h a t  households used a five-year horizon for 

tenure choice decis ions.  We estimated two a l t e r n a t i v e  equations where a one-
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jTear dec is ion  horizon was postulated.  The r e s u l t s  i n  column ( 3 )  are based on 

t h e  assum?tion t h a t  t he  autoregressive parameter i n  the  equation t h a t  

generates  p r i c e  expectat ions i s  known with ce r t a in ty .  Hence, t = -PT;* ct = aT of equation ( 3.6 1; and t and 62t are computed analogously. 

Colum 4 I s  based on the  assumption t h a t  t h e  autoregressive parameter is 

xn c e r ts i n--a 
t 
2 

= 'T 
2 of equation (3.51, and d 2

t is  computed analogously. 

Taken t o g r t h e r ,  t h e  results of columns ( 3 )  and (4) show t h a t :  (i)t h e  b a s i c  

es t imates  of column (1) a r e  not very s e n s i t i v e  t o  reasonable changes i n  t h e  

time horizon, and (ii)n e i t h e r  a r e  they s e n s i t i v e  t o  the  assumption t h a t  t h e  

ru to reg res s ive  parameter i n  t h e  p r i c e  expectat ions equations is known wi th  

ceyt  a i n t y  .21 

Column ( 5 )  shows t h e  results when t h e  user  cos t  of  home owning is computed 

under t h e  " t r ad i t i ona l "  assumption t h a t  t h e  only unknown component is t h e  

expecte? r e a l  c a p i t a l  gain.  Spec i f i ca l ly ,  we estimated a series of ARIMA 

models f o r  real c a p i t a l  gains ,  and used them t o  compute t h e  expected va lue  

and fo recas t  error variance over 5-year horizons,  j u s t  as was done for t h e  

e n t i r e  user  cos t  i n  Section 111, The o the r  components of P, were assumed 

known with  ce r t a in ty .  As t h e  r e s u l t s  i nd ica t e ,  not much changes. T h i s . i s  

not too  su rp r i s ing ,  s ince  much of t h e  v a r i a b i l i t y  i n  t h e  Pt s e r i e s  is 

assoc ia ted  with changes i n  house value. 

F ina l ly ,  w e  estimated a version of t h e  model t ry ing  t o  take  i n t o  account 

changes i n  t h e  q u a l i t i e s  of owner-occupied and r e n t a l  housing over t h e  per iod.  

The only dimension of housing qua l i ty  f o r  which time s e r i e s  da t a  are a v a i l a b l e  
6 

is t h e  average s ize  of r e n t a l  and owner-occupied uni ts .  Column (6) reports  

r e s u l t s  when t h e  user  costs were sca led  by average number o f  rooms f o r  owner-

occupied and r e n t a l  housing. ( A  f ive-year  horizon is again assumed.) The 

q u a l i t a t i v e  r e s u l t s  are similar t o  those previously obtained, although t h e  

2 b e  also estimated an equa t ion ' i n  which the  planning horizon for owning 
was f i v e  years ,  and t h e  horizon f o r  r en t ing  was one year. These r e s u l t s ,  which are avallakde upon request ,  a r e  e s -cn t i a l ly  iden t i ca l  t o  those repor ted  i n  
column (1). 
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coe f f i c i en t s  d i f f e r  as a r e s u l t  of t he  scal ing.  O f  course,  t h i s  is a crude 

adjustment f o r  q u a l i t y  change, but it i s  the  only one ava i l ab le  over t he  time 

period. 

C . Some Implicat ions 

To get a b e t t e r  f e e l  f o r  t h e  quan t i t a t ive  s ign i f icance  of our r e s u l t s ,  

it is  usefu l  t o  employ them as t h e  bas i s  f o r  a number of simulations.  

T n i c a l l y ,  s imulat ions o f  t h e  inpact of  changes i n  t h e  housing environment 

focus exclusively on t h e  e f f e c t s  upon the  user cost  of housing. However, 

any exogenous fo rce  which changes mean expected p r i c e s  w i l l  a l s o  a f f ec t  t h e  

forecas t  e r r o r  variances.  To accommodate t h i s  problem, t h e  following 

s inu la t ion  procedure was adopted: 

1) A counter fac tua l  was posed. For instance,  "What would have been t h e  

e5fez t  upon t h e  homeownership r a t i o  i f  the  growth r a t e  of rea l  house values 

had bem constant over  t h e  sample period?" (discussed below) 
.. 

2 )  An a r t i f i c i a l  ex post user cost  s e r i e s  was ca lcu la ted  by evaluat ing 

equa t lm (3.1)  unde r . the  counterfactual  hypothesis. 

3 )  Equatiom ( 3 . 2  were re-estimated on the  a r t i f ic ia l  da t a  s e r i e s ,  

r e s u l t i n g  i n  new es t imates  of  +(TI. These were used t o  ca l cu la t e  expected 

prices of home ownership and forecast  e r ro r  var iances  under t h e  counterfactual .  

4) The counter fac tua l  s e r i e s  of p r i ce  d i f f e r e n t i a l s  and forecast e r r o r  var iance 

d i f f e r e n t i a l s  were s u b s t i t u t e d  i n t o  t h e  estimated behavioral  e q u t i o n  .-.* 

(SnciiLon ( 4 . l ) ) t o  p red ic t  t h e  homeownership r a t i o  which would have obtained'I 

under the  counterfactual .  To avoid p e c u l i a r i t i e s  associated with any 

p a r t i c u l a r  year,comparisons of ac tua l  and simulated homeownership r a t i o s  are 

p=.esenTed on t h e  b a s i s  o f  5 yea? averages over 1975-1979. 

The f irst  proposi t ion considered was the  e f f e c t  of a constant growth r a t e  

i n  r e a l  house values((VtlFLt 1 i n  equation (3.1)). To inves t iga te  t h i s ,  we 

created an p i f i c i a l  s e r i e s  whose endpoints matched the  h i s t o r i c a l  record,  
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but which g r e w  smoothly a t  t h e  r a t e  of 3.1% year ly ,  and then followed t h e  

s imulat ion procedure out l ined  above. 

The r e s u l t s  i nd ica t e  t h a t  a s teady r e a l  growth r a t e  i n  housing prices 

would have increased t h e  proportion of owner-occupiers i n  t h e  la te  1970's 

by +0.0334. I t  is usefu l  t o  "decompose" t h i s  f i g u r e  i n t o  t h e  par ts  due t o  

t h e  change i n  t h e  expected pr ice  d i f fe rence ,  and t h e  p a r t  due t o  t h e  change in t h e  

d i f f e rence . in  t h e  fo recas t  e r r o r  variances.  If ut2 is held a t  i t s  ac tua l  

value and t h e  a r t i f i c i a l  value of t i s  subs t i tu ted  i n t o  equation (4.11, w e  

f ind  t h a t  t he  proport ion of owner-occupiers falls by 0.0072. Under t h e-
simulat ion,  c a p i t a l  gains  i n  t h e  l a t t e r  p a r t  of  t h e  period are smaller  than  

h i s t o r i c a l  values ,  so on t h e  bas i s  of expected p r i c e  a lone,  owner-occupation 

is less des i r ab le  than it was i n  r e a l i t y .  On t h e  o ther  hand, if Ft is 

held a t  i t s  a c t u a l  value,  and t h e  a r t i f i c i a l  value of  t h e  forecast e r r o r  

varlance is  used, then t h e  proportion of owner-occupiers increases  by 0.0406. 

Clear ly ,  t he  encouraging e f f ec t  of l e s s  uncertainty dominates t h e  outcome. 

For re ference ,  these r e s u l t s  a r e  recorded i n  column (1)of Table 11. 

'de next gauged tne  impact of s eve ra l  proposed changes 

i n  t h e  t ax  t reatment  of  housing. Suppose t h a t  during our  sample period t h e  

deduction of mortgage i n t e r e s t  and property taxes had been disallowed, bu t  

everything e l s e  had been the  same. The r e s u l t s  are recorded i n  column ( 2 )  

of Table 11. Elimination of these  deductions would have decreased the  

proportion o f  owner-occupiers by 0.0040. Most of t h e  effect (.0036) comes 

v i a  changes i n  t h e  expected price; e l iminat ion of t h e  deductions does not  

h a e  nuch inpact  upon t h e  forecas t  e r r o r  variance .22 

22The magnitude of  t h i s  e f f e c t  is somewhat smaller than  t h a t  found i n  
e a r l i e r  s t u d i e s  such a s  Hendezshott and Sh i l l i ng  [ i982j  and Rosen and Rosen 
C19801. This is due i n  part t o  t h e  f a c t  t h a t  t h e  marginal income t ax  r a t e s  
used i n  those s tud ie s  exceed.those computed by Joines  [1981], which me t h e  
ones used here .  Hence, removal of any given t a x  deduction has a smaller 
d o l l a r  e f fec t  on t h e  use r  cost  o f  housing i n  t h i s  paper than i n  its 
predecessors. 
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Another t a x  reform p o s s i b i l i t y  is  t o  t a x  housing c a p i t a l  ga ins  a t  ordinary 

r a t e s ,  but  leave the  o t h e r  deductions i n  place. As shown i n  column ( 3 )  of 

Table 11, t h i s  change would have increased the  proportion of  owner-occupiers 

by 0,0105.  This is a su rp r i s ing  r e s u l t ,  but t h e  o ther  f i g u r e s  i n  ~cdumn(3) 

revea l  its source. On t h e  b a s i s  of expected p r i c e  a lone,  w e  would have 

preZicted a decrease of -.0051. However, the  encouraging e f f e c t  of t h e  tax-

induced reduction i n  t h e  fo recas t  e r r o r  variance dominates t h e  outcome. 

This kind of r e s u l t  is  familiar from t h e  l i t e r a t u r e  on t axa t ion  and 

uncer ta in ty  (Tobin E19583). As far a s  w e  know, its relevance t o  the i s sue  

of housing tenure choice has not been establ ished before. 

Column (4)  records t h e  results when t h e  i n t e r e s t  an4 property tax-
deductions a r e  removed and housing c a p i t a l  gains a r e  taxed. On balance,-
t h e r e  is a very small increase  i n  the  proportion of  owner-occupiers. The - .  
variance e f f e c t  so s t rongly  present  i n  column ( 3 )  is  mit igated t o  some ex ten t  

by t h e  expected p r i ce  e f f e c t  of column(2) 

Recently, a number of suggestions have been made t o  change t h e  cur ren t  

income tax i n t o  a " f l a t  tax." Generical ly ,  a f la t  t a x  is an income tax with 

a constant  marginal tax rate and a broadly defined tax base. However, a 

number of qu i t e  d i f f e r e n t  proposals have been labeled a s  f l a t  taxes. I n  
_ _  

p a r t i c u l a r ,  t h e  various proposals have d i f fe red  subs t an t i a l ly  with respec t  

t o  t h e  tw treatment of housing--some would leave it v i r t u a l l y  unchanged, 

w h i l e  o the r s  would el iminate  most of  t h e  current benefi ts .  Clear ly ,  one 

cannot simulate t h e  inipact of "the" f l a t  tax.  We therefore  simulate t h e  

e f f e c t s  on tenure choice of t h r e e  d i f f e r e n t  proposals: 



a )  I n s t i t u t e  a tax with constant marginal r a t e  of  24%, but which allows 

t h e  cur ren t  deduction of i n t e r e s t  payments and property taxes ,  and which 

continues rhe cur ren t  exemption of housing c a p i t a l  gains. The figure of  24% 

i s  based on Slemrod and Yitzhaki’s  C19831 estimate t h a t  it would bes t  

balance eff ic iency c o s t s  with minimal changes i n  the  d i s t r i b u t i o n  of  t a x  

Swdens.  According t o  t h e  r e s u l t s  in  column ( 5 1 ,  t he re  would not be much 

of an impact on the  homeownership r a t i o .  This is due mostly t o  the  fact 

t h a t  the  f l a t  r a t e  of 24% does not d i f f e r  a l l  t h a t  much from t h e  average o f  

h i s t o r i c a l  marginal tax rates. More disaggregated da ta  would allow us t o  

examine how d i f f e r e n t i a l  changes i n  tax r a t e s  within t h e  population might 

a f f e c t  t h e  tenure choice. Unfortunately, such da ta  are not avai lable .  

S)  St ipu la t e  a constant marginal tax r a t e  of 0.24, but  e l iminate  the  

mortgage i n t e r e s t  and property tax deductions. However, c a p i t a l  gains  are 

s t i l l  untaxed. As ind ica ted  i n  column ( 6 ) ,  t h i s  regime induces a s l i g h t  

decrease i n  t h e  incidence of homeownership, most of which is due t o  t h e  

increase i n  t h e  user  cos t  associated with t h e  loss of the  deductions. 

c)  I n s t i t u t e  a constant marginal tax r a t e  of 0.24,  e l iminate  i n t e r e s t  

and property tax deduction, and tax housing c a p i t a l  gains. The r e s u l t s ,  i n  

column ( 7 1 ,  show a s l i g h t  s t imulat ive e f f e c t  on the  homeownership ratio. This 

r e s u l t  is not unexpected given our previous discussion of column (3)--taxing 

c a p i t a l  gains makes housing more expensive, but t h i s  e f f e c t  is  overwhelmed 

by t h e  reduct ion i n  r i s k  associated with t h e  tax’s introduction. 

F ina l ly ,  w e  consider b r i e f l y  the  e f f e c t s  t h a t  indexing t h e  income tax 

might have upon the  homeownership r a t i o .  From t h e  point  of view o f  construct­

ing a counterfactual  t i m e  s e r i e s  on t h e  user  cost  of owning, indexing presents  
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enormous d i f f i c u l t i e s .  What r e a l  r a t e s  would have been b u i l t  in to  t h e  tax 

system? Would deductions and exemptions have been computed in real terms 

zs w e l l ?  If so, what p r i ce  index would have been used? 

I n  the absence of any obvious way t o  answer these  quest ions,  a reasonable  

?rocedure i s  t o  assume t h a t  t h e  u l t imate  e f f e c t  of indexing would simply 

3e somewhat lower marginal tax r a t e s .  I n  column ( 8 1 ,  w e  assume t h a t  under 

indexing, marginal t a x  r a t e s  would have been 10 per  cent smaller i n  each 

year  than t h e  h i s t o r i c a l  values. The r e s u l t s  suggest a very small depress ing  

e f f e c t  on t h e  homeownership ratio--when t h e  marginal t a x  r a t e s  decreases ,  

t h e  t a x  advantageassoc ia ted  with homeownership a r e  worth l e s s ,  so t h e  user 

cos t  increases  

V. 	 Conclusions 

In  t h i s  paper, w e  invest%gate  t h e  e f f ec t s  of p r i ce  uncer ta in ty  on t h e  

tenure  choice decision. Estimates on da ta  from 1956-1979 i n d i c a t e  t h a t -

uncer ta in ty  over t h e  course of r e l a t i v e  p r i ces  has s i g n i f i c a n t l y  depressed 

t h e  aggregate proportion of homeowners. 

Proposals t o  modify t h e  tax treatment of  housing a f f e c t  both t h e  expected 

p r i c e  d i f f e r e n t i a l  between r en t ing  and owning and t h e  difference i n  t h e  ­
foreczs t  e r r o r  variances.  Previous analyses of pol icy changes may be misleading -
because t h e  t w o  e f f ec t s  can work i n  opposite d i rec t ions .  For example, our 

r e s u l t s  suggest t h a t  t axa t ion  of c a p i t a l  gains a t  marginal personal  income 

t a x  r a t e s  would have increased the  homeownership r a t e ,  desp i t e  t h e  increased 
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expected c o s t  o f  owning. The reduct ion i n  p r i ce  variance is  s u f f i c i e n t l y  

a t t r a c t i v e  t o  dominate t h e  outcome. Other r e s u l t s  i nd ica t e  t h a t  e l imina t ing  

property tzx acd i n t e r e s t  payment deductions would have reduced t h e  homeownershi? 

r a t e ,  but t h a t  t h e  combination of no deductions with c z p i t a l  gains  t axa t ion  

would have r e su l t ed  i n  a s l i g h t l y  h igher  proportion of homeowners. 

These r e s u l t s  provide some explanation fo r  t h e  puzzling behavior of  t h e  

homeownersbip r a t i o  i n  t h e  l a t e  1970’s. In t h a t  period ex post cos t s  of-
honeowning f e l l  g l e a t l y  r e l a t i v e  t o  r en t ing .  Despite t h i s ,  t h e  aggregate 

proport ion of homeowners changed l i t t l e .  Our evidence suggests t h a t  t h i s  

was l a r g e l y  due t o  t h e  errat ic  na ture  of housing cos t s  which made ownership 

commitments una t t r ac t ive .  

The ch ie f  l i m i t a t i o n  o f  t h i s  ana lys i s  is  its omission of t h e  r e l a t i o n s h i p  

between housing and o ther  f inanc ia l  dec is ions .  From a t h e o r e t i c a l  po in t  of 

view, one cxpects  t h a t  t h e  housing dec is ion  w i l l  be pa r t  of a broader p o r t f o l i o  

a l l o c a t i o n  problem. As an empirical  i s s u e ,  t he  relevance of t h i s  cons idera t ion  

is n o t  clear -- i n  1972 ,  80%o f  those under the  age of  56 held less than $5000 

i n  f i n a n c i d  assets. (Feldstein and Feenberg C19831). Nevertheless,  t h i s  

is a topic wor thy  of  further inves t iga t ion .  
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Appendix A 

I 

This appendix d e t a i l s  t he  ca lcu la t ions  of t h e  forecas t  e r r o r  var iance of 

a pro jec t ion  based on t h e  simple average of t h e  first f i v e  f u t u r e  observat ions.  

We ca2 wr i t e  t h e  process f o r  generat ing p r i ces  a s :  

where 4 i s  assumed t o  be known. 

Using the  l a g  opera tor ,  ( A . 1 )  implies:  

Expanding ( A . 2 )  y ie lds  an expression f o r  
't+j as a weighted average.of 

pas t  shocks : 

where 

c (k )  Z 1 + 6 + 6 2+...+ (bk 

AThe expected p r i c e ,  P t + j 9  a t  time t is calculated by tak ing  the  
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expectat ion of ( A . 4 )  conditional on information known a t  time t (which 

excludes ut : 

OD 

' t t j  = I: c(k1 u ~ ~ ~ - ~ 
k = j+1 

, Thus, t h e  fo recas t  e r r o r  is: 

L e t  w O y  wl, w 2 ,  w39 w4 be weights. Then the  5 period weighted average 

forecast  error is : 

4-
e :  	 I: w e  

i=O i tti 

4 

Collect ing c o e f f i c i e n t s  on t h e  shocks': 

- 4 3 2 
e = u C w.c(i1 t uttl C w it1c(i1 + utt2 I: wit2c(i) 

I 	 i=o 1 i=O i=O 

1 

Clearly E(;) = 0 . Thus Var(e> = E(;*). Since the  u ' s  are independently, 

ideEcical ly ,  d i s t r i b u t e d ,  a l l  covariance terms disappear and the  r e s u l t  is: 

where : 
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In the case referred t o  i n  t h e  tex t ,  wi = 1/5 f o r  a l l  i . 




32. 


Appendix B 

This appendix descr ibes  t h e  methodology used t o  cons t ruc t  our data series. 

The source of our  raw d a t a  is a l s o  documented. HS refers t o  Historical 

S t a t i s t i c s  o f  t h e  United S ta tes :  Colonial  T i m e s  t o  1970 (1975) and SA refers 

t o  var ious  e d i t i o n s  of S t a t i s t i c a l  Abstract  of t h e  United S ta tes .  

1. 	 Troport'ion of owner-occupied dwell ings,  adjusted for  demogra?hic 

composition: ' 

Three d i f f e r e n t  sources  of  da ta  were u t i l i z e d .  From 1945 t o  1959 t h e  

i t e r a t i v e  perpe tua l  inventory method described i n  Rosen and Rosen (1980) 

was used. From 1960 t o  1973 da ta  on t h e  proportion of owner-occupied housing 

s tarzs  wene taken from Housing Vacancy Survey, U . S .  Bureau of t h e  Census, 

Publ icat ion #111. From 1974 t o  1980, t h e  owner-occupancy da ta  were taken .. 

from the  Annual Housing Survey, U.S. Bureau of t h e  Census and Department of 

Housing asld Urban Development. The okner-occupied rates were then adjusted 

for changing demographic composition of t h e  population following Jaffee and 

Rosen (1979). 

2. 	 Price of  owner-occupied housing : Pt 

As noted i n  t h e  tex t ,  t h e  p r i c e  o f  owner-occupied housing is: 

where rt5\is  t h e  AAA bond rate,  Vt i s  t h e  market value of a house, Tt 

i s  t h e  property tax per  s ing le  family housing u n i t ,  Dt i s  deprec ia t ion ,  

Mt is maintenance, Vt is t h e  expected c a p i t a l  ga in ,  Tt is t h e  marginal 

t a x  r a t e  f o r  t h e  household with average taxable  income, Yt 
is t h e  

share of owner's equi ty  i n  t h e  house , ,and  PLt is t h e  impl ic i t  p r i c e  d e f l a t o r  

f o r  t o t a l  consumption expenditures.
-$:It was assuied rct -- - rt ' 
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The AAA bond r a t e  s e r i e s  was taken f r o m  HS and SA. Following ac tua l  

=.ea1 e s t a t e  practice, depreciat ion and maintenance were each set a t  1 percent 

of t h e  house 's  value.  The tax  r a t e  
Tt was taken from Jo ines ,  61981, p. 2101. 

.:.fter 1975, t h e  1975 tax r a t e  of .1479 was used. . 
The market .value of  owner-occupied housing, Vt , was derived by first  

sp l i c ing  two housing p r i c e  s e r i e s  and using the  r e s u l t s  t o  compute annual 

r a t e s  of change of house p r i ces ,  g t  ' The values of gt were then appl ied 

t o  census-year numbers on the  median value of owner-occupied u n i t s  i n  order  

t o  der ive  an annual s e r i e s  comparable with the  census-year numbers. In  an 

i t e r a t i v e  process,  t h e  values  of gt were changed proport ionately u n t i l  t h e  

values  of t he  'constructed pr ice  s e r i e s  f o r  census years  exac t ly  matched those  

t h e  census. Median values  of owner-occupied u n i t s  i n  census years were 

lound i n  HS. For 1944 t o  1966, gt was computed using MA s a l e s  p r i ce  d a t a  

as reported i n  var ious  ed i t i ons  of  the FHA Yearbook. For 1967 t o  1980, gt 

xas calculated from var ious  ed i t i ons  of Exis t ing Home Sales ,  a publ icat ion of 

the  National Association of Realtors c39801. 

The property t a x  pe r  owner-occupied un i t  was ca lcu la ted  by dividing t h e  

r e s i d e n t i a l  por t ion  of a l l  f ede ra l ,  s t a t e ,  and l o c a l  property taxes  by t h e  

number of owner-occupied u n i t s :  

xhere PTTt is  t o t a l  property tax revenue, KRt i s  n e t  p r i v a t e  r e s i d e n t i a l  

capit.al stock a t  cur ren t  cos t ,  KNt is ne t  p r iva t e  nonres ident ia l  c a p i t a l  s tock  

a t  cur ren t  cos t ,  and OSt is the  number of owner-occupied un i t s .  For years 

p i o r  t o  1971, t h e s e  s e r i e s  were taken from HS; f o r  1971 t o  1980, they 

xe?e from SA. 
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3 .  P r i c e  of r e n t a l  housing: Qt 

An annual r a t e  o f  change of t h e  r e n t a l  price of  housing w a s  computed using 

t h e  r e n t a l  component of t h e  CPI (HS p r i o r  t o  1971, SA f o r  1971 t o  1980). 

This r a t e  of change series was then appl ied t o  census-year numbers on t h e  

median r e n t  of renter-occupied u n i t s  i n  order  t o  der ive  an annual series 

compazable with t h e  census-year numbers. In  an i t e r a t i v e  process,  t h e  annual 

changes i n  r e n t a l  p r i ces  were adjus ted  u n t i l  they exact ly  r ep l i ca t ed  t h e  

census-year numbers. 

4. Real consumption : Ct 
Real p e r  c a p i t a l  consumption expenditures were taken f r o m  t h e  Economic 

Report of t h e  President  (1982 1. 

5 .  X e d  growth i n  depos i t s  a t  savings and loan assoc ia t ions  and mutual 

savings banks: CREDt . 
The savings da ta  were from HS f o r  t h e  1949 t o  1970 and from SA fo r -1971  

to 1980. 

6. Q u a l i t y  adjustment f o r  r e n t a l  and owner-occupied housing. 

A 3  annual t i n e  series on t h e  number of rooms i n  r e n t e r  and owner-occupied 

housing was developed from census da t a  p r i o r , t o  1973, and f r o m  t he  Annual 

Housing Survey s ince  1973. The p r i c e  var iab les  f o r  r e n t e r  and owner-occupied 

housing were then reca lcu la ted  on a p e r  room basis .  
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