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ABSTRACT

This report analyzes the housing consumption of households participating
in the Housing Allowance Demand Experiment that received Percent of Rent
housing allowances. Analyses of both housing expenditures and housing
services (a measure of real housing} are carried out using a variety of
approaches, Also examined are household response over time and the

possibirlity of bias due to sample selection.
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SUMMARY

This report is one of a series of technical reports on the final results of
housing programs tested in the Housing Allowance Demand Experiment. The
Demand Experiment, autherized by Congress in the Housing Act of 1970, was
designed to test the concept of direct cash assistance to low-income house-
helds enabling them to rent suitable housing. The experiment focused on
the ways low-income renter households use housing allowances. It tested a
variety of allewance plans invelving approximately 1,200 low-income Experi-
mental households and 500 Control low-income households at two sites:
Allegheny County, Pennsylvania (Pittsburgh) and Maricopa County, Arizona
{Phoenix), during 1973-1977. Each household enrolled in the experiment was
offered monthly allowance payments for three years. BRnalysis is based on

data from the first two years of payments.

The subject of this report is Percent of Rent housing allowances, cone of the
major types of housing allowance payvment formulas tested in the Demand Experi-
ment, The Percent of Rent plans offered eligible households rebates egual

to some fraction of their gross monthly rent. Within the Demand Experiment,
households were divided ainto five groups, receiving rebates of 20, 30, 40,

50, or 60 percent of their monthly rent. Thus, for example, a household
receiving a 50 percent rebate would be given $30 if its rent were $100 and
$100 1f 1ts rent were $200. Such a household could move into a unit twice as
expensive without changing its original out-of-pocket housing expenditures.

Alternatively, it could retain its origainal housing at half the original cost.

A Percent of Rent rebate reduces the effective price of housing for reciprents,
thereby creating a distinct incentive for recipients to improve their housing
by, 1n effect, making housing a "bargain" relative to other goods and services.
A household receiving a 50 percent rebate, for example, has i1ts rent cut in
half whether 1t stays where it 1s or moves to other housing. Price cuts, in
the case of most goods, normally lead to increased purchases. When the price
cut is i1n the form of a rent rebate, demand and expenditures for housing are

expected to increase-—and housing conditions to improve commensurately.

There are obvious potentzal advantages to this kind of housing allowance pay-—

ment. Tt automatically ties allowance payments to a household's own contri-
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bution toward meeting zts housing needs and does so in an administratively

simple way. It allows each household a wide range of choice by not requiring
households to choose housing of a particular type or in a particular location.
It automatically adjusts payments to take account of local heousing costs. On
the other hand, households may or may not use their rebate to improve theair
housing., Even 1f they do spend the rebate on housing, they may or may not
cbtain decent housing that meets public policy objectives unless specific
housing standards are imposed and enforced. The rebate may lead households
tc shop less carefully for housing, resulting in their payment of more than
they otherwise would for the housing they obtain. The effectiveness, effi-
ciency, and equity of such rebate programs depend on exactly how households

respond to the rebates,

The percentage rebates offered 1n the experiment depended only on the experi-
mental plan to whach they household was assigned, Since higher income house-—
holds tend to have higher rental expenditures than do lower income households,
this means that they also tended to receive larger allowance payments. 2an
actunal program would probably vary the percentage rebate with income or rent
so that higher ipcome households would not tend to recerve higher payments,
The effects of such program variations can be estimated from the responses to

the experamental plans.

Income transfers through general assistance, soecial security, or other
transfer programs, would provide an alternative to assistance specafically
tied to housing. Such general transfers offer households a wider range of
choice in spending the additional transfer income. Further, they may be
administratively easier to operate and to coordinate with other assistance
prograng. Their relative effectiveness, efficiency, and equity in termms

of housing again depends on the way in which households change their housing
in response to changes in household income. Thus the same guestions arise
in evaluating the housing impact of both rent rebate and income transfer

programs.

Estimates of housing responses to income transfers are obtained from two
sources. Firgt, since income transfers essentially increase recipient
incomes, their impact on housing can be estamated by analyzing the way in
which low-income households® housing normally varies waith household income.

Second, the Demand Experiment included a small sample of households that



received an umconstrained income transfer. These households, called Uncon-
strained households, provide direct cbservation of the effect of income

transfers on the housing of recipients.

The analysis described in this report first estimates an expenditure function
that shows how households change their housing expenditures in response to
the housing price reductions created by the Percent of Rent rebates and how
changes in nonexperimental variables, particularly income, affect housing
expenditures. It then examines the extent to which changes in housing
expenditures due to rent rebates or other factors are likely to be trans-
lated into improved housing. It thus provides the basic tecols fox design-

ing and evaluating alternate rent rebate and income transfer programs.
The following major ceonclusions emerged from the analysis:

1. Relative to Control households, experimental households receiving Pexrcent
of Rent rebates increased their housing expenditures by a small but sta-

tistically significant percentage.

The overall increase in expenditures for Percent of Rent households
at both sites was 26 percent, compared to 18 percent for Control
households. The experience of Control households provides a bench-
mark estimate of normal behavior-~how Percent of Rent households
would have changed their housing expenditures in the absence of the
rent rebate. Thus, it appears that the net effect of the price
reduction was to induce only an 8 percentage point increase in
housing expenditures above normal levels. This finding is confirmed
by an estimated expenditure function (wvhich takes into account non-~
experimental differences between Percent of Rent and Control house—

holds}.

-

2. 2z might be expected, households respond to Percent of Rent rebates only

when they move. Thus the full effect of a rent rebate will develop

gradually as recipients move.

Households that moved during the experaiment had much larger normal
rent increases than thoge that dad not. Control hoﬁseholds that
roved increased their housing expenditures by 29 percent in Pittsburch
and 30 percent in Phoenix as compared with increases for nonmover

Control households of 13 percent and 7 percent respectively. Percent




of Rent households that moved increased their housing expenditures

16 percentage points more than Control movers in Pittsburgh and 8
percentage points more i1n Phoenix. Percent of Rent households that
did not move increased their expenditures by only 2 percentage
points more than Control nonmovers in Pittsburch and by the same

percent as Control nonmovers in Phoenix.

The estimated relation between the housing expenditures of low-income
households and changes in heusing prices and income is the same at both
sites. These estimates i1ndicate only small changes in housing expenditures
in response to changes 1n price or incoms. A 10 percent reduction in the
price of housing resulted in only a 2.2 percent ancrease in housing expend-
1tures; & 10 percent increase in houschold's average i1ncome resulted in

only a 3.6 percent increase in housing expenditures,

Estimates for the two sites gave almost identical results in terms

of the change in housing expenditures with resgspect to changes in .

the price of housing or household income, The estimated response

to price changes are lower than estaimates from most preﬁlous studies,
which are bhased on much less reliable price data than that provided
by the Demand Experament. The estimated responses to income changes
are based on cross-sectional estimates usang three-vear average

annual household income and are also scomewhat lower than most previocus
studies. These estimates were confirmed by analysis of the small
sample of Unconstrained households which received an income transfer

payment,

The estimated response of housing expenditures to changes in housing
prices are lower than most estimates based on nonexperimental data. The
estimated response to changes in income is also in the lower range of

estimates based on nonexperimental data, though not markedly so.

Estimates of the increase i1n gross houging expenditures to a 10 pexr-
cent rent rebate based on nonexperimental data have ranged from 1
percent to 1% percent, with most studies giving values of around 7
percent. In contrast, the estimates in this report indicate an in-
crease in gross housing expenditures of 2.2 percent., WNonexperimental
estimates are hampered by prcblems 1n estimating dfferences in hous-

ing prieces which may seriously bras those results, however, On the
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other hand, the experimental data are subject to several reservations;
they are limited to low-income households, which may have lower re-
sponses than higher income households:; the duration of the experiment
may have limited households' understanding or willingness to change
their housing: and it 1s possible to propose models under which longer
run responses would be larger than those observed at the end of two
years, even for households that move., No evidence was found to support
any of these altermatives, though the tests available are not always

conclusive,

Estimates of responses to a 10 percent increase in household income
based on nonexperimental household data have generally ranged from a

1 percent to & percent increase in housing expenditures. The esti-
mate from the Demand Experiment 1s 3.6 percent, which is close to,

but somewhat lower than the mid-point of the nonexperimental esti-
mates. This 1s not unexpected, since the Demand Experiment estimate

is itself based on analysis of nonexperimental variations 1in income,
though 1t 1s also consistent with responses to the experimentally
induced changes in income provided by the Unconstrained plan, as well
as estimated housing expenditure responses in the Seattle-Benver Incoms

Marntenance Experiments,

Most of the allowance payment under a rent rebate program will not be used
for increased housing expenditures. Even less of an rincome transfer pay—
ment will be used o i1ncrease housing expenditures. Given the very hidh
rent burdens of recipients, some allocation of payments t¢ nonhousing ex-

penditures may be desirable even from a housing perspective,

Whaile the proportion of a rent rebate allowance payment used for
increased housing expenditures tends to increase with the rebate
level, the estimated responses to changes in housing prices indicate
that even a rebate of 90 percent of rent would result in increased
housing expenditures amounting to less than half the total payment,

A 40 percent rebate program would lead to increased housing expendi-
tures of about 27 percent of the allowance payments. The estimated
effect of increased income transfers on housing expenditures is even
smaller. The income transfer payment necessary to achieve the same
change in housing expenditures as a rent rebate of 40 percent would be

from twe to four times as large as the rent rebate payment.
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6.

7’

At enrollment, half of the Percent of Rent households at each

site had rent burdens in excess of 32 percent of income and

alnost a third had rent burdens greater than 40 percent of

income. After two years, the median rent burden for Percent of

Rent households net of the allowance payment was 21 percent of

income in Pittsburgh and 24 percent of income in Phoenix, The
estimated expenditure functions suggest that reduction in rent burden
under a rent rebate will be somewhat larger at higher rebate levels
and for households with higher pre-rebate rent burdens. Households
with a 40 percent of income rent burden would con average be expected
to reduce their rent burdens to 27 percent of income under a 40

percent rebate and to 20 percent of income under & 60 percent rebate.

Minority households (black in Pittsburgh but predominantly Spanish Amer-
i1can 1n Phoemx) made smaller changes in housing expenditures in response
to changes in the price of housing or income than did nonminority house-—
holds. There is no consistent evidence of important differences 1n res-—

ponse among other demographic groups.

The percentage change in housing expenditures resulting from a
given percentage change in household income 1s estimated to be about
half as large for minority households as for nomminority households,
The percentage change in response Lo rent rebates is estimated to be
about three-fourths that of nonminoraity households, Altheough small
samples of movers preclude exact estimation for subpopulations of
minority households, it appears that Spanish American households zn
Phoenix may show even smaller responses than black households in
Phoemix or Pittsburgh. The lower response of minority households

rs associated with a lower initial rent in Phoenix, though not in

Pittsburgh.

A variety of other demographic factors were tested, including age,
sex, and educat:ion of head of household, household size, and house-
hold compositicn. Of these only househeld composition proved sig-
nificant when the sites were analyzed separately, and even this

variable was not sigmificant for estimates based on the combined sites.

The changes in real housing made in response to the rent rebates were

smaller than the expenditure changes. It appears that from one-fifth to
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one-half or more of the expenditure changes induced by the rent rebates
represented increasing spending without concommitant increases in housing

services cbtained.

Hedonic indices, based on statistical relationships between the hous-
ing characteristics of a umt and its rent, were used to compare the
average market rent of units with the rents paid by Percent of Rent
households. Results differed among demographic groups and between
sites. Allowing for the fact that hedonie indices do not fully
reflect all real changes in housing, it still appears that about one-
fifth of the increased housing expenditure by nomminority Percent of
Rent households in Pittsburgh went for increased spending above the
amounts usually needed to purchase the level of housing services

that they actually obtained., The comparable figure i1in Phoenix is
cne-half, Small sample sizes make investigation of minority response
more tentative. It appears, however, that minorities in Phoenix, and
especzally Spanish American households, may have had iittle or no
real change in their housing and little or no change in their housing
expenditures. ©Once again, the smaller response for minority house~

helds 1s asscocirated with a much lower znitial gualaty in Pheenix.




SQURCES OF STATEMENTS

1.

Tshbulation of expenditure changes are given in Table 2-1. Price elastici-

ties estimated based on all Percent of Rent households are given in Table
4-1,
Tabulation of expenditure changes are given in Takle 2-5,

Comparison of estimates for the two sites 1s based on households that
moved as shown in Tables 4-2 and 4-3, The results of previcus studies
and the praice data used in them are discussed in Section 3.3. Estimates

for Unconstrained households are shown in Table 4-6.

2 summary of recent evadence on houschold response to changes in price
and income 15 presented in Section 3.3. The possibility that higher
income households have higher responses 1s examined in the discussion of

Tables 4-4 and 4-5., The limited duration of the experiment 1g discussed

an Section 6.1.

Allocation of the Percent of Rent rebates and income transfers to increased
housing expenditures 1s discussed in Section 2,2, Rent burden figures

at enrollment and two years are given in Appendix Table X-4.

Estimated exXpenditure functaons for different demographic groups are
discussed ain Section 4.3. The compariscon of minority and nomminority

households 15 based on Table 4-10.

The comparison of expenditure changes and real changes in housing is
discussed throughout Chapter 5. See especially Table 5-7 and the

discussion in the text.



CHAPTER 1
INTRODUCTION

This 1s one of a series of final technical reports on the Housing Allowance
Demand Experiment. The Demand Experiment was designed to provide informa-—
ticn on how low-income households use housing allowance payments. The
experiment offered monthly allowance payments to approxamately 1,200 low—
rncome households selected at random in each of two sites: Pittsburch
(Allegheny County), Pennsylvania and Phoenix (Maricopa County)., Arizona.
Several different allowance plans were tested involving different payment
formulas and housing reqguirements. In addition, a control group of approx-
1mately 500 low-income households was‘enrolled at each site. Housecholds
remained in the experiment and received payments for three years after they
enrclled. The calendar perrod covered by the experiment was roughly fxom

late 1973 to early 1977. Ewvaluaticon is based on household responses in the

first two years after enrclliment.

There were four basic treatment plans under which households were enrolled:

1
Housing Gap, Unconstrained, Percent of Rent, and Control. Households in

Housing Gap plans were offered payments designed to bridge the gap between
the cost of modest, existing standard housing and a reasonable fraction of
household income. The Housing Gap allowance payment was linked to partici-

pants' housing by housing requirements--households received an allowance only

1f they occupred a unit meeting the program's housing standards.2 The Uncon-

strained plan offered households a payment bhased on the game formula as 1in

the Housing Gap plan but without a housing requirement. This plan resembled

general income support programs, except that the payment amount was determained

by need for housing rather than for all household expenses.

Percent of Rent plang offered households a rent rebate in the form of a cash
payment equal to a fixed fractaon of their monthly rent., Households in
pPercent of Rent plans had no housing requirements to meet. Their payment

was tied directly to the amount spent for housing. Finally, the group of

1
See Appendix I for a detarled discussion of the design.

2 .
The housing response of these households 1ls discussed in Friedman and
Weinherg (1379).



Control households did not receive any housing allowance payment beyond a $10
monthly cooperation payment for providing the same information as Experimental
households. They provided a comparison group against which to estimate the

effect of different allowance plans.

This report focuses mainly on the housing consumption of households in the
Percent of Rent housing allowance plans. The Percent of Rent plans reduce
the price of housing to participants because the govermment shares in the
cost of whatever housing the participant selects. A household with a 50
percent rebate, for example, only has to spend $75 of its own money to rent

a $150 unit; 1ts price of housing has been halved. Thus analyzing responses
to the Percent of Rent rebates i1s in effect analyzing the way 1n which house-

holds respond to changes in the price of housing.

Previous analyses of household responses to variatlons in the price of hous-
1ng have been based on comparisons of housing expendirtures across clties or
vears with different estimated overall housing costs. The Percent of Rent
plans tested in the Demand Experiment provide the firrst direct observations
of household responses to a well-defined change in the price of housing rela-
tive to other goods and services. Simlarly, the Unconstrained plan and the
naturally occurring variation in household income and rent can be used to

analyze households' housing response to changes in income.

The Percent of Rent plans in pariticular are not intended as prototype programs.
Rather, they, together with Unconstrained and Control households, are intended
to allow estimation of a general relation between housing consumption and the
price of housing, household income, and other demographic characteristics.

This general relation--called z demand function--can then be used to estimate
the effects on housing of a variety of housing assistance and income mwainten-

ance programs,

1In order to facilitate analysis, the rent rebates tested in the Demand
Experiment offered a constant percentage rebate to eligirble households, regard-
less of the household's actual rent or income. A realistrc program probably
would offer smaller rebates to haigher income households and restrict the range
of housing expenditures to which the rebate applied.

21n addition, economic theory links the demand function to a wide var-
1ety of househeld behavior. BAlthough these theoretical links apply only to
individual households, the average behavior represented by an estimated dermand
function can provide important insights into the overall behavior of eligible
households.



Housing demand functions are estimated in this report both in terms of hous-
ing expenditures and in terms of an estimated hedonic index of housing serv-
1ces. The analysis of expenditures as a function of the price of housing
and household income provides estimates of the extent to which payments
under a Percent of Rent housing allowance or an income maintenance program
w1ll be translated into increased spending for housing. This is of interest
in i1tself and because differences in housing expenditures are expected to

reflect real differences in recipient housing as well.

However, changes in housing expenditures may not always lead to real changes
in housing. Most obviously, general inflation implies higher dollar expendi-
tures without any change in the housing services provided by a dwelling unzit.
The changes in expenditure estimated here account for inflation, so that

this poses no problem. Even aparé from inflation, c¢hanges in expenditure

may still not be reflected in real changes in participant housing. If allow-
ance reciplents are unable to act effectavely in the private market or if
they shop less carefully, then they might end up spending more for the same
houging than they otherwise would. Hedonic indices address this prceblem by
Providing estimates of the normal market value of a unit 1in terms of its
rhysical characteristics. Comparison of the hedonic value of a unit with the
actual rent charged can be used to sort out the extent to which households are
paying above— or below—average rents and thus provides estimates of the real

c¢hange in participant housing.l

The mechanism that households use in changing theirxy housing consumption is
alsec of interest. As would be expectad, renter heouseholds usually make large
changes in theilr housing only when they move. Accordingly, the full impact
of changes 1n the price of housing may only be realized gradually, as house-
holds move. Alternatively, households may, even when they move, only adjust
theirr housing 1n stages. The analysis below investigates the dynamics of
housing demand and examines the possibility of gradual adjustment to changed
circumstances. Dynamic models also suggest that the limited duraticn of the
experiment {three years) may play 2 role in affecting the adjustment process,

and this possibility 1s exawined as well.

Changes in other measures, such as physical housing standards, are
presented as well,




Chapters 2 through 4 of this report focus on expenditure changes in response
to rent rebates. Chapter 2 presents a basic tabular analysis of changes in
expendiLtures and rent burden {the proportion of income devoted to rent),
illustratang the important role residential mcbility plays in those changes.
It then provides a brief summary of the results of estimating demand func-
ticns and applies the demand function parameters to the estimation of impact

of exasting and potential gyovernment programs.

Chapter 3 develops the theoretical issues involved in estimating housing
demand functions, presents the two functional forms employed in this report,
and discusses the results of other recent attempts to estimate housing demand
functions. Chapter 4 then presents the estimated demand functions in terms
of housing expenditures based on data from the Demand Experiment and taking
into account both the price drscount offered to Percent of Rent households
and the income transfer offered to Unconstrained households. The estimates
are contrasted with those from previous studres of housing demand. Movers
are selected for primary analysis and the 1nfluence of various demographic
characteristics (1n particular minority status and houschold composition) on

housing expendrtures i1s examined for this group.

Chapter S shifts the focus from housing expenditures to housing services and
examrnes househcld response to the housing allowance payment in terms of beoth
changes in the specific physical characteristics of the d&elling unit and in
the estimated average market value of the wunit (the hedomic index of housing
sexrvices), The chapter compares household response as measured alternatively
by expenditures and housing servaces. This comparison enzbles determination
of the extent to which households overxpay for their unit relative to the

market average price.

Finally, Chapter & discusses several technical problems ainvolved in using
experimental data toO specify and estimate response functions, The first
problem examined ia the role of housing market dynamics and its interaction
with the limited duration of the experiment in affecting household adjustment
to the rent rebate., Second 1s the problem of selection bias on the elasticity
estimates (due to differentral acceptance, attrition, or mobility). The final
problem examined is the extent to which households d1d not understand the

program and hence did not respond to the Percent of Rent rebates.
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CHAPTER 2

SUMMARY OF EXPENDITURES CHAENGES

This chapter provides a brief summary of the effects of Percent of Rent allow-
ances on housing expenditures. The chapter starts with a tabular overview of
changes in housing expenditures and rent burden for Percent of Rent households.
These are compared with changes for Control households. Similar comparisons
are presented for Unconstrained households, which received a direct income—

conditioned payment, unconnected with their housing expenditures,

Tabular analysis, however, does not control sufficiently for other infiluences
on household behavior, BSection 2,2 therefore presents the estimated demand
function for housing as developed in Chapters 3 and 4. This function, based
on the responses of Percent of Rent anld Control households, zrelates housing
expenditures to household income and the price of housing. It can be used to
estimate housing expenditure responses to a wide variety of rent rebate and

income-trans fer programs, as indicated in Section 2.3.1

2.1 TABULAR OVERVIEW OF EXPENDITURE CHANGES

Rent rebates provide an incentive to increase rental expenditures by reducing
the effective price of housing to recipirents. A household with a 50 percent
rebate, for example, would have to spend only $75 omb—of-pocket to yet hous-
ing that rents in the market for $1506. From the peint of view of the tenant,
this rebate is equivalent to a halving of the price of housing. In general,
for a household with a percentage rebate of "a", the price per unit of hous-
i1ng drops from Py to (1—a)pH. Thus, recipient households are expected to in-
crease housing expenditures relative to Control households during the experi-
ment, Ag shown in Table 2-1, the average increase in rental expenditures for
recipients was higher than that for Control households at both sites. Perxcent
of Rent households increased their housing expenditures by an average of 26
percent in each site, while Control households had a smaller increase--

18 percent. 2

1 . ‘e .
Appendix VII presents a further application of the demand function
results to a mioroeconomic theory of residential mobility.

2More detarled tabulations of rent changes are presented for each per-

centage rebate plan in Appendix Table X-1. The i1ncrease 1n rent is generally
larger for households with larger percentage rebates. The percentage changes
reported in the text are the mean of the ratio of the change in rent to the
rent at enrollment. The appendix tables also report the ratio of the mean
change in rent to the mean rent at enrolliment.
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Tabhle 2-1

MEAN MONTHLY HOUSING EXPENDITURES AT ENROLLMENT

AND AT TWO YEARS AFTER ENROLLMENT

MEAN HOUSING

MEAN CHANGE IN

EXPENDITURES HOUSING EXPENDITURES
At At Two SAMPLE
TREATMENT GROUP Enrolliment Years Amount Percentage SIZE
PITTSBURGH
Percent of Rent
households $114 $139 $25 26% (385)
Control households 115 133 18 18 (289)
PHOENIX
Percent of Rent
households 132 162 30 26 {2580)
Control households 128 145 17 18 {252)

SAMPLE: Percent of Rent and Control households active at twe years
after enrolilment, excluding those with enrollment incomes over the eligi-
bility limits and those living in their own homes or in subsidized housing.
Initial and monthly Household Report Forms.

a. Percentage change is defined as the mean of the ratio of the
change in rent to the rent at enrollment.

DATA SOURCES:



These figures suggest that the rent rebate did indeed induce Percent of Rent
households to increase their housing expenditures and that households were
sensitive to the price of housing. A straightforward, but crude way of
measuring the expenditure response induced by the allowances 1s the amount
by which recapient households' rent increases exceed that of Control house-
holds. Table 2-1 indicates that the experimentally induced change in hous-
ing expenditure, net of the "neormal" increases represented by Control
households, averaged 8 percentage points i1n each site. The average price
reduction attributable to the rent rebate was approximately 40 percent.
Congequently, a rough estimate of the price elasticity of housing expenda-
tures {the percentage change in expendiatures for a 1 percent change in
price)} 1s the ratio of these two numbers or -0.20 (that i1s, for every 10

percent decrease in price, housing expenditures increased by about 2 percent}.

Table 2-2 presents samilar fiqures for Unconstrained households. For the

two sites combined, the mean percentage change in housing expenditures for
Unconstrained households was almost the same as for pPercent of Rent house-
holds--27 percent (22 percent an Pittsburgh and 35 percent in Phoenax}. Thus,
the net increase in expenditures above normal was about 9 percentage points.

The payment averaged about 30 percent of income, implying an income elastic-

Table 2-2

MEAN MONTHLY HQUSING EXPENDITURES AT ENROLLMENT
AND AT TWO YEARS AFTER ENRCLLMENT FOR UNCONSTRAINED HOUSEHOLDS

MEAN HOUSING MEAN CHANGE IN
EXPENDITURES HOUSING EXPENDITURES
At At Two a SAMPLE
SITE Enrcllment Years Amount Percentage 5148
Pittsburgh $107 $128 $21 22% (59)
Phoenix 135 165 30 35 (37)

SAMPLE: Unconstrained households actaive at twe years after enroll-
ment, excluding those with enrolliment incomes over the eligibilaity limzits
and those livang in their own homes or in subsidized housing.

DATA SOURCES: Inatial and menthly Household Report Forms.

a&. Percentage change i1s defined as the mean of the ratic of the
change in rent to the rent at enrollment.
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ity (the percentage change 1n expenditures due to a 1 percent change in

income) of approximately 0.30.

The overall allocaticn of the Percent of Rent allowance payments belween
increased housing expenditures and increased spending for other goods and
services can be estimated roughly by dividing the average net increase for
Percent of Rent households (the difference between expenditure changes for
Percent of Rent and Control households, as shown in Table 2-1) by the
average allowance payment. Overall, only a small fraction of the total

i
allowance payments went to increased rent (see Table 2-3).

These figures may be compared with changes for Unconstrained households.
Economic theory asserts that the "price incentive" for increased spending
on housing that 1s created by the rent rebates will be larger than the
"income 1ncént1ve" created by an E&ual cash grant unrelated to housing
expenditures. The former is, in effect, a "matching grant" which rewards a
househecld increasaingly for i1ts own expenditures, whereas the latter is, in
effect, a "lump sum" transfer without particular incentives for increased
housing expenditures. Thus, households are expected to spend more on hous-
ing of each dollar of a rent rebate than they would each dollar of a direct,
unrestricted cash grant. This 1s confirmed by Table 2-3. Though the per-
centage 1ncreases 1n expenditures for Unconstrained households in the sites
combined was almost the same as for Percent of Rent households, the average
allowance payment for Unconstrained households was much larger, so that the
increase as a percentage of the payment was smaller. This suggests that,

as expected, rent rebates are more effective than unconstrained income

transfers in channeling money into housing.

The part of the payment not spent on increased housing expenditure was
available for nonhousing goods and gervices. One measure cof this diversion
1s the change an "rent hurden," the proportion of income spent on housing.
Low-income households that spend more than 25 percent of their income on
hougsing are often considered to be depr1ved.2 These households are thought
to have too little residual income available to spend on nonhousing goods
and services in oxder to achieve a modest standard of livaing. BAbsent the

receipt of a housing allowance, rent burden is simply the ratio R/Y, where

lThe figures in the table are adjusted for normal changes in rent
as measured by the mean change for Control households.

2
Lane (1977) has discussed the origin and essential arbitrariness
of this 25 percent "rule of thurbh" for deprivation.
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Table 2-3

PROPORTION OF ALLOWANCE PAYMENT
ALLOCATED TO INCREASED RENTAL EXPENDITURES

MEAN CHANGE PROPORTTION USED
IN RENT a MEAN FOR INCREASED SAMPLE
TREATMENT GROUP ABOVE NORMAL PAYMENT EXPENDITURES 5IZE
PITTSBURGH
Percent of Rent
households 57 $49 l4s {385)
Unconstrained
households 3 55 5 {59)
PHOENIX
Percent of Rent
households 13 59 22 {289)
Unconstrained
households 13 108 12 (37}

SAMPTLE: Percent of Rent and Unconstrained households active at two
years after enrollment, excluding those with enrollment incomes over the
eligibilrty iimrts and those living in their own homes or in subsidized
housing.

DATA SOURCES: Initial and monthly Household Report Forms, and
payments file.

a. This 1s computed as the mean change for Experimental housecholds
minus the mean change for Control households.

b. This 1s computed as the mean change above normal divided by the
mean payment. It 1s intended to represent a pregram average rather than a
household average.
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1
R 1s monthly housing expenditures and ¥ 1is monthly income.  With the rent

rebate, the out-of-pocket rent payments of recipients are reduced by the
amount of the rebate. The rent burden is then defined as (1-a}R/Y, where

"a' 15 the percentage rebate,

Most households in the Demand Experaiment had rent burdens well above what
has often been considered the normative target (25 percent}. At enrollment,
the median rent burden for Percent of Rent heouseholds was 32 percent.2
Recipients of the rent rebates reduced their rent burden significantly over .
the two years of the experiment. As shown in Fable 2-~4, the median rent
burden for Percent of Rent households fell from 0.32 at enrollment for both
sites to 0.2]1 in Pittsburgh and 0.24 in Phoenix at two years.3 Reduction of
high rent burdens to free household resources for other expenditures may be
an 1mportant policy goal in 1itself. However, reduction of rent burden is
not peculiar to Percent of Rent. The net-of-payment rent burden for
Unconstrained households at the end of two years was 0.20 in Pittsburgh and

0.13 in Phoenlx.4

Increased expenditures on housing often accompany moving to a new unit with
higher rent. 1In both Pittsburgh and Phoeniz, households that moved experi-
enced an increase in rental expenditures at least twice as high as that of
nonmover households (see Table 2-5).5 A straking feature 1s the larger
increase in rent apparent for movers with larger percentage rebates as shown

in Figure 2—1.6 On the other hand, Percent of Rent and Control households

lRent burden statistics are highly sensitive to definitions of the
1ncome variable used in the dencmainator. Statistics reported an the text
are median figures based on net disposable income. (For a furthexr discus-
sion of this i1ssue, see Appendix IITI and Budding, 1978.)

2If rent burden 1s further broken down by income, higher-income
households have lower rent burden than do low-income housgholds since hous-
ing expendature does not increase in proportion with income.

3Append1x Tables X-2 and X%X-3 present median and mean rent burden,
respectively, by percentage rebate level.

4See Appendix Table X-4 for additional detail on the distribution
of rent burden.

sBreakdowns of these figures by rebate level are provided in Appen-
dix Tables ¥X-5 and X-6.

GMOSt of the visual impression of larger experimental effects for
higher rebates is the result of very high responses of movers under the €0
percent plan. In fact, households assigrned to this plan were generally
{continued)

iz



Table 2-4

CHANGES IN RENT BURDEN
FROM ENRCLLMENT TCO TWO YEARS

MEDIAN RENT BURDEN

At At Two MEDTAN CHANGE SAMPIE
TREATMENT GROUP Enrollment Years IN RENT BURDEN S1ZE
PITTBURGH
prercent of Rent houseliolds 0.32 0.21 -0.1L {(388)
Control households 0.29 0.26 ~0.04 (290)
Unconstrained households 0.35 Q.20 -0.17 (59)
PHOENIX
Percent of Rent households 0.32 0.24 -0.09 {282}
Control households 0.32 0.30 =0.02 {256)
Unconstrained households 0.33 0.13 -0.23 (33)

SAMPLE: Perxrcent of Rent, Unconstrained, and Control households
active at two years after enrollment, excluding those with enxrollment
comes over the eligibility limits and those livang in their own homes
or in subsidized housing.

DATA SOURCES: Initial and monthly Household Report Forms.

NOTE: Rent burden is defined as the ratio of net rent to disposable
income (see Appendix III for definitions of these wvariables).
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Table 2-5

MEAN MONTHLY HOUSING EXPENDITURES AT ENROLLMENT

AND AT TWO YEARS AFTER ENROLLMENT

MEAN HOUSING

CHANGE IN HOUSING

EXPENDITURES E¥PENDITURES
HOUSEHOLD At At Two a SAMPLE
GROUP Enrollment Years Amount Percentage SIZE
PITTSBURGH
Movers
Percent of Rent $114 8156 841 45% (142}
Control 120 147 26 29 (94}
Unconstrained 109 145 36 39 (22}
Nonmovers
Percent of Rent 114 13¢ i6 i5 {243)
Control 112 127 14 13 (195)
Unconstrained 106 119 i3 12 (37
PHOENIX
Movers
Percent of Rent 138 179 44 38 {(169)
Control 132 160 28 30 {(123)
Unconstrained 128 175 48 55 {21)
Nonmovers
Percent of Rent 127 134 8 7 {111}
Control 125 132 7 (129}
Unconstrained 145 151 7 8 (16}

SAMPLE: Percent of Rent, Unconstrained, and Control households active

at two years after enrollment, excluding thoge with enrollment incomes over
the eligibility limits and those living in thear own homes or in subsidized

housing.

DATA SQURCES:

Initial and monthly Household Report Forms.

a. Percentage change 1s defined as the mean of the ratio of the
change 1n rent to the rent at enrollment.
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Figure 2-1
MEAN PERCENTAGE CHANGE [N HOUSING EXPENDITURES BETWEEN
ENROLLMENT AND TWO YEARS AFTER ENROLLMENT
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SAMPLE" Percent of Rent and Control households active at two years after enroliment,

excluding those with enrollment incomes over the ehigtbiiity hmits and those living in thelr
own homes or in subsidized housing.

DATA SQURCES: Initial and monthly Household Report Forms.

NOTE. Brackets indicate entries based on 15 or fewer observations.

8Percentage change in rent 1s defined as the mean of the ratio of the change in rent to the
rent at enrollment.
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that did not move expearienced about the same change in rental expenditures.
This suggests that any experimental effect will manifest itself through

mobility.

Elasticities for movers can be computed from the data in Table 2-5. Percent
of Rent movers had a net effect averaged between the sites of about 1Z per-
centage points with an average rebate of about 40 percent, gaving a price
elasticaty of about -0.30. Unconstrained households had an averagé net
increase of about 17 percentage points with payments equal on average to
about 30 percent of their income, implying an income elasticity of about 0.57.

EBoth estimates for movers are larger than for the overall sample,

Movers also allocated a much larger preoportion of the rebate to increased
rental expenditure than did nommovers, due to their larger increase in rent
(see Table 2—6).1 Further, the percentage of the allowance payment allocated
to 1ncreased housing expenditures by Unconstrained movers was 12 percentage
poants less than that for Percent of Rent movers in Pittsburgh and 5 points
less in Phoenix, confirming the relative effectiveness of rent rebates to

income transfers.

In sum, Percent of Rent households did respond to the rent rebate cffered

to them by increasing theirr housing expenditures more than they otherwise
would have. As might be expected, responses were closely tied to moving.
Percent of Rent and Unconstrained households that did not move changed their
expenditures by approximately the game amount as Control households. Even
among movers, however, much of the allowance payment went to expenditure on
nonhousing goods. Percent of Rent payments were, however, more efficient an

channeling money into housing than were the unconstrained income transfers.

lower-income households than households enrolled in the other Percent of Rent
or Control plans. Cemparason of the mean percentage change for these house-
helds with similar Control households, however, shows that there is stall a
marked difference between Percent of Rent and Control mowvers in Pittsburgh,
but the difference 1s much smaller in Phoenix (and more like other rebate
levels). Households assigned te the 20 percent plan were higher-income
households. These households show, in Pittsburgh, a very low or nil net
response. Compariscn with Control households of the same income does not
change this finding. (See Appendix Tables X-7 through X-%.)

1The net changes by mobility status were computed using Control movers
or nonmovers as appropriate. The figures in Table 2-6 show that the mean
proportion for both percent of Rent movers and nonmovers exceeded the mean
proportion for similar Unconstrained households. See Appendix Table X-10 for
the proportions for households receivang each percentage rebate.
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Table 2-6

PROPORTION CF ALLOWANCE PAYMENT ALLOCATED TO
INCREASED RENTAIL: EXPENDITURES, BY MOBILITY STATUS

MEAN CHANGE PROPORTION USED
IN RENT a MEAN FOR INCEEASED SAMPLE
TREATMENT GROUP ABOVE NORMAL PAYMENT EXPENDITURESb SIZE
PITTSBURGH
percent of Reunt
households
Movers $15 $56 27% (143)
Nonmovers 2 46 4 (248}
Uncenstrained
households
Movers 10 od 15 {22}
Nonmovers -1 49 -2 (37)
PHOENIX
Percent of Rent
households
Movers 16 68 24 {171)
Nonmovers 1 45 2 (114}
Unconstrained
households
Movers 20 104 19 (21)
Normovers 0 114 0 {16)

SAMPLE: Percent of Rent and Unconstrained households active at two
years after enrollment, excluding those with enrollment incomes over the
eligzbility limits and those living in their own homes or in subsidized
housaing.

DATA SOURCES: Initial and monthly Household Report Forms, and
payments file,

a. This is computed as the mean change for Experimental houscholds
minus the mean change for the appropriate Control households.

b. This 1s computed as the mean change above normal divided by the
mean payment. It 1s intended to represent a program average rather than a
household average.
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The next section presents the main results of the analysis of the Percent of

Rent housing allowance.

2,2 DEMAND FUNCTION ESTIMATES

As discussed in Section 2.1, the rebates offereq to Percent of Rent households
can be considered as reductions in the effective price of housing, Examining
response to the experimentally arranged rebate 1s thus equivalent to examining
housiny response to price changes. The possibiality of obtaining evidence on
the effect ¢f housing price changes on the housing consumption of indivadual
households was indaed one of the major reasons for including Percent of Rent
plans in the Demand Experiment.l The evaidence presented in Section 2.1 was
inadequate for this determination as tabulations do not control for additiomal

factors that may have affected housing expenditures.

The problem of relating consumption response to prices and income is not new.
Economlsts have developed a rigorous framework for analyzing such responses—-
consumer demand theory, The behavioral relationship between housing consump—
tion on the one hand and prices and income on the other is termed the demand
function for housang. The demand function is one way to obtainm a smoothed
response surface., Along with experimental variations in price and income,
nonexperimental variations in household income among the Experimental and Con-—
treol households enable estimation of such a housing demand function.2 Analy—-
sis of these data in terms of demand functions is useful in two ways. First,
the theoxry of demand both provides some empirical hypotheses sbout the expect-
ed sign of estimated coefficients and allows ready application of the estimat—
ed demand functions to the estimation of responses to a variety of possible
programs. Second, previous estimates of demand functions both help to indi-—
cate the probable magnitude of effects and provide a better understanding
about possible estimation difficulties and the c¢onfidence with which the
results may be used.

1
Section 3.3 discusses scme of the previous research on thé effects
of price (and aincome) changes on housing consumption.

2Exper1menta1 variation in income was provided by the Unconstrained
allowance plan. Households in this plan received an income-based payment,
available simply as addition to incoeme with no constraints placed on its
expenditure. The sample size for this plan 1s small, however, so that esti-
mates in this report are based praimarily on nonexperimental differences in
income,
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The demand function rtself can be used to provide information to model a
wide range of possible alternative housing policies. Any demand function
permits estimation of changes in housing consumption resulting from given
changes 1n housing priceg ¢or in income. For example, knowing how housing
demand responds to price changes would be valuable for evaluating alterna-
tive rent-condaticned housing allowance payment formulas. Similarly, know-
ledge of how housing demand responds to income changes would be valuable in

evaluating the housing response to any incomeé-conditioned transfer program.

While economic theory provides guidance on the variables expected to anflu-
ence housing demand, as well as on their expected direction of influence,
only general constraints are placed on the functional form of the relation-
ship. Choosing a functional form 1s simply one way of smoothing the response
function presented in Pigure 2-1. Two forms are examined in Chapters 3 and 4
of this report--a Ilinear form (a linear expenditure function) and a loga-
rithmic form {called leg-linear). Neither 1g superior in all respects,

each has attractive features, and both yield similar results. For conven—
ience, the log-linear form estimated for households that moved during the
experiment 185 focused on for the rest of this chapter. Paralleling the
tabulations of the previous secticn, this form can be used to demonstrate
the effect of the percentage rebate on rental expendrtures, on the propox-
tion of the payment devoted to increased rent, and on the change in rent

bhurden.

One way of characterizing demand functicns is by the elasticities of demand
—-the percentage change in expenditures resulting from a given percentage
¢hange 1n prices oY 1in income. For the log-linear form, these elasticities

are constant:

(1} In{R} = o + Bl In(y} + 82 in{i-a)

where
R = the gross rental expenditures
Y = average monthly income
a = the percentage rebate offered
& = the estimated constant term, and

Bl and B, = the income and price elasticities of demand,
respectively.
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The average elasticities for the low-income renters in the Demand Experiment
populat:ion, estimated for househelds that moved during the experaiment, are
approximately -0.22 for price and 0.36 for income—-falling between the crude
estimates presented in Section 2.1 for the samples of all households and
movers.l Thus, for hcuseholds that move, a 10 percent decrease 1in price
will lead to, on average, a 2.2 percent increase in housing expenditure
while a 10 percent 1ncrease in income would lead to, on average, a 3.6
percent increase in expenditures. The average rebate of 40 percent would

therefore lead to an increase of 9 percent above normal, controlling for

income changes.

Interestingly, the average estimated price and income elasticities for all

househclds 1in the two sites are almost rdentical to those estimated for houge-

holds that moved. (They are somewhat lower in Pattsburgh and higher i1n Phoenix

with almost no difference in the two-site average.) This 1s true despite the
fact that Percent of Rent recipients that dxzd not move showed 1ittle or no
increase in expenditures beyond that found for nonmoving Control households.
It appears that the Percent of Rent rebates induced some households to move
to more expensive units soonexr than they otherwise would have. This effect
would be expected tc d&iminish over taime as normal mobility rates catch up to
the experimentally generated increase in wobality. At the same time, as

more households move, more would be expected to increase their expenditures
in response to the rebate, Thus, although i1ndrvidual households adjust to
the rebates gradually, as they move, the total aggregate effect of the xebate
on the demand for housing may not increase substantially over time, at least

not after two years.

The leg-linear form can be used to show the effect of the rebate on the

proportion of the payment devoted to rent as a function of the percentage

1These estimates are from a log-linear demand function for movers,
pooling the two sites with a site-specafac intercept, using average income.
Chapter 4 discusses the implications of demographic and income differences
for the elasticities. The elastic¢ities appear to vary with these socio-
economrc characteraistics. Furthermore, they are estimated with stochastac
error. See Chapter 4 for confidence intervals and Chapter 6 for a discus-
sion of possible sources of bias.
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rebate :

B2
- AR _ (1-a) ‘-1

S a(l—a)82
Equation (2) indacates that, given the estimated price elasticity of -0,22
and the average rebate of 40 percent, 27 percent ¢f the allowance payment
will be devoted to increased rent (cf. Table 2~6). The proportion of the
payment devoted to increased rent in Eguation (2) increases with the rebate,
though gradually. Using the same price elasticity of -0.22, 24 percent of
the payment will be zllocated to increased expenditures under a 20 percent

rebate and 30 percent under a 60 percaent rebate.

The same form can be used to demonstrate the effect of the Percent of Rent

plans on rent burden. The change in rent burden can be expressed as

a_{B1-1)

(3) AR/Y) = 2y [(1-a)B2%1_

1].

1
From Eguation (1}, initial expenditure 1s

¢ B

(1) Ry,=e .
The rebate changes desired rent to
(12) R, = e®yPli1-a)f2.

Since the payment S 1s a fraction of Ry (§ = aRj), the change in rent, AR,
ags a fraction of § 1f the household were to adjust its expenditure to the
level implied by the demand function is thus
R -R, (1—a)82RO—RO
(111) 3 = B ,
a(l-a)" %R,

which 1s Bquation (2).

2From Equation {1):

(1) RO = eaysl and

OBl (1-a) B2,

{11) Rl

as in footnote 2 on the previocus page. From (x)} and {11},

(1-a)r R
O
(111) “—‘—Y—:'L- -5 = _}l? [(1-a) ansl (1~a) B2 _ anBIJr

which reduces to Eguation (3).
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For the mean income of approximately $420 per month and for the average

rebate of 40 percent, this amplies a change in mean rent burden of 11 percent-
age points, from 35 percent to 24 percent. As the percentage rebate increases,

the implied decrease in rent burden will be larger as well.

Finally, the relative impact on rental expenditures of unrestricted income
transfers and rent rebates of equivalent magn:tude may be compared using the
estimated numbers. A straightforward comparison is possible because unre-
stricted income transfers operate through income elasticities of demand, and

rent rebates operate through price elasticaties of demand.

A price subsidy should always produce a greater increase in housing expendi-
tures than an equivalent income subsidy. With an eguivalent income subsidy,
the household can purchase the same amounts of housing and other goods as 1t
purchases under the price subsaidy. However, under the income subsidy 1t

stall faces the original, higher price for housing and so may be expected to

buy less housaing than under the praice subsidy, which offers the incentive of
lowery housing prices.

The extent of the difference 1in housing expend:tures under the two types
of subsidy depends on the income and price elasticities and the initial
rent-income ratio. The relative efficiency of price subsidies {E, the
ratio of the subsidy needed under a price subsidy, Sp, to that needed
under an income subsidy, Sy) in translating an allowance payment into a
grven additional expenditure on housing is:

5 1 -1
(4) r=PL=a EYQ El-a}'ﬁzfl'ﬁ’-{l-a)'ﬁz .

Y
The efficiency 1s generally larger (for a gaven initial rent-income ratio),
as the price elasticity 1s larger in absolute walue, and 1s larger as the

income elasticity is smallex.

Table 2-7 pregsents the efficiency cf a price subsidy relative to an income

subsidy for various rent~-aincome ratios and price discounts based on a log-

1The household will be able %o purchase more nonhousing goods for
each umit of housing given up under the higher housing prices prevailing
under the income subsidy than under the rent subsidy, implying that the
quantity of housing consumed will be less.

2 . s ,
See Appendix IV for derivation of this formula.
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linear demand function with a price elasticity of -0.22 and an income elas-
ticity of 0.36, assuming households are ainitially consuming an amount of
housing determained by the demand function using initial prices. For an
1nitial (median) rent—income ratio of 0.30, the payment needed under a
price discount plan would range from less than one-half {(with a 20 percent
rebate) to less than one-third (with a 60 percent rebate) that needed under
an unrestricted income transfer to induce the same housing change. For
example, for a household with income of $500, spending 30 percent of its
income on rent {$148), a price subsidy of 40 percent would lead to an
increase 1t rent to $166 and result in a subsidy payment of $66. To induce
the same change in equilibrium rent, an income subsidy would have to be

$183.1

Table 2-7
EFFICIENCY OF PRICE AND INCOME SUBSIDY®

PRICE DISCOUNT INITIAYL, RENT-INCOME RATTO L
(Percentage Rebate) 0.20 0.30 0.40
20 percent 0.29 0.43 6.57
40 percent 0,24 0,37 0.4%
60 percent 0.20 0.29 0.3%

NOTBES: Assumptions: log~linear demand function
price elasticity = -0.22
income elasticity = 0.36

a. Efficiency is defined as the ratic of size of price subsidy
needed to size of income subsidy needed for a gaven change in rental
expenditure. See Appendix IV for derivation of the efficiency formula.

lThlS efficiency in converting subsidy payments into houging changes
1s obtained at the cost of a reduced value of the payment to the recipient.
Just as rent rebates are always theoretically more efficient than direct
ancome transfers in achieving a given change in rent, an income transfer
1s theoretically more efficrent than rent rebates at making people
"hetter off” (in their own terms). Part of the rent rebate is spent in-
ducing households to buy extra housing.
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It is worth noting that there i1s evidence (reported in Chapter 5) that a price
discount {such as that provided by a Percent of Rent subsidy) may lead to
shopping inefficiency on the part of the homsehold. In other words, since
households are not paying the market price for additional amounts of housing
services cbtained, they may well be willing to accept less than the market
average of housing services per dellar of increased gross expenditure. This
reduces, but does not entirely eliminate the relatively greater efficacy of
price discounts over income supplements in promoting changes in recaipient

housing.

2.3 APPLICATIONS

The lack of any housing reguirement or xncome condition in the simple rent
rebate plans tested in the Demand Experiment make them unlikely candidates
for an ongoing program. Though very simple to administer and analyze, they
suffer from inequity because higher-income households would typically have
higher rents and therefore larger payments. This drawback could be overcome
by a more complex degign, such as allowing the percentage rebate to depend
on income. Estimates about household response to the simple form of rent
rebates tested in the Demand Experiment can provide a bagis for estimating
response to alternative forms of rent rebates. They can also be used to
evaluate housing response to preopesed (or exasting} income maintenance
schemes, as well as existing assastance programs with rent subsidy features.
The rest of this section 1llustrates the way in which the egstimated demand

function can be applied to these problems.

Tncome—-conditioned Percent of Rent Plans

4 housing assistance plan based on percentage rent rebates would probably
have a percentage rebate which is related to income in order to reduce in-
equity. An "income-conditioned percent of rent" plan is one such prototype.
In such a plan, inequity 1s reduced by decreasing the percentage of rent

subsidized with income. The subsidy formula would be
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(5) s = a(Y}'R
where :
S = the subsidy payment
a(¥) = the percentage of rent subsidized, a
function of income Y, and
R = rent.

various forms of the function a(¥) can be considered, ranging from an
administratively simple schedule, such as that used an the federal personal

income tax system:

a for Y <Y

r 1 L
a, for Yl <Y<y,
{6) aly) =¢ ©
a" for ¥ <Y <Y
n n~1 —n

“~ O for ¥ <Y

to an analytacally simple formula, such as Carlton and Ferreira (1977},

termed variable percent of rent,

[1-%*}R for ¥ < ¥*
(7) s={

0 for ¥ » Y%,

Analysis of the potential housing expendjture impact of an income-conditioned
percent of rent plan will depend on numercus factors aincluding the formula's
income levels, household income, and rent. For illustration, the effects of
several alternative plans are discussed below for hypothetical four-person
households.1 The focus of the discussion 1s on the effect of each program

on households' rent burdens and expendltures.2

Variable percent of rent., For 1llustration, the parameter ¥* in Eguation (7}

--the income level at which the subsidy falls to zero--is set to $600 per

month, approximately the income eligibility limit for families of size 3 or 4

lThe effects of possible differential participation rates in these
plans 1is ignored.

2

In addition to expenditure changes, when payments depend on income,
households may be induced to change their incomes, if possible. This implica-
tion is ignored here.
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1
enrclled in Percent of Rent plans. Table 2-8 shows the effects on housing

2
for households of this size for wvarious income levels.

Britigh rent allowance. Alternatively, income may be used to adjust the pay-

ment level rather than the rebate as in the case of a formula actually in use

\ 3
in Great Britain :

.6R + .25 (¥*-y}) for ¥ < ¥*
(8) s =
.6R + .17 (y¥.y} for Y > ¥*
4
subject to 8 < 8§ r
= ‘max

where ¥* 15 called the "needs" allowance.S The British allowance formula
provides both a price and an income subsidy (gee Ricketts, 1976)., Price
declines by 60 percent. Using an estimate of -0.22 for price elasticity,
this decline leads to a 22.3 percent 1ncreass 1n expend1tures-6 The addi-
tion to income depends on income level. For example, for a household with
income of %200 a month and a needs allowance of $250, the percentage increase
in housing expenditures due to the i1ncome effect 15 2.2 percent.7 In con-

trast, for a houschold with income of $3200 a month and the same needs

1The actual enrollment income limits were $6,750 per year in Pitts-
burgh and $8,650 per year in Phoenix for a househcld of size 3 or 4.

2W1&e variation in outcomes are possible because i1nitial household
situations differ, The mean i1mitial rent and rent burden are used to provide
a benchmark. Use of the estimated demand equations to provide initial rent
does not change the results.

3See Racketts (1976) or Trutkc, Hetzel, and Yates (1978).

4

The maximum payment, Sn.u.ﬂ:‘r 1s 58 per week 1in London and {6.50 per
week elgewhere (Ricketts, 1976, p. 237). These can be adjusted for infla-
tion. This maximum effectively limits the range of rents gsubsidized.

5The needs allowance schedule is:

single person f17.75 per week
married couple £24.25 per week
each dependent
child Z£ 3.55 per week
(see Ricketts, 1976, p. 244).

6.2

6The Percentage change 1n rent = [(l-a)Bz—l] = [(0.4) 2—l] = 0.223.

7

The subsidy leads to an increase in income of 0.25 x ($250=200) =
$12.50 or 6.3 pergent. Using the estimated income elasticity of demand of
0.36, [(1 + a¥/v)P1-11 = [(1.063) 36-1] = 0.022.
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Table 2-8

PREDICTED EFPECT OF A a
YARIABLE PERCENT OF RENT FORMULA

Le

HOUSEHOLD INITIAL RENT INITIAL SUBSIDY INTITIAL CHANGE IN RENT FINAL FINAL RENT

INCOME BURDEN RENT® RATE PAYMENT Percentaged Amount PAYMENT BURDEN®
$200 0.50 $100 0.667 867 27.3% 5§27 $85 0.21
300 0,38 114 0.500 57 16,5 19 &7 0.22
400 0.32 128 0.333 43 9.3 12 47 0.23
500 0.28 140 0.167 23 4.1 6 24 0.24
600 0.25 150 0.000 0 0.0 0 0 0.25
a. Payment = [E - EE%%E%] ¥ rent, where Y% is set egnal to 5600 per month for a family of four.

b. From dppendix Table X-11.
Income times Ihitial Rent Burden,

d. Percentage change in rent = {{l—a)Bz—l] where B, 1s the price elasticity (~0.22) and "a" 1s the subsidy
rate,

e. Fanal rent burden is defined as initial rent plus the change in rent minus the final payment divided by
income. '




allowance, the income effect 1s negative, -1.0 percent.l The income effect
will counteract the price effect for any household with income above the
needs allowance. Finally, the maximum subsidy limits the range of rents
subsidized. Thus for rents above a certain level, the formula reduces to

2
a sample income transfer.

Table 2-92 rillustrates the effect of the Braitish rent allowance on various

prototypical households.

Rent-conditioned Housang Gap. Another possibkble housing assistance plan that

includes elements of prace discounts 1s a "rent-conditioned Housing Gap" form,

in which
g; (C*-by) for R < C* and Y < C*/b
(9) 5 =§ C*-bY éor R>C* and Y < C*/b
0 for ¥ > C*/b

where C* and b are parametexs of the program (see Carlton and Ferreira, 1977).

For rents asbove C*, thais form behaves as a Housing Gap formula or unrestricted

cash grant, while for rents below C¥, it behaves like a Percent of Rent formula.

Table 2-10 i1llustrates the predicted effects of a program with C¥ set at $130
and the contribution rate set at 0.25. Households with incomes 5400 or below

3 The hoﬁse—

are receiving Percent of Rent subsidies at a rate [C*-bY)/C*.
hold with income of $400, however, is spending $128 on rent already, there-
fore, 1t will receive a Percent of Rent subsidy only for i1ts next $2 of
expenditure on housing. After that it will receive only a Housing Gap type
of subsidy, with the amount unaffected by its rent. Households with 1ncomes
up to $520 {=C*/b) will alsc receive Housing Gap subsidies, increasing their

rent 1n response to this change in income,

Income-conditioned Percent of Rent. Alternatively, the demand function para-

meters can be used to design a rent allowance program of the type presented

in Equation (6). As an illustration, assune thet the government's policy

mcome of 0,17 x ($300-250) =

lThe subsidy leads to a decrease in
1-1] = [0.972}-6-1] = -0.010.

$8.50 or 2.8 percent of ancome; ({1l + QY/Y}B

2
In this case the budget line 1s kainked at the maximum rent subsi-
dized.

3
For each additicnal dollar spent on rent, R, the increase 1n payment
(ds/dR) 1s {C*-bY)/C*.
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Table 2-92

PREDICTED EFFECT OF a
BRITISH RENT ALLOWANCE FORMULA

HOUSEHOLD INITIAL RENT INITIAL INI'I‘IALd CHANGE IN RENTd FINAL FINAL NT
INCOME BURDEN RENTC PAYMENT Percentage® Amount PAYMENTd BURDEN"'
8200 Q.50 §100 $60 2.9% 510 560 0.25
(73) (25.0) (25) (88) {0.19}
|
300 0.38 114 60 6.8 8 &0 0.21
(60) {21.1) (24) {74) {0.21)
400 0.32 128 51 11.3 15 60 0.21
(51) {19.5) {25} (66) (0.22)
500 0.28 140 42 18.5 26 57 0.22
600 0.25 150 31 17.8 27 47 0.22
a pavment = 0.6 Rent + 0.25 (Y* - Income} for Income < Y¥, or
‘ ym 0.6 Rent + 0.17 (¥* - Income) Ffor Income > Y*,
where ¥¥*, the "needs allowance" for a family of four, is set equal to $250 per wmonth. The payment ais
subject to a maximum of $60.
b. From Appendix Table X-11.
c. Income times Initial Rent Burden.
d. Figures in paventheses show the effect 1f there were no restriction on the maximum payment.
8
e. Percentage change in rent = (0.4)82(l + EXJ ! where B> 1s the price elasticity (-0.22}, B) is the
income elasticity (0.36}, 0.4 1s one minus the subsidy rate of 0.6, and AY 1s the income term in
the payment formula (e.g., 0.25 (¥Y* - income) or 0.17 (Y* - income)). The actual increase 1s limited
by the maximum payment.
f. Fanal rent burden 1s defined as ainitial rent plus the change in rent minus the fainal payment divided by

income.
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Table 2=10

PREDICIED EFFECT OF A
RENT-CONDITIONED HOUSING GAP FORMULAZ

HOUSEHOLD INITIAL RENT INITIAL SUBSIDY INITIAL CHANGE IN RENT FINAL FINAL RENT
INCOME BURDENb RENT® RATEd PAYMENT Percentagee amount PAYMENT BURDENf
$200 0.50 5100 0.62 $62 23.7% $24 577 0.24
300 0.38 114 0,42 48 12.7 15 54 0.25
400 0.32 128 0.23 30 2.6 3 30 0.25
500 0.28 140 0.00 5 0.4 1 5 0.27
eno 0.25 150 0.00 8] 0.0 0 0 0.25
Rent, % "
o (C* - heIncome) foxr R < C* and Y < C*/b,
a. Payment = C* =~ heIncome for R » C* and ¥ < C*/b, or
0 for Y > C*/b,

d.

.

where C*, the cost of standard housing, 1s set equal to $130 for illustration, and b, the contribution
rate, 1s set egual to 0.25,

From Appendix Table X-11.
Income times Initial Rent Burden.
Rate at which payment increases for each additional dollar spent on rent, up te C* ($130).

If the change in rent is less than C* minus the initial rent, this s a pure prace effect. If not, there
1s also (or instead) an income effect.

Final rent burden is defined as i1nitaal rent plus the change in rent minus the final payment divided by
income. :




target 15 a household rent burden of 25 percent. A simple payment formula

which varies by income, a(Y¥)}, can be derived from the formula for rent

burden:
Ro + AR - &
(10) Final rent burden = —
where
RO = jnitial rent

AR = change in rent induced by the payment

]

rayment, and

Y imncome.

The payment, S, received by the household is
(11) 8 = a(y) - [R0 + AR].

The induced change in rent can be computed from

B2
(12) [—?ﬂ: [1-am] -1
0

where Bs is the price elasticity.

Usang Equations (10} through (12),

(Ba+l)
{13) Final rent burden = (1-a) Ro .
Y
Given the policy target, the schedule a{Y) can be soclved in terms of the

price elasticity (B8,) and the imitial rent burden (RO/Y):l

1/(B2+1)

_ .25y
(14) aly) =1 -[:"ﬁ—o—-] .

1 .

Alternatively a(¥)} could be solved in texrms of ¥ by using the
estimated demand function to express R, as a function of the price of
housing and income.
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Table 2-11 presents the sclutions to thas eguation for various income
classes, The subsidy rate declines to zero as ancome rises because the

rent burden declines to the policy target, 0.25, It 1s alsco worth noting
that the deraved rate i1s not wery different feor varaious values of the price
elasticity, as computed at the extremes of the 95 percent confidence interval

for the estimated elasticaty.

Table 2-11

INCOME-CONDITIONED PERCENTAGE SUBSIDIES
NEEDED TO REDUCE RENT BURDEN TO 0.25
AS A FUNCTION OF INITIAL RENT BURDEN

MONTHLY INTTIAL PERCENTAGE OE "CONFIDEN?E
INCOME RENT BURDEN RENT SUBSIDY INTERVAL"
$83.3 - 150 0.69 0.73 (0.69, 0.77)
151 - 250 0.50 0.59 {0.55, 0.863)
251 - 350 0.38 0.42 (0.38, 0.45)
351 - 450 0,32 6.27 {(0.25, 0.30)
451 - 550 0.28 0.14 {0.12, 0,15)
551 - 650 0.25 0.00 —_
651 + <0.,25 none -

a. From Appendix Table X-11.

b. Computed using Equation (14) ain the text, using a price elas-
ticity of =0,22.

¢. Computed using bounds of the 95 percent confidence interval for
the estimated price elasticity: (-0.13, -0.30).

The Food Stamp Program

Bpplications of the estimated demand parameters are not limited to analyses
of housing allowance strategies, as the following example demonstrates.
Most federal income-tested programs mandate specifi¢ deductions from income.
These deductions can be classifred as erther work-related expenses or as

expenses for "merit goods" (goods or services which those providing support

lSee Hauwsman {1977).
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deem worth providing to the recapient). The former category includes dedue-
trons for i1tems such as child care, commuting costs, and union dues while
the latter includes deductions for educational expenses, medical care, and
housing. Exclus:ion of housing expenses from income 1is similar to a rent
rebate in that the amount of the transfer is related to actual housing
expenditures. This point 1s 1llustrated here by reference to the Food

1
Stamp program.

Until October 1978, the Food Stamp program based benefits on income net of
numercug deductions. After subtracting from income itemized deductions for
chi1ld and adult care, work-related expenses includihg taxes, medical care,
disaster and casualty losses, and educational expenses, any shelter expendi-
tures ain excess of 30 pexcent of the remaining net income are alsc deducted

2,3
from income.

The resulting net i1ncome determines the "purchase require-
ment" for fecod stamps and thus the amount of the subsidy to be received by

a household.

The effect of such a program feature i1s to subsidize increases in housing
expenditures at a rate determined by the “benefit reduction ratio" (the

rate at whach benefits fall per dollar of increased household income)
implicit in the Food Stamp program. The benefit reduction ratio 15 approxi-
mately 30 percent.4 Thus for every $1 of housing expense i1n excess of 30
percent of net income, adjusted income 1s reduced by 31, and Food Stamp
benefits are increased by $0.30. A fraction of increased shelter expendi-
tures 1s in effect given as a rent rebate to participataing households,

thereby creating an incentive to consume more housing.

1Other government programs excluding part of rent from income are
21d to Families with Dependent Children (exclusion varies by staze} and the
National Schocl Lunch and Other Child Nutrition Programs (see Hausman, 1977}).
A further example might be the Federal Income Tax, whaich provides deductions
for mortgage interest and property taxes.

2Note also that since expenses are deducted from gross income hefore
shelter expenses, the thresheold at which net income i1s further reduced due
to shelter expenditures 1s likely to be a much smaller proportion of gross
income than 30 percent. If, for example, other deductions average 20 per-
cent of gross income, the rent-to-gross income "threshold" would be 24 per-
cent of gross 1ncome.

3
The Food Stamp act of 1977 revises this procedure somewhat, as
discussed later in thais secticon.

4
The benefit reduction ratic i1s approximately 20 percent for single-—
person households. Estimated effects do not take this drfference into account.
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This program feature 1s ilikely te have a major impact on housing expendi-

tures, gaven that a significant fraction of the population below the poverty
line receives Food Stamps and have rent-to-income ratios in excess of 30
percent. Over time, increases in cost of housing would tend to be partially
and automatically subsidized by increased Food Stamp benefits. On the other
hand, elimination of the deductions for "excessive" housing expenditures
would theoretically reduce the demand for housing, increase households' rent
burden, and eliminate what amounts at present to an automatic adjustment to

1
housing cost changes.

This housing subsidy component in the Food Stamp program is substantaal.,
According to the FPood and Nutrition Service of the U.S. Department of
Agriculture (USDA),2 in September 1976, 5.03 million households were Food
Stamp recipients. A lavge fraction of the Food Stamp households (74.3 per-
cent} received a shelter deduction; the average shelter deduction claimed
was $73 a month (giving an average over all households in the program of
§54) . Since the benefit reduction ratio was approximately 0.3, the addi-
tional governmental expenditure due to the shelter deducticn can be computed:

(5.03 million) x ($54) x (0.3) = $81.5 million per month or

$977.8 million per year.

In comparison, current Department of Housing and Urban Development (HUD)
total annual contribution commitments are less than twice this figure ($1.85

3
billion}.

It 1s interesting to note that the "housing subsidy" that occurs
through Food Stamps :s likely to benefit nonparticipants in federally sub-
sidized housing more than participants, since tenant contributions in federal
programs outside of Section 236 (without rent supplements) almost always
result in rent to income ratios less than 30 percent--the point at which the
Food stamp "housing subsidy" begins. Thus while public housing participants
get more housing subsidy, otherwise comparable peoor households will tend to
get grealter Food Stamp benefaits.

2The data are from U.S. Department of Agriculture {(1877)}.

3U.S. Department of Housing and Urban Development (1977} as of
September 30, 19276, Section 23 housing assistance commitments are $23
million, Section 8 commitments are $488.5 million, and leased housing commit-
ments are $262.5 million. The remainder are contraibutions to public housing
projects. Of courge, HUD has other commitments to housing programs in terms
of locans and lcan guarantees {$5.28 ballion).
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Estimating the impact of the Food Stamp program on housing is, in theory,
a fairly complex problem that would reguire information on the mean demand
function for foed, the cross-price elasticity of housing and food, and the

distribution of food and housing consumption patterns, as well as the estai-

mated mean demand function for hou51ng.l In fact, the impact of Food Stamps
on housing can be fairly well approximated using the estimated demand func-

tion for housaing alone.

As indicated above, the Food Stamp program allows recipients to purchase a
certain amount of food--the coupon allotment (determined by household sizZe)--
at a reduced price--the purchase requirement (determined@ by net income}.

The maximunm Food Stamp bonus, Bm' 1s given by

(15} Bm = A - oYy -~ 8]
where

A = the coupon allotment (a function of house-
hold gize)

¢ = the benefit reduction rate (approximately
0.3}

Y = net income before the shelter deduction, and
8 = the shelter deductaion.

The shelter deduction is the amount spent on housing above 30 percent of net

income:
R-0.3¥ for R > .3Y
(16) 8 =
0 for R < .3Y
where
R = rent.

Thus Equatron (15) can be written

A - g(1.3v-R) for R > .3Y
(17) B =
A - oY for R < .3Y.

1
See Appendix V for a more detailed discussion.
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Notice that the maximum bonus value does not depend on the amount of food
purchased. If the household purchases more food than 1ts coupon allotment,
the impact on housing can be estimated in terms of the effect of the addi-
tional income from the Food Stamp bonus and the reduced price of housing

implied by the shelter deduction.

Households that want to purchase less food than their coupon allotment obtain
PoF
a proportional reduction in cost-~that is, they purchase scme fraction, F

'

PF
of their allotment, A, at the COSt’(TE_) ¢ (¥-8). Thus, their benefait is:

(18} B = EEE B for p_ F < A
A m F -
where :
B = the Food Stamp bonus
F = the amount ¢f food purchased, and
P, = the price of food.

For these households, the price of food is essentially reduced by the factor
(Bm/n). In this case, then, the impact of the Food Stamp program on housing
depends on the response of housing consumption to changes in income and the

prices of both housing and food.

The rest of this section considers the impact of the Food Stamp program on
the housang of recipients that spend at least their full coupon allotment
for food. Fortunately, as discussed in Appendax V, at least 61 percent of
Food Stamp recipients, and guite possibly more, fall into this category.l
The analysis, carried out on the basis of estimated demand for housing alone,

would appear to cover a major part of the Food Stamp program.

The impact of the Food Stamp pregram on housing can be decomposed into the
income effect of the subsidy and the additional housing price effect of the
shelter deduction. Data published by the Department of Agriculture for
September 1976 give an average bonus value of $71 and an average shelter
deduction of $54. Thus, $16 (30 percent of $54) of the 371 may be consid-
ered a housing price discount. The remaining amount, $55, is the income
transfer component of the Food Stamp subsidy. The average household'’s net
income was $224, implying a percentage increase in income due £o the income

transfer component of about 24 percent (55/224).

1

See Appendix Table V~-1. MacDonald (1977, p. 54) estimates that
roughly two-thirds of all recipient households are effectively unconstrained
by the program.
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Using the estimated income elasticity of 0.36, the percentage change in
expenditures for houscholds that adjust thear housing due to the aincome

effect can be approximated by

81 .36
(19} ‘%é] = |1+ %} -1 = [1.2¢4] -1 = 8.1 percent.

Income

The price effect can be computed in a similar way. For households eligible
for a shelter deduction the price of housing 1s reduced by 30 percent {o).
Using the estimated price elasticity of demand of -0.22, the percentage
change in expendatures due to the price effect for those households that

adjust to the change 1in relative prices 1s

Ro -.22
(20) [%‘l = {1 + %?- -1 = {.7 |-1 = 8.2 percent.
rice

For an initial rent of $120, the percentage change i1n expenditures due to
the Food Stamp income transfer component is about $10 and that due to the
housing price subsidy (for those eligable) another $10. Since only 74
percent of Food Stamp households received the price subsidy, the overall
incxease in housing expenditures due to both the income and price effects
would be about 14.2 percent (8.1 percent plus 74 percent of 8.2 percent}.
For an initial rent of $1l3,l the overall increase would be about $16,

divided into $9 of income effect and $7 of average price effect,

The Food Stamp program thus clearly provides an important form of housing
assistance to participating households wath high rent burdens. How much
this assistance changes housing expenditures is, however, difficult to
determine exactly. Aas discussed, the Food Stamp program increases recipient
real ancome, which should increase their housang expenditures. In addatieon,
it provides a 30 percent rent rebate for expenditures above 30 percent of
net income, which, i1f households actually understand the connection between
their housing expenditures and Food Stamp costs, should lead to increased

housing expenditures in much the same way as the Percent of Rent rebates do.

Iﬁhe average shelter cost of Food Stamp households was $128,50,
which of course includes any income and price effect ($128.50/1.142 =
$112,50).
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The net effect will differ for different households, Since each household
15 likely to have different preferences, 1t 1s incorrect to attribute the
average effect estimated here to all hougeholds. In particular, as dis-
cussed above, the Food Stamp recipients for whom the program also changes
the price of food may behave quite dafferently. Finally, households can be
expected to adjust their housing only occasaonally, for example, when they
move. The effect would then be limited only to households that move while

in the Food Stamp program.

The Food Stamp Act of 19277 changed the rules for income deductions. After
a standard deduction of 20 percent from gross income, additional deductions
of up to a total of 380 are allowed for dependent care and for shelter
expenses 1n excess of 50 percent of net income (1.e., 40 percent of gross
income). This change will reduce the impact of Food Stamps on housing

expenditure,

Mo statistics are available to estimate the impact precisely, but educated
guesses can be made about the effects of the change. First, the average
shelter deduction will decrease. Since an additional 20 percent of net
income 1s now no longer deductible as a shelter deduction, the average
shelter deduction {ignoring inflation) should decrease by about $45 {20

percent of average net income, $224), from $73 to $28.

No direct information on the percentage of housecholds with rent burdens in
excess of 40 percent of gross income is available, Annual Housing Survey
{aHS) data for 1975 (U.S. Bureau of the Census, 1978) show that 49 percent
of households with annual incomes of less than $10,000 had rent burdens 1n
excess of 35 percent of gross income. Thus, 49 percent would seem to be an
upper bound.l Mo lower bound i1s available, but one maight bhe arbitrarily set

at one-third. Using these bounds, the additional goverrment expenditure due

lThe tabulated data on rent burden are not broken down above 35 per-
cent, Except for thaz problem, the Census probably provides a fairly good
estimate. If the current deduction used in the Food Stamp program (before
the shelter deduction) averages 20 percent, then the shelter deduction of
rents above 30 percent of net income 1s equivalent teo a deduction for rents
above 24 percent of gross zncome. Seventy-four percent of Food Stamp houge-
holds had these shelter deductions (USDA, 1977); likewise, the AHS data
show 74 percent of hougeholds with annual incomes of less than $10,000 had
rent burdens i1n excess of 25 percent of gross income.
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to the shelter deduction under the new regulaticns (in 1976 dellars) will
1
be reduced from $8L.5 million per month to between $20.7 million per month

2
and $14.1 million per month --a reduction of between 75 and 83 percent,

Similarly, the effect on the average household will be reduced as well. The
average bonus value will be reduced. If the part of the subsidy not due to
the shelter deduction remains unchanged, the income effect will also be un-
affected. Fewer households will, however, be affected by the price discount.
The overall increase in housing expenditure will average between 10.8 and
12.1 percent (an unchanged 8.1 percentage points of income effect and either
49 percent or cne-third of the 8.2 percent price effect), instead of an

average 14,2 percent.

1(5.03 million households) x (.49) x ($28) x (0.3},
2(5.03 mxllion households) x (.33) x ($28) x (0.3).
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CHAPTER 3

THEQRETICAL CONSIDERATIONS AND
EMPIRICAL ISSUES UNDERLYING THE ANALYSIS

This chapter presents the analytical framework used in the analysis of the
effect of rent rebates on housing expenditures. Section 3.1 uses standard
microeconomic theory to describe the rationale underlying analysais of hous-
1ng response to a rent rebate. The key concept used is a demand function
for housing. Section 3.2 discusses two alternate specifications, linear
and log-linear demand functions, and their implications for the analysis of
housing response. Section 3.3 briefly discusses the evidence from recent
studires on the demand for housing. Finally, Section 3.4 presents the plan

for the rest of the report.

3.1 CONSUMER DEMAND THEOQRY

The effect of a rent rebate on housing expenditures can be analyzed in a

standard microeconomic framework, the theory of consumer hehavior. In most
emprrical studies of housing consumption, housing expenditures depend on the
price of housing relative to the price of other consumer goods, on household
income, and on other household characteristics. Such a relationship is known
as a demand function for housing. §Since rent rzebates effectively change the
relative price of housing, their effects can be analyzed using a housing

demand function.

Households in Percent of Rent plans receive a payment, P, equal to a fixed

1
percentage, "a," of their gross housing expenditures (including utalities),

lThere were two minor limrtations amposed. If average monthly das-
posable income was greater than 4.8 times the estimated cost of modest
existing standard housing, C* (varied by household size and site), the per-—
centage rent rebated was reduced on a slidang scale. This limitation was
rarely encountered. At the end of two years, only & percent of the Percent
of Rent households in Pittsburgh (23 out of 407) and 3 percent in Phoenix
(¢ out of 298) had reduced rebate rates. The analyses in this report do not
take account of these reductiong in the rebate rate. However, estimates of
elasticities using the actual rebate rate samply excluding households with
reduced rebates changed the estimated elasticities by less than 0.01.

A second limatation, that the rebate was not applied to housing expendrtures
an excess of C*/a, applied to only two households in Pittsburgh and one 1n
Phognix. Thas, too, has been ignored in the analysis.
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(1} P = aR.

The household’s net housing expenditure, Rn, thuz consists of the difference

between their gross expenditure and the allowance payment,

(2} R =R -P = (l-a)r.
n

Gross expenditures may be thought of as a quantaily of housing services times
1 .
the price per unmat: R = pHH. For the same quantity of housing, the net

cutlay for Percent of Rent houscholds is
{3) R = (l-a)R = (1—a)pHH.

Thus, the rent rebate can be viewed as changing the effective relative price

of housing from P to (l—a)pH.

Household response to such a change in prices may be analyzed in terms of
conventional econcmic theory. Assume that households wvalue housing and

other gcods according to a utility function
(4) U= u(d,2)

where

H = the amount of housing services consumed, and

Z

H

a composite commodity of all nonhousing goods,

and that hecuseholds maximize their utility subject to a budget constraint

{BO), determined by the level of available income,

5 -
(3) Y = pH + p,Z
where
2
¥ = household ancome
PH = the price of housing, and

P, = the price of nonhousing goods.

lThe term housaing services 1s used because renters do not actually
buy a unit but only rent its use for a given period. Thus, what they buy
18 the housing services provided by the uwnit during the rental period. The
housing consumption of homeowners can theoretically be analyzed on a basis
comparable to renters by conceptually separating their purchase of an asgset
(their house) and their consumption of housing services while living in the
house (see Kain and Quigley, 1972).

2Household income 1.8 often defined as "permanent" or "normal" income
rather than current measured income. The household :1s viewed as making its
budget plans based on expected normal income. Deviations of actual income
from noxrmal income are absorbed by changes in savangs or discretionary
purchases.
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Figure 3-1 represents this situation, where Uo 1s the maximum level of

utility obtainable, with the household choosing what 1s termed the “optimal”

i
amcunts of housing and nonhousing geods, H  and ZO’ respectively. The

0

slope of the budget line B_ is simply the negative of the relative price of

o
housing, that is, -pH/pZ.

Figure 3—1
OPTIMAL HOUSING CONSUMPTION
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1 —————————————————
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Budgst lines

-
; HOUSING {H}

lThe lines U =0 and U = U, , called indafference curves, show the
combinations of housing and nenhousing goods needed to maintain a given
level of utility. & key assumption 1s that indifference curves are concave
from above--as housing consumption i1s reduced, it takes an inhcreasing amount
of nonhousing goods toc leave the household as well cff. See, for example,
Henderson and Quandt (1971), for further discussion.
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Introduction of rent rebates reduces the relative price of housing to the

household, since 1t pays only {l-a)pﬂ rather than Py for each unit of hous-
ing services. In Figure 3-1, budget line Bl represents the combination of
housing and nonhousing goods cbtainable by a household with a Percent of
Rent housing allowance; the slope of B, 1s -(l-a}pH/pZ and 1s thus less

1

steep than B If the householid were then to maximize 1ts utilaity, it

0"
would ceonsume H, housing and 2

1 nenhousing goods, givang 1t a ntilaty U
U(Hl.Zl).

1 17
The functicnal relationship between the optaimal amcunt of each good chosen
and household income and prices s termed a demand function. The demand

function for housing services can be expressed as
(6} H = H(Y,pH,pZ).

Consumer demand theory provides some predictions about this function; in
H
particular, 1f demand for housing increases as 1nNCoOme 1NCreases (%¥-> q),

9H
then demand will decline as prices rase (55-< 0).
H
In addition to 1ncome and prices, other wvariables may alse affect housing

demand. Different demographic groups may have different relative prefer-
ences for housing versus other goods and services. Furthermore, policy
interest is often focused on certain demographic groups, in particular
minority and elderly households. The empirical work described in Chapter 4
examines several different types of characterastics: age of head of the
household, household size, household tvpe, and race of head. For simplicaty,
the exposition of functional forms in Section 3.2 below deals conly with price

and income, omitting any explicit discussion of other demographic variables.

3.2 THE FUNCTIONAL FORM OF HOUSING DEMAND

The exact impact of a rent rebate depends on the shape of the demand function
for housing. The theory of consumer demand does not suggest a particular
forin for demand function, and the choice of the functional form as usually
based on empiraical consaderations. Two different gpecifications are used in
this report in order to gain some insights into the sensitivity of the esta-
mates to the exact specafication. Both relate the guantity of housing
demanded (H) to a consumer's aincome {Y), housing prices (pH}, and nonhousing

praces (pz). The first is the log-linear demand function, which has been
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widely used 1n emparical studies of housing demand, The second i1s_a demand
function that is linear in 1ts parameters, where the parameters can be

interpreted in terms of a Stone-Geary utility function.

Log-lineaxr Demand Functicn

Since the rent rebate offered Percent of Rent households in effect reduces
the price of heousing, i1ts impact may be expressed an terms of the price
elasticity of demand for housing. The prace elasticaty of demand rs defined
as the ratio of the percentage change 1n quantity demanded to the percentage

change i1n housing price. This can be expressed mathematically as -

_ QH/H 3ln (H)
2 np - 3p./p = 31ln(p.)
H *H H
1f the price and income elasticities are constant, the demand function will

be log—llnear.l This log-linear demand function is written a32
(8) ln(H) = BO + Slln(Y) + len{pH),

where BO 15 a constant and the coefficirents Bl and 32 are, respectavely, the

income and prace elasticity of demand for housing.

Equataion (8} can be written in terms of rental expendatures rather than the
abstract "quantity of housing services" by recognizing that rental expendi-
tures are egual to the product of praice and quantlty.3 In the log-linear
form of the demand eguation, this 1s done by adding the logarithm of price

te both szdes of the equation:

(9} In{R) = 1n(PHH) = So + Blln{Y) + [{1 + 52)1n(pH)].

The income elasticity of demand is defined analogously to the price
elasticity: ng = 3in(H) /3in(Y).

In this equation, p; 15 normalized to equal one. The log-linear

demand function could be written
Y !
BO + slln (—m) + 521n —_
Py Py

1n (H)

[30 -(8, + 8,) 1n(pz)] + 8 In(¥) + B,lalp.) -

If Pz 1s unobservable and daffers across sites, then the estimated constant
term will diffexr as well.

3

The possibality that the Percent of Rent offers altered the normal
relationship between rent and the guantity and gquality of housing obtained
18 explored ain Chapter 5.
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Equataon (9) expresses the logarithm of housing expenditures, 1ln{R), as a
linear functaicn of the logarithms of ancome and of the relative prace of
housing. Note that the prace elasticaity of housing expenditures 1z egual

to one plus the price elasticity of housing services,

The advantages of the log-linear form are geveral: 1t is simple to estaimate
using Ordanary Least Squares (OLS); 1t 1s widely used; 1its parameters are
easily interpreted as (constant) price and aincome elasticities; and only

the constant term i1s affected by changes in the units of measurement. Thus,
inflation 1s easily accommodated in estimation by permitting the intercept,
BO' to change over tlme.l Thas attribute greatly facilitates comparisons
over tame and across cities. On the other hand, restraicting the price and
income elasticaties to be constant may not be desirable, and the function

itself cannot be derived from a known utility functian.2

Linear Expenditure Function

As an alternative to the log-linear Ffunction, a linear expenditure function

takes the form:3

1This 1s & well-known feature of the logar:ithmic specification. To
see thas, let 7 denote the rate of general inflation in both housing and non-
housing goods. Then, in terms of enrollment dollars, the relationships
between rent and income at enrocllment and at two years can be written as

(1) ln(RO) = BO + Blln(Yo)
In{r 1+ =
(11) n{Rr, /( ) By *+ Blln(Yl/(l + )
where the subscripts indicate enrcllment (t = 0) and two years after enroll-
ment {t = 1}.
Equation {11} can be rewritten as
(z11) ln(Rl) = [B0 + {1 - Bl)ln(l + T + Blln(Yl).

The expression, [f + (I -« B )1n{(l + w1, iz the new constant for the egua-
0] 1
tion for the time +t'= 1.

2

Indeed, the log-linear demand function is not compatible with any
utilaity function owver 1ts entare range (except for the case of unitary elastic-
ities).

3The demand function for housing corresponding to this linear expend-
1ture function is

w=con (Z) ”(P_Z).
Py Py

The expenditure funchtion (10) 13 cbtained by multrplying both sides of the ’
demand function by Py s using the normalizing assumption P, = 1.
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{10} R =2+ BY + Cp,.

Just as the log-linear form expressed the logarithm of rent as a linear func—
tion of the logarithms of income and price, the linear form expresses rent
as a linear function of income and price. It can also be estimated using

Ordinary Least Squares,

For the linear expenditure function, income and price elasticities are not

1 . s 2
constant,  but vary with both price and income. The price elasticity is

_ _={a + B¥)

11 = :
(11) o A + BY + Cp,

and the income elasticity is

BY

12 =B .
(12) Ny A+ BY + Cp,

In contrast to the log-linear demand function, the linear expenditure func-
tion can be derived from a utaility function. Thais utility function, known

as the Stone-Geary utility function, i1s written as

(13) U(H,Z) = (H - el)b(z - ez)l‘b,

where b, el, and 82 are parameters, 0 < b < 1, H 3.61, and 2 3_82.3

1
They will be constant only in the special case of unitary elasticities.

2These formulas are derived from

=—3—I:I-.¢£I:I_and =3Hc_¥_
np apH H Ny Y H
where
q = A + BY +C,
pH
3H -{A + BY)
'BP—-—- S ;, and
B P
H
M _ B
Y PH
3
This function is more general than the Cobb~Douglas form, in which
86, =8, =0,
1 2
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When this utility functicn i1s maxamized subject to the budget constraint
[Equation (5)] and 1s normalized by setting the price of the composite
good, %, equal to one {pZ = 1), the eguilibrium demand function is:

b
(14) H= Gl + pH{Y - pHGl 92).

In terms of rental expenditures, Equation (14) becomes

{15) R =pH = pHel(l—b) + by - 62),

in form i1dentizcal to Eguation (10), where A = —b82, B=bhb, and C = (l—b)el.
Moresover, in contrast to the log-~linear form, since thais function is deraived

directly from a utilaty function, it satisfies the theoretical constraints

lThe demand function is deraved by taking the log of the utilaty
function [Bquation {13}} and defining the Lagrangian

L = bln[H—Blj + (l—b)ln(Z—62} + (Y - p. H - pZZ).

H
The first order conditions are:

L. _ b _
(1) 3 - T lpH =0
1
di. _ _(1-b) _ ~
(22) az " (z-e,) Apy = 0
dL _
(111) T S Y T opgH - py% = 0

From {1} and (a1},

b _ {1-b)
pH[H-Bl) pZ(Z—Bz)

or
b(p,Z — py0,) = Pyl - pydy - blpyH - pyuby)
This can be rewritten as

1y — — 6
Pyt = pul; + blpgH + pp2 - p0) - p0).

Frnally, using (rii):

b
H=0 +-—=—(Y -
o p

6.,)
1 - 2

1 T Py

which yields Equation (14) when P, 1S set equal to one. Thus, equilibrium
rent (p H) can be interpreted as some minimum (py6;) plus a constant fraction
{b) of income above some minimum amount (supernumerary income).
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on demand functions within cexrtain ranges (see Phlips, 1974).1

The parameters Bl and 62 have been interpreted as minimum subsistence levels
of housing and nonhousing gcods, since the underlying utility function is

defined only for values of H greater than or equal to 0. and Z greater than

1
or egual to 92. This interpretation as untenable 1f the 8s are negative, as

will be true if the price elasticity of demand 1s greater than one {in abso-

2
lute value). Alternately, the parameters &, and 62 can be viewed merely as

1
parameters that affect the shape of the household demand function.

3
3.3 EVIDENCE FROM RECENT EMPIRTCAIL ESTIMATES OF HOUSING DEMAND

This section presents scme empirical evidence based on recent studies of the
price and income elasticaties of demand for rental housing. For the most
part, housing demand analyses have ignored the role of housing price in in-
fluencaing demand, choesing instead to focus on the role of income. For each
analysis that estimates the price elasticity of demand there are several that
estimate the i1ncome elasticity. The major reagson for this focus zs the diffx-
culty of constructing accurate and generally applacable indices of housing
price and the lack of time-series measurements of household housing demand

under different housing prices.

The drfficulties of measuring the "price" of housing are more severe than

those of measuring the prices of most consumer goods. There is no single

1The potential usefulness ¢f the theoretical link to indaividual
wtilzty functions is largely lost in estimation, The congtraints on the
coefficients are thosgse for the utility function--that for every household,
0<b<1, H> 06, and Z > 8,. These restrictions may in theory be main-
tained for every observation in either of two ways. First, 1f tastes are
assumed to be the same for all households (sco that the stochastic term
represents diseguilibrium housing expenditures), then parameters can
be restricted so that no income and price observation yields a predicted
expenditure level less than p_68.. Alternatively, a (restricted) stochas-
tic distribution of parameters could be specified. MNeither of these
procedures 1is attempted in this report.

2Thls can be seen by rewriting Equation (11) in terms of the Stone-
Geary parameters as
Bl(l-b)

n ==L+ —- % -1 as §

o m 0.

Vil A

1

3
This section was adapted from an earlier report by Stephen K. Mayo
(1977) . See Mayo (forthcoming) for a more extensive review of recent studies.
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price of housing. The percentage difference in cost of an i1dentical one-
bedrvom unit between two cities may not be the same as the percentage dif-
ference in cost for an identical four-bedyoom unit in those two cities.

Most recent housing demand analyses that attempted to estimate price elastic-
ities have relied on aggregate data from the City Worker's Famly Budgets
established by the Bureau of Labor Statistics (BIS). However, since the BIS
budget 1g estimated only for a particular housing type, the index based on

. 1
it may be migsleading concerning price differences across housing in general.

In addaition, the type of household {as defined by household size, composi-—
tion, or income, for example) that occupies the BLS prototypical unit may
differ from place to place or over taime, due teo, among other things, daffexr-
ences in the price of housing. In this case, measurement errors in the price
index may be systematically related to household characteristics. Unless
such factors are explicitly accounted for in estimated demand relationshaips,
the estimated prace elasticity of housing demand based on the BLS index will
subsume the effects of such household characteristics on housing demand and

2
may produce misleading results.

One further limitation of conventional housing praice indices is that they
typically apply to entire metropolitan areas, and consequently fail to
account for housing price variations within those areas. There is growing
evidence that intra-city price variations may be considerable, relative to
between-city variations, as a result of geographical or ethnic submarkets,
racral price discrimination, and spatial variations in land prices and
rental unit coperating expenses. Not only have such price variations been
1dentzfied, but households have been found to adjust their housing consump-
tion patterns rationally to intra-area price variations {see particularly
Straszheim, 1975, and King, 1972). By ignoring such variations, conven-

tional housing price indices are subject to what may be considerable

lThe "rent shelter component of the (City Worker's) Budget refers
to an unfurnighed five-room unit (house or apartment) ain sound condition
and with a complete bath, & fully equipped kitchen, hot and cold running
water, electracity, central or other installed heating, access to public
transportation, schools, grocery storesg, play space for c¢hildren, and
location in residential neighborhoods free from nuisances" (Gillingham,
1975} .

2
For a more extended discussion of this problem see Mayc and Fenton
(1974) , especially pp. 7-22. See also Polinsky (1977).
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measurement error, thereby raisang the possibility that estimates of prace

elasticities of housing demand are biased.

The inadequacies of conventional price indices provide an explanation for
the wide variation in price elasticity estimates among studies that have used
simrlar or even identical data but drfferent empirical specifications of
housing demand functions or different sets of explanatory variables. For
example, three recent analyses have relied on data from the same panel
survey, the "Panel Study of Income Dynamics" (PSID), administered by the
Unaiversity of Michigan Survey Research Center, and have all used BLS "rent
shelter component” data as the basis for housing prices (Carliner, 1973;
Fenton, 1974; and Lee and Kong, 1977). The major differences among the
analyses are due to the d:ifferent explanatory variables (other than housang
price} included in the egtimated demand function. The analyses produced
strikingly different results. Carliner found that in no alternative demand
function specification was the estimated price elasticity for renters signi-
ficant at a high level; estimated magnitudes ranged from -0.1 to +0,02,
depending on the specafication, Fenton, on the other hand, observed uni-
formly significant price elasticity estamates ranging from -0.7 to -1,9
depending on which of several socioeccnomic groups was being considered,

and estimated the price elasticity for the entire renter population at -1.27,
Further, Lee and Kong estimated statistically significant price elasticities
of -0.6 for renters in two alternative specifications of housing and demand
functiong. From the results of these three analyses with nearly identical
basic data, tﬂé specification of the housing demand function appears crartical

. . 1
in influencing estimated price elasticities.

Several other studies have found elasticities of about -0.7. DeLeeuw (1971),
using BLS price data and 1960 Census data on renters, estimated a price elas-
ticity of about -0.7, but conceded that the true value could ke as high as

~1.5 as a result of simultaneous determination of housing praces, guantities,

lThe estimated income elasticities are generally guite gimilar among
the three analyses, despite some drfferences in specification. (arliner
estimates income elasticities from about 0.4 to about 0.5 for renters, de-
pending on the functional form and the definition of income. Fenton's income
elasticity estimates also center on the 0.4 to 0.5 range for most scciroecono-
mic groups. Lee and Kong estimate income elasticities ranging from about 0.3
to 0.7 for renters (depending on the income definition and estimation method);
for theirr most carefully specified model, they cbtain an estimate of about 0.5.
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and rents. Nelson (1975) reprcduced deLeeuw's analysis using 1970 Census

data and found a price elasticity for renters of about —0.7.1 One recent
review of empirical analyses of housing demand (Polinsky, 1977) concludes
that although biases on price and income elasticities may be serious in most
extant analyses, by correcting for such biases a price elasticity of housing
demand on the corder of -0.75 1s obtained. Degpite Polinsky's analysis, there
appears to be little consensus on an appropriate value for the price elastic-
1ty of housing demand. The disparate results of the three analyses of the
PSID data {(Carliner, fenton, and Lee and Kong} illiustrate most dramatically
the range of uncertainty that surrounds the subject of prace elasticity,

particularly £0r renters.

Experamentally created variations in housing prices—-—the result of rent
rebates offered Percent of Rent households--have the potential to reduce

that uncertainty cconsiderably for three main reasons. Farst, the percentage
price reduction applies to all housing egually. Thus the price of every unat
is reduced by the same proportion, so that the effect of a proportional change
in praces can be estimated without having to know the base price of housing.
Second, assignment of houscholds to the Percent of Rent zebate groups is
random, so that the "price” of housing created by the rebate should not bhe
correlated with household characteristics that influence housing consumption,
thereby alleviating one of the more seriocus preoblems associated with usaing
conventional housing praice indices in demand stud1es.2 Thard, the range of
price variations resulting from the subsidy is large relatave to variations
in such housing prace indices as the BLS index; thus housing consumption
responses may be estimated over a broader range of prices than has been typa-

cal of nonexperamental analyses.

Experimental data present their own problems, however., The limited duration

of the Demand Experiment may have affected household response to the allowance

lNelson found a prace elasticity for homeowners of about -0.3. Other
analyses of housing praice elasticities for homeowners have estimated values
of -0.3 (Carliner, 1973), -0.8 to ~0.9 (Maisel, Burnham, and Austain, 1971},
and ~0.7 to -0.8 (Muth, 1971). The last two analyses were based on Federal
Housing Admanistration {FHA) data on individual homeowners, and the first on
the PSID.

ZAS noted above, because measurement errcrs 1n conventional price
indices are likely to be systematically related to household characteristics,
their use in estimating demand functions can result in biased price elastic-
ity estumates.
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payment. In addition, attration from the sample may create problems of bias
due to possible self-selection, resulting in a petentially noncomparable con-
trol group. Firnally, households may masunderstand the rebate, and thus not
respond completely. Such issues are examined in more detail in Chapter 6.
While the evidence presented is not conclusive, it suggests that these poten—

tial problems were not in fact important,

The relationship between income and housing consumption has received consad-
erable attention in recent empirical analyses of housing demand. 2an impor-
tant review article {deleeuw, 1971) cited several analyses that estimated
income elasticities greater than one (indicating that housing consumption

15 highly sensitive to income changes), and only one analysis that found

an income elasticity less than one (Lee, 1968). Since deleeuw's review,
however, many analyses have indicated income elasticaties less than one; and
ne recent analysis has indicated an income elastacity for renters even
approaching cne. Some analyses, an fact, have indicated income elasticities
as low as 0.1 and 0.3 {(Kain and Quigley, 1975; Li, 1973; and Nelson, 1975).
Several cthers have indicated elasticities from 0.4 to 0.6 {Carliner, 1973;

Fenton, 1974; Lee and Kong, 1977; Mayo, 1973; and Straszheim, 1976).

The major source of the discrepancies between the results of the analyses
reviewed by deleeuw and of subsequent analyses 1s the level of aggregation
of the data. Nearly all of the analyses cated by delLecuw used data aggre-
gated to at least the Census tract level, and most were based on Standard
Metropolitan Statistical Area {SMSA) averages. The subseguent analyses have

been based on individuoal household data.

Three recent analyses have indicated that biases 1n estimated income elastic-
1ties may be severe as a result of using aggregate data. In one (Maisel,
Burnham, and Austin, 1971}, demand functions were estimated for homeowners
using FHA data~--first for individual households, and then for SMSA averages
of the same households. The disaggregated data produced an income elasticity
estimate of about (.45, whereas the SMSA-~average data produced an elasticity
of about 0.%. Polinsky (1977) argues that aggregation cof the data and mas-
specification of demand relationships combine to account for the differences
between income elasticity estimates using household data and those using
aggregated data., He suggests that an appropriate value for the income elas-

ticaity is about 0.75, although the figure could be higher for homecwners and
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lower for renters. Welson (1975), using data on individual households, estai-
mated i1ncome elasticities (for remtezs) of about 0.28. When indavidual data
were grouped randomly, income elasticaity estimates were about 0.35. When
they were grouped according to Census tracts, income elasticities were about
0.76—-an 1ncrease of about 170 percent over estimates using individual data.
Estimated jincome elasticities may alsc be biased by errors in measuring
househeold income. In particular, 1f households make decisionsg about hous-
ing expenditures on the basis of expectations concerning income to be
received over a long pericd of time rather than on the basis of current
income, then some measure of "permanent" or "normal" income will be more
appropriate than current income to use mn estimating demand functions (see
Friedman, 1957), If households expect to renf a unit for an appreciable
length of time, then they are likely to base their consumption decision on

a more stable measure of i1ncome than current income, such as some permanent
income measure. Use of a short-term income measure would then be likely to
underestimate the income response, in that changes in short-run income would
lead to_houSth changes only as they are reflected in changes in long-run

{permanent} income.

In general, analyses that have used household data to estimate demand func-
tions have attempted to estimate income elasticities with respect to permanent
income rather than (or in addition to) elasticities with respect to current
income. The metheds used have varied greatly and have generally tended to

be somewhat ad hoc. Twe alternate income measures are examined in this
report——-current income and income averaged over three years, the latter

2
chosen to approximate "permanent" 1ncome.

lThere may be biases in estimates from heouschold data as well,
Polinsky (1977), for example, argues on theoretical grounds that many such
estimates of income elasticities are based as a result of improper specifi-
cation of housing price, that 1s, by using a metropolitan areawide 1ndex
instead of an cobservation-based one. Since the Demand Experiment uses
observation-based price variations, this 1s not a concern. TFurthermore,
empirical work by Polainsky and Ellwood (1977} suggests that despite the
theoretical argurent of Polinsky, the estimate of income elastaicity i1s
virtually unaffected by inclusion ¢r exclusion of a price term.

2

An addaticonal measure of permanent income--cne based on income
predicted from an instrumental varlable regressicn using SQCLOECONOMLC
characteristics--was tested but gave results similar to the average income

measure. See Mayo (19277} for results using instrumental variables to estai-
mate permanent income.

54



3.4 THE PLAN ¥OR THE REST OF THE REPORT

The major empirical results from the analysis of housing response to rent
rebates are contained in the following two chapters. Chapter 4 shows how
price and income elasticities can be estimated using the experimental per-
centage rebate as a price term and two measures of income--current and
average income. It then presents the results for the housing expenditure
equations, for both the log-linear and the linear {stone-Geary) formulatieons.
In addition, the effect of demographic variables is discussed in detail.
Chapter 5 focuses on responses in terms of housing services and normative
physical standards. Housing services are measured by an hedonic index—-a
weighted sum of numercous housing and neighborhood attributes. A discussion

and analysis of problems and 1ssues specific to experimental data are pre-

sented in Chapter 6.
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CHAPTER 4

EMPIRICAL ESTIMATES OF
HOUSING EXPENDITURE FUNCTIONS

Chapter 3 presented consumer demand theory and applred 1ts hypotheses to
housing. This chapter analyZes responses to rent rebates withan that
framework, using the sample of Percent of Rent and Control households, and
presents estimates of elasticities of demand. Section 4.1 presents the
empirical specifications of the housing demand functions descraibed in
Chapter 3. Section 4.2 describes the estimated model of housing demand,
focusing on households that moved during the fairst two years of the Demand
Experiment. The effect of demographic variables on housing expenditures is

discussed in Section 4.3.

4,1 EMPIRICAL SPECIFICATION OF HOUSING EXPENDITURES FUNCTIONS

This section provides the empirical specification for the log-linear and the
linear housing expenditures functions. The log-linear housing expenditures

function 1g written as

(1) la(R) = ln(pHH} = 80 + Blln(Y) + (l+82)ln(pH),
where
R = housing expenditures
Py = price of housang
H = guantity of housaing, and
¥ = household income.

The coefficaients Bl and 82 are interpreted, respectavely, as income and price
elasticities of demand for housing. Equation (1), however, i1ncludes one
important variable, Py which 1s not observable on the household 1evel.l
However, because of the experimental variation in prices due to the Percent

of Rent rebates, 1t 1s not necessary to cbserve Py-

lAs discussed in Section 3.3, several researchers have caircumvented
this procblem by using the Bureau of Labor Statistics housing budget index
computed on a metropolitan basis as a proxy for housing price. However,
Pelinsky (1977) has shown that such a proxy 1s theoretically likely to leagd
to biased estimates of both income and price elasticities.
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As shown 1n Chapter 3, the price of housing faced by Percent of Rent recip-
rents changes from Py to (l-a}pH. Substituting (l—a}pH for Py 1n Equation
(1) gaves

(2) ln[(lva)pHH] = 80 + Blln(Y) + (l+32)ln[{l—a)pH].

Eguation (2} can be rearranged as
{3 ln[{l—a}pHH] = [60 + (l+82}ln(pH)] + Blln{Y)
+ {l+82}ln(l—a).

Equation (3) 1s in texrms of net rent. An alternative 1s to transform the
equation to be in terms of gross rent. Subtracting ln{l-a) from both sides

of Equation {3) yields
(4) ln(pHH) = [BO + (l+82)ln(pH)] + Slln(Y) + len{l—a).

Here, the dependent variahle 1s the logarithm of the actual (gross) rent.
The only dirfference in parameters between Equations (3) and {4) 1s the
coefficient of In(l-a). In Eguation (4}, the coefficaient of 1n(l-z) is
equal to the price elasticity of housing demand, whereas in Equation {3) it

15 egual to one plus this price elasticity.

Equation (4) contains the unobservable variable, Py the price of housing
services. In order to be estimated, the eguation must be rewritten in

terms of observable variables as
{5) In(r} = 80 + alln{Y) + len(l—a) + £,

where1

Ba [80 + (l+82)ln(pHJ]r and

£ & stochastic error term.,

As long as Y and (l-a) are independent of the unobserved variable Py the
parameters of Equation (35) may be estimated using an Ordinary Least Squares
(OLS)} regression. Experimental houscholds were assigned to rent rebate

categories at random, assuring that the "a" level i1s stochastically

If the relative price of housing differs across sites, the estimated
constant term will differ since i1t 15 a function of that uncbserved variable.
If p, differs within sites as suggested in Chapter 3, variations around the
mean are included in the stochastic term, &.
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1
independent of the unobserved price Ppy- Likewise, there i1s no reason to
believe that income 1s significantly correlated with the overall unit price

of housing services.
The linear housing expenditures function i1s written as:

(6) R =pH =2+ BY + Cp,,

Py
where the coefficients can be interpreted in terms of the parameters b, 81,
and 82 of a Stone-Geary utility function (presented in Chapter 3, Equation
{23})):

b = B, )
_c

8, =13 - and
-3

8, = 3* .

Rent rebates can be introduced in a way identical to the log-linear case.

Replacing py with (l—a)pHH in Eguation (6} yields,
rd] (l—a)pHH = A + BY + C(l—a}pH.

An equation in terms of gross rental expenditures 1s obtained by dividing

both sides of Eguation (7) by {l—a):3

1 Y -
{g) -R—pHH~A(1:—a') +B(1—_a)+c + £.

lThe Percent of Rent plan with a 60 percent rebate was only offered
to households in the lower third of the income dastribution of the eligible
population, while the 20 percent plan was only offered to househelds in the
upper two-thirds. Since income 15 included as a variable in the demand equa-
tion, thas will not bias the results (assuming that the form of Equation (5)
i1s correctly specified).

2Some models of resaidential location have implied that Py and Y are
negatively correlated (that i1s, higher zncome households pay less per unit
of housing than lower income househclds}. In that case, Sl would be mis-
estimated. This particular objection 1s not applicable here, saince those
location models separate locational attributes from housing serwvices. In the
analysis presented above, the commodity "housing" includes lccation and
accessibality. If minorities pay more for a gaven housing unit than do non-
minoraties, then income and py may be correlated because income and race
are usually correlated. Merraill (1977), however, found no evidence of any
large price differences in the Demand Experiment sites.

3Note that C” = Cpyg = pHel(l—b). The term PHSl can be interpreted
as the dollar value of ©;. Since H, the "guantity of housing servaces," is
an abpstract measure, its units can be defined so that py = 1.
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In Equaticn (8), the temm 1/{1l-a} enables estimation of the parameters of
the Stone-Geary utility function (b, 81, and 62), uging individual house-
hold data.

Introduction of the rent rebates also modifies the formulas for the price
and ancome elasticities of demand (Equations {11) and (12} of Chapter 3).
The price elastrcaity becomes

" ~({a + BY)
p A+ BY + c7(1-a)

(9) T

and the income elasticity becomes

3 BY
y A+ BY + C7{l-a)

(10) n

4.2 ELASTICITY ESTIMATES

This section presents estimated price and income elasticities based on Percent
of Rent and Control households. Both the log-linear and linear specifications
described in Section 4.1 are used. The section begins with estimates baged on
all Percent of Rent and Control households still enrclled in the experiment at
the end of two years.l The discussion focuses on the similarity of the esta-
mated log-linear and linear forms. The similarity of estmmates for the two

srtes and differences from estimates 1 other analyses are also noted.

The sectron then turns toc estimates based on households that moved during the
experimental period. BAgain, the two specifications give very similar results,
and the estimated elasticities for the two sites are almost i1dentical. &
pooled site eguation i1s then estimated and further alternative specifications
examined. Finally the estimated income elastacities based on the nonexperi~
mental variations in household 1ncome are compared with estimates obtained

uwsing the sample of Unconstrained households, which received an experimental

income supplement.

Two income variables were used in estimation=—-a current income measure and
a permanent 1ncome measure (three-year average income). Since the theoreti-
cal arguments reviewed in Section 3.3 suggest that response to the average

ncome measure 18 more interesting as i1t reflecis longer—term adjustments,

lPotential bias from attrition is examined in Section 6.2.
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average income will be discussed in the text.l Table 4-1 presents the esta-
mated price and income elasticities in the overall Percent of Rent and Control
sample, for both the log-linear and the linear models.2 The log-linear speci-—
fication éonstralns each elasticity estimate to a single value for all ranges
of income and pr:.ces.3 By contrast, under the linear specification the elas-

ticities vary with price and income.

The two numbers presented for comparison represent derived linear price and
income elasticities. They are computed from the estimated parameters of the
linear demand function using the mean monthly income and mean relative
price, (l-a), for the sample, and also the mean of the elasticities computed
for individual households.5 Even though the linear elasticities rise (in
absolute value) with income, the mean linear elasticity is close to the log-
linear estimate. “That the linear and log-linear estimates are so close for
the low-income Demand Experiment population suggests that if a single elag-
ticity estimate 1s needed, the log-linear demand function provides a
reasonable approximation for the mean of the sample. Accordingly, 1t will
be focused on for much of the rest of the report. For some applications,
one should nevertheless realize that the log-linear price elastrcrty esti-

mate may be affected by the level and d&stribution of income in the sample.

l'I'he carrent income estimates are presented in aAppendix X. If house~
holds respond less to a temporary change in income than to a permanent change,
the estimated current income elasticities will be smaller than the permanent
elasticities. The estimated current elasticities are indeed somewhat less
than those estimated for average income.

2 . .

Appendix Tables X-13 and ¥-14 present the demand function estimates
for the log-linear and linear models, respectively. HNeither the linear nor
the log-linear form fit the data bettexr in both sites (using actual rent).

3A log~linear equation was also estimated using ln{income) and five
dummy variables (for the five different percentage rebate levels) instead
of the term In{l-a). In both saites, the F-tests suggest that the specifi-
cation with the five dummy variables 1s not preferable to the one with the
term in{l~-a}; the P-statistics were less than 1.0 (see Appendix Table X-15).
A different method for computing response based on normal behavior is
presented in Appendix VI.

4
Except for the special case of unitary elasticities.

SSlnce the linear elasticities are computed from ratios of the para-~
meters obtained from the estimated demand eguation, their variance does not
exigst 1f the error term, and hence the estimates, are normally distributed.
An approximate asymptotic variance can be computed, however, based on the
asymptotic distribution of the estimators (see, for example, Kmenta, 1971,
pp. 444-445). The standard error of the mean of the elasticities is reported
also.
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Table 4-1

PRICE AND INCCME ELASTICITY ESTIMATES

FOR THE OVERALL SAMPLE

ETASTICITIES

PITTSBURGH

PHOENIX

ELASTICITY ESTIMATE

ELASTICITY ESTIMATE

Price Elasticity

Log-linear -0,178%% =0,234%%
{0.038) (0.049)
Linear
At mean income =0, 164*=* ~0.,213%%
and price® {0.042) {0.051)
Mean of andividual ~0,172 ~0.211
estimates (0.005)° (0.007)€
b
Income Elasticity
Log-1linear 0.333%* 0.435*%
(0.028) (0.032)
Linear
At mean 1ncome 0,291 %% C.377%
and price (0.021) (0.024)
Mean of i1ndividual 0.323 0,404
estimates (0.006) € (c.008)°
SAMPLE SIZE (o74) {532)

SAMPLE: DPercent of Rent and Control households active at two years
after enrcllment, excluding those with enrollment incomes over the eligi-
bilaity limits and thoge living in their own homes or in subsidized housing.

DATA SOURCES: Initial and monthly Household Report Forms, payments
file, Appendix Tables ¥-13 and x-14.

NOTE: Standard error in parentheses.

a. Mean monthly household income = 5417 for Pattsburgh and $434 for

Phoenix. Mean price = 0.75 for paittsburgh and 0.77 for Phoenix,
b. Three-year average income 1is used here as a measure of permanent

INCOME.

¢. Standard error of the mean.

** t-statistic significant at the 0.0l level.
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It 1s difficult to distanguish the two forms. Figure 4-1 shows predicted
rent 1n each site as a function of price, using the estimated log-linear and
linear expenditure functlons.l Only for very high and for very low 1ncomes
do the curves diverge, and then only for low rebate levels (the mean
menthly average income was $417 ain Pittsburgh and $434 in Phoenix). Figure
4-2 compares predictions as a function of income, controlling for the price
level. BAgain, predicted values are generally close, beginning to diverge

only for hagh incomes,

The linear specification, allowing interpretation of the parameters as
Stone-Geary parameters, 1s theoretically appealing as the demand function
can be derived from a known utility function (see Chapter 3). Plausible
estimates do result when individual household data are used for estimation.
However, the estimates were not constrained to satisfy (and for a good part
of the sample do not satisfy) the utility Ffunction constraint, R z_pHBl.
The price elasticity point estimates for the total sample are about -0.18
in Pittsburgh and about -0.23 in Phoenix; the income elasticity estimates
are about 0.33 in Pittsburgh and 0.44 in Phoenaix. Both the price and income

elastrcity estimates are 1n the lower range of estimates reported in the

economic literature (see Section 3.3). The income elasticaty estimates,

lThe predicted rent for the linear form iz simply [from Equation (8)]

n__a l Eal Y ]

(1) R—A(l_a) + B(l_a + €.

For the log-linear form, predicted rent i1s [from Equation (5)]
-y,

_.A'I' o e -,
(11} 1nr = BO + Bl In(y) + B, in(l-a}
and
N N 1~y
{121) R = explln(R) + 3 UEI
where 02 is the estimated variance of the log-linear error term. Thas

predlctgr follows from the fact that 1f Z 1s lognormally distributed, the
expected value of 2 1s

(1v) E{Z2) = explu + %-&2],

where u and g2 are the mean and variance, respectively, of 1n(2). (See
Hastings and Peacock, 1975, pp. 84-89.)
2

The estimates of pHGl were $134 in Pittsburgh and $148 in Phoenaix
while the mean rent for Control households at two years was $134 in Pitts—
burgh and $144 in Phoenix. The estimated demand function represents a rela-
tionghip descrabing a “representative™ household's taste for housing, IFf
tastes differ across households, then 1t 1s not surprising that the constraint
is not satisfied for all households.
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Figure 41 (continued)
EXPENDITURE FUNCTIONS: RENT VS. PRICE
{Phoenix)
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though low, are more closely comparable to estimates in the literzture than
are the price elasticity estimates.l Indeed, among the studies cited in
Chapter 3 based on individual houschold data, three found lower income elas-—
ticities (1in the 0.1 to 0.3 range} and five found higher ones (in the C¢.4 to
0.6 range). In contrast, estimated price elasticities have ranged from -0.1
to -1,9, with most studies giving values of -0.7 or lower. BAs noted in
Chapter 3, nonexperimental estimates of price elasticities are hampered by
problems involved 1n estaimating price differences across citiles or over time,
Thus the estimates provided by the Demand Experiment would appear to be more
reliable, Chapter & discusses some reasons why the estimated price elastici-
ty might be biased downward from the true elastaicity, though no evidence of

bras can be found.

The similarity in estimates between the sites 1in both income and price elas-
tJ.c:Lty2 15 somewhat in contrast to the findings reported by Mayo (1977} using
preliminary, first-year data from the bDemand Experiment. He found a somewhat

3
lower praice elasticity in Prtisburgh.

Selection of Movers

The entire sample of renters may not be the best sample to use to estimate
the demand functions. The housing demand and expenditure functions discussed

in Sections 3.1 and 3.2 were in theory based on the household's choice of

l'I‘he lineaxr specification suggests that elasticaities will be lower
for lower-income populations. However, the estimated coefficients for the
linear expenditure function indicate only small differences in elasticities
over a considerable range of income. The median income for the U.S. renter
population in 1975 was $7,900 {Annual Housing Survey, 1975}, while the median
income of households in the Demand Experaiment was $4,578 in Pittsburgh and
$5,199 1n Phoenix {using the Census definition of incomel. The implied
elasticities from the linear form at the U.S. median income (with no rent
rebate) are only:
Plttsburgh Phoenix
PriC€ sveeseeersnonananes -0.23 -0.29
INCOME. et v vieranuensnsnns 0.32 0.40

2
Despite the similarity of estimated coefficients, the hypotheses
of homogeneity for the two sites is rejected (see Appendix Table X-15).

3Mayo's estimates (based on two-year average income) were =-0.10%8
in Pittsburgh and -0.234 in Phoenax for the price elasticity, and 0.338 in
pPittsburgh and 0.400 in Phoenix for the income elastaicaty (p. 81). The
somewhat larger price elasticity shown in Table 4-1 largely reflects further
changes in expenditures during the second year of the experiment. For
detairls, see Appendix IX.
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optimal, uwtiality-maximizing, amounts of housing under the implicit assumption
that the search and moving cogsts of adjusting housing consumption to changed
household circumstances are negligible. However, these costs may be signifi-
cant, Households may not adjust i1mmediately to correct inbalances in their
consumption of housing and nonhousing goods. Thus, unless they have moved
recently, they may not be consuming their des:red amount of hou51ng.l Such
devaiaticons may involve both over- and underspending for housing and might
tend to cancel out in general. Howewver, the price changes created by the
rent rebates were in one direction. ‘Thus estimates of price elasticities
based on all households may underestimate the true elasticity. This suggests

that 1t 1s desirable to estimate a separate demand function sclely for movers.

If renters generally adjust their housing by moving, then households that did
not move would be expected to show little change in housing expehdltures n
response to the Percent of Rent rebates.2 As these housecholds move, they may
respornd more like the househclds that moved during the experimental perlod.3
Thus, estimates for movers may provide a better estimate of the underlyaing
demand function and the eventual response to a rent rebate than would esti-

mates based on the entire sample.

The 1dea that the psychological and financial costs of moving may lead some
households to consume nonoptimal amounts of housing for long periods of time
(see, for example, Muth, 1974) raises several other issues relevant to the

estimation of demand functlons.4 Thus, for example, households may attempt
to base their current housing purchases on their best notion of what thezir

income and prices are likely to be over some period of time., In particular,
they mght either adjust slowly to the price changes offered by the Percent
of Rent rebates or they might discount these rebates because the experiment

lasted foxr only three yeaxs, These factors wounld suggest that even the

1SOme adjustments may be made by repairs or alterations to the house-
hold's current unit, without moving., These entail their own A fficulties and
in any case are likely, for renters at least, to be confined to relatively
mnor items.

2
Nonmowers' rental expenditures may change due to inflaticn or as a
result of landiord improvements to the dwelling unit.

3
Evidence developed by MacMillan (1978) suggests that most low-income
renter households will move within a period of five years.

4 . . .
Appendix VII explores the implications of housing disequilibrium
and moving costs for mobility.
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responses of movers chserved during the experiment might be lower than the

eventual response to a permanent progrant.

On the other hand, households that move may have the greatest long-run re-
sponse to the rent rebate offer and hence the greatest incentive to adjust
their housing. This would mean that the responses of movers would tend to
overestimate the eventual response to a long-term program. Chapter 6 dis-
cusgses these and other i1sswes 1n the analysis, and dewvelops evidence that
they do not in fact pose serious problems in using househeolds that moved to

estlmate household responses to changes in price and aincome.

Table 4-2 presents the elasticities estimated for the sample of households
moving between enrcllment and two years after enrollment. The estimated
point elasticities for price are ~0,21 in Pittsburgh and -0.22 in Phoenax,
while for income, they are identical: 0.36 in both sites. The site
similarity 1s striking, especirally since Mavo's (1977) results for movers
using first-year data showed a markedly lower price elastaicity in Plttsburgh.l
Indeed, the close samilarity suggests that one demand equation can be esti-

mated for the entire mover sample {pooled across the sites).

When a saite~gpecific intercept 1s allowed, the hypothesas that price and

2
income elasticities are the same in the two sites 1s not rejected. {The

1
Mayo's estmates for first-year movers of the praice and income .
elasticities of demand based on two-year average income are (p. 82)

Paittsburgh Phoenix
Price elasticity -.045 -.354
Income elasticity . 365 .348

The difference in the price elasticity estimates 1s largely due to the
behavioxr of movers during the second year of the experiment (see Section
6.1). Por further details, see Appendix IX.

2

A site-specific antercept allows housing and nonhousing praces to
vary between the sites. This can be seen by rewriting Eguation (1) for
each site separately, including the price of nonhousing goods {pz):

DPGH
(2) In(R__) = B+ B Inf—— \ + g. In 7B
Roge’ = Bo * By 05w 8y PGH
Py Pg
+ ln(pEGH (PTTTSBURGH)
and HX
v o
(12) IRy} = By + By Inf g} + By In[ —Hpy
Py, Py
+ 1n (pEHX) . (PHOENIX)

{footnote continued)
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Table 4-2

PRICE AND THCOME ELASTICITY ESTIMATES
FOR THE MOVERS SAMPLE

PITTSBURGH PHOENIX
ELASTICITIES ELASTICITY ESTIMATE ELASTICITY ESTIMATE
Price Elasticity
Log-linear ~0.211%% =0,2]19%%*
(0.063) (0.059)
I.inear
At mean income -0.222%% -0.198**
and price? (0.069) (0.061)
Mean of indzvidual -0.227 c -0.216 c
estimates (0.008) {0.008)
b
Income Elasticaty
Log-lineaxr 0,363%% O.364%**
(0.052) {0.042)
Lineaxr
At mean income 0.375%% 0,330%%
and price {0.038) (0.029)
Mean of aindaividual 0.403 c ¢.380
estimates {3.011) (0.010)c
SAMPLE SIZE (2386} {292)

SRMPLE: Percent of Rent and Control movers active at two years
after enrollment, excluding those with enrollment incomes over the eligi-
bility limats and those living in their own homes or in subsadized housing.

DATA SOURCEE: TInat:ial and monthly Household Report Forms, payments
file, Appendix Tables X-13 and X-14.

NOTE: Standard error in parentheses.

a. Mean monthly household income-= $416 for pittsburgh and $430
for phoenix. Mean price = 0,75 for Pittsburgh and 0.80 for Phoenix.

b. Three-year average income i1s used here as a measure of
permanent income.

¢. Standard error of the mean.

¥%  t-statastic sagnificant at the 0.01 level.
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hypothesis of homogeneity of all regressicn coefficients in the two sites
{including the intercept)} was rejected.) The price elasticity estaimated by
this pooled log-linear regression with different site intercepts ais -0.22,
and the ancome elasticity is 0.36, both significantly different from Zero at

the 0.0l level {see Table 4-3).

The linear form of the expenditures equation requires that price and income
elasticities increase as income rises {except for the case of unitary elas-
ticities). As a further test for nonconstant elasticities, the sample was
split 1n half according to average income and a log-linear expenditures
egquation estimated for each half. The results for the elasticities are
summarized in Table 4-4. The estimates for each half are cleose {all house-
holds are of course relatively low-income). The price elasticities for

both sites are slightly higher for the upper half of the income distribution.

The income elasticities are larger for the higher income group in Phoenix

{footnote continued}

Rewrating Equation (11) in terms of Pittsburgh prices and rearrangaing terms

{111) ln(RPHX} = BO + Bl In(¥)
PGH PGH
+ (148, 1n{pr° )- (8,+8,) 1n(pZG )
PHX PHX
(148 Inf -2 6 16y 1n|-Z
R, vor |~ {ByTRy Inj—my
Py o,

Subtracting (1) from (111), the difference between the logarrthm rent 1in
Phoenix and in Pittsburgh for the same household is

PHX PPHX
Z

(1v) ln(RPHX) - 1!’1(RPGH) = (1+82} in —"Eé-ﬁ- (Bl+82) In PPGH
H Z

This should equal the coefficient of the dummy varaizble included to represent
Phoenix prices. The approximate ratios of housing and nonhousing prices are
avallable from the BLS City Worker intermediate budgets for 1975 for Pittsburgh
and from Inside Phoenix 1977 for phoenix. {The latter only reports total
housang budget rather than the mere desirable total rental budget.) These
ratios are 1,028 and 0.955 for housing and nonhousing prices, respectively,
mplying a sate-specific intercept 0.029 higher in Phoenix. The actual estai-
mate was 0,098 with a standard@ error of 0.026, a good deal larger. If the BLS
data for total housing underestimate the ratio of rental prices and the true
ratic 1s in the range 1.05 - 1.10 (as computations by Merrill, 1977, p. 114,
suggest) , then the amplied coefficient would be between 0,045 and 0.082, closer
to the estimated coefficient.
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Table 4-3

PRICE AND INCOME ELASTICITY ESTIMATES
FOR THE MOVERS SAMPLE
(Pooled Sites)

ELASTICITY ESTIMATE
Price elasticity {log-linear) -0.216%*
(0.043}
25 percent confidence interval [—0.3012 ~0.131]
Income elast1c1tya {log-linear) 0.364%*%
(0,033)
95 percent c¢onfidence interval [0.299, 0.429]
SAMPLE SIZE {528)

SAMPLE: Percent of Rent and Control movers active at two years
after enrollment, excluding those with enrollment incomes over the
eligablity limats and those living in their own homes or in subsidized
housing.

DATA SOURCES: Initial and monthly Household Report Forms, payments
file, Appendix Table X-16.

NOTE: Standard error in parentheses.

a. Three-year average income :s used here as a measure of permanent
1NCOME .

** t-statistic saignificant at the 0.0l level.
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Table 4-4

DEMAND ELASTICITIES USING SAMPLES STRATIFIED
BY MEDIAN MONTHLY INCOME

PITTSBURGH PHOENIX
LOWER HALF UPPER HALF LOWER HALF UPPER HALF
oF INCOME OF INCOME OF INCCME OF INCOME
ELASTICITIES DISTRIBUTION DISTRIBUTION DISTRIBUTION DISTRIBUTION
Price elasticity -0.167%* -0.268%* —0.218%* -0.222%*
(0.082) {0.010) (0.081) (0.087)
Income elasticity 0.439%% "0.427%% 0.357** 0.415%*
{0.121) (0.123) {0.096) (0.129)
SAMPLE SIZE (118} (118) {136) {156)

SAMPLE: Percent of Rent and Control movers actiwve at two years after enrollment, excluding those
with enrollment incomes over the eligibility limits and those living in their own homes or in subsidized

housing.

DATA SCURCES: Initial and monthly Household Report Forms, payments file, and Appendix Table X-17,
NOTES: Standard errors in parehtheses. Median income was $378 per month in Pittsburgh and $415 per

month in Phoenix.
*  te-gtatistic signifaicant at the C.05 level,
*% t-gtatistic sighificant at the 0.01 level.




and smaller 1n Pittsburgh, None of the differences is larger than the error
of estimate, A log~linear spline functicn that allowed the estimated income
coefficient to differ for each half of the income distribution was also estai-
mated.l The results showed no significant difference in elasticities at drf-
ferent income levels, at least within the income range of experimental house-—
holds (see Table 4~5}., Further investigation of a sample showlng wider income
variability would be useful.

Unconstrained Households

bPayments to households i1n the Unconstrained plan were designed to equal the
difference between the estimated cost of modest, existing standard housing
for their household size, and 25 percent of their 1ncome.2 Recipients were
free to spend the payments, which were unrelated to their actunal housing,

as they wished. Thus, the payment's effect on housing expend:tures

provides dairect evidence on the way an unconstrained income transfer payment
is likely to be allocated to housing. Because of the direct functional rela-
tionshap between household income and the unconstrained allowance payment, a
housing expenditure function should not be used to estimate directly the

expenditure elasticity of an income transfer payment.3

1

A spline function permits the estimated elasticity to vary smoothly
from one regression regime to another without a discontinuity. The spline
function estimated was

In(R)

]

B + By In(¥) + Bi DIA(Y) - In(¥)] + g 1n(1 - a)

where D = {0 2£ Y S s
1i1f ¥ > ¥, and
; = median ilncome.
Fur a further explanation of spline functions, see Suits, et al (1978).
2The payment formula was

S =0C% - 0.25y

where
S = monthly payment
C* = estimated cost of modest, existing
standard housing, varied by house-
hold size, and
Y = monthly household income.

For example, in the linear expenditure function R = ¢ + BY + +S,
5 and Y are definitionally related through the payment formula.
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Table 4-5
INCOME ELASTICITIES USING SPLINE FUNCTION

PITTSBURGH PHOENI X
HOUSEHCOLD GROUP INCOME ELASTICITY INCOME ELASTICITY
Lower half of 0,375%* Q,342%*
income distribution (0.103) (0.077)
Upper half of a 0.351% 0.395%
income distribution {0.158) {C.145)
SAMPTLE STZE {238) (292}

SaMPLE: Percent of Rent and Control movers active at two years
after enrollment, excluding those with enrcllment incomes over the eligi-
bility lamits and those living 1n their own homes or in subsidized housing.

DATA SCURCES: Initial and meonthly Household Report Forms, payments
file, and Appendix Table X-18.

NOTES: Standard errors in parentheses. Median income was $378 per
month in Pittsburgh and $415 per month in Phoenix.

a. The difference in elasticity is not signifaicant.

* t-stataistic significant at the 0.05 lewvel.

*% t-statistrc significant at the 0.01 level,
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Several tests were carried out to see whether the Unconstrained households
treated the payment as income and, 1f so, whether their response to income
changes was the same as the income response estimated for Percent of Rent
and Control households. FPirst, rent for Unconstrained movers at two years
was predicted using the log-linear demand eguations estimated for Percent
of Rent and Control movers treating the allowance payment as in¢ome--the
fit was as good or better than for Percent of Rent and Control households.l
Next, two log-linear dewmand equations were estimated for Unconstrained and
Control movers, first to test whether a dummy vaxiable for Unconstrained
households indicated a further experamental effect when the allowance pay-
ment 15 1ncluded an the income variable, and second, to test whether the
income elasticity differed between Unconstrained and Control movers. The
results are presented in Table 4-6. 7The estimated income elasticities
{using average inccme) are 0.29 in Pattsburgh and 0.34 in Phoenix, not
significantly different from the estimates obtained for Percent of Rent and
Control movers. Furthermore, the separate variables allowing for differences
in the level and income elasticity of housing expenditures between Uncon-
strained and Contreol households were not significant. This suggests that
the responses of Unconstrained households are adequately characterized in

terms of additions to income that are treated like any other income.

Finally, a model used by Hymans and Shapiro (1974) to investigate the elas-
ticaty of food expenditures with respect to transfer income, was estimated.
In that model, the composition of income i1s assumed to affect the elasticaty.

The expenditure equation, adapted to the present case, is

(1) In{r} = Gg + alln(Y+S)

where Y is average income, and S 1s the allowance payment, and

2
(12) @ =my + n2(§1§Jr

where nl 1s the elasticity waith respect to average income, and n, measures
the extent to which the income elasticity changes with changes in the com-

position of income.

lFor Unconstrained movers, the R2 equaled 0.22 1n Pittsburgh and ¢.41

in Phoenix compared to 0.18 and 0.23, respectively, for the combined Percent
of Rent and Control housechold sample.

79




Table 4-6

ESTIMATES OF A LOG-LINEAR DEMAND EQUATION

WITH UNCONSTRATNED HOUSEHOLDS

PITTSRURGH PHOENIX

DUMMY DUMMY

VARIABLE INTERACTION { VARTABLE INTERACTION
INDEPENDENT VARIABLE MODEL MODEL MODEL MQODEL
Constant 3.172%% 3.176%% 2.960%% 2,96]%*

{0.475) (0.474) {0,407) (C.408}
ln(lncomea + payment) 0,292%#* 0,292%% 0,340%%* 0,340%%

{0.078) {0.078) (0.067) {0.067)
Unconstrained household 0.029 - 0.067 -

(0.067) {0.074)
Unconstrained household
¥ In(income + payment) e 0.005 - 3.010

{0.011) (0.012)

Adjusted R2 0.110 0.110 0.169 0.168
Sample Size (116} (116) (144) {144}

SAMPLE :

Unconstrained and Control movers active at two years after

enrcllment, excluding those with enrollment incomes over the eligibilaty
lmits and those living in their own homes or in subsidized housing.

DATA SOURCES:
rayments file.
NOTE :

Standaxd erxor in parentheses.

a. Income measured as average income.
** t-statistic significant at the 0,01 level.
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If households respond tc the allowance payment as they would to income, .,
should equal zero, When estimated, the null hypothesis, HO:n2 = 0, could not
be rejected in erther site, confirming the sarlier finding that househeolds
respond to the payment as they would to income from other sources.l The
estimates of the income elasticity were 0,28 in Pittsburgh and 0.35 in
Phoenix, once agamn not significantly different from the estimates for

Percent of Rent and Control movers.

In sum, 1t appears that low-income households do respond to both rent rebates
and inceme subsidies by increasing their housing expenditures. In response
to a 10 percent decrease 1n prices, these households, when they move, will
increase their expenditures on average by approximately 2.2 percent. In
response to a 10 percent 1increase in income, these households, when they
move, will increase their expenditures on average by approximately 3.6

percent.

4.3 DEMOGRAPHIC VARIABLES AFFECTING DEMAND FOR HOUSING

The preceding two sections discussed price and income elasticities based on
houszing expenditure functions that included only price and income as inde—
pendent variables. Other variables may also affect housing demand, since
different demographic groups may have different relative preferences for
housing versus other goods and services. Furthermore, policy interest is
often focused on certain demographi¢ groups, in particular, minority or

elderly housecholds.

The data collected during the Demand Experiment enable detailed character-
1zation of each household in terms of demographic attributes. A comblination
of statistical tests, consideration of sample sizZes, and judgment was used
to reduce the relevant demographic characteristics to two statistically
significant and policy-relevant variables: minority status and househeld

2
composition.  Minoraty status indicates whether the head of the household

2
The estimates of ny and n, using Unconstrained and Control movers

were: Pittsburgh Phoenix
Ny 0.285 0.352

(0.082) (0.066)

(0.073) {0.051)

2Agejr sex, and educational attainment of the head of household, as
well as household size (without composition) were also tested. These had
no significant effect on the estimated parameters of the demand function
or on the overall fait when included as covariates in the same equation as
minority status and household composation.
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is a member of a minority grow {(black in Pittsburgh, black or Spanish
American in Fhoenxrx}. Household composition indicates whether the household
consists only of a single person (restricted by program rules almost exclu-
sively to elderly persons); is a single head of household (with chaldren or
other family members present}; 1s a couple {(with or without children).l
These three tvpes of household are denoted single-person, single-headed with

athers present, and couple, respectively.

Two alternative methods for determining the importance of demcgraphic char-
acteristies in the housing demand functions were used: (1) the characteris-
tics were included as variables (covariates) in the expenditure function,
thus permatting the intercept to vary, or (2} the sample was stratified to
permit the selasticities to vary as well. The results of this investigation
are discussed below for the sample of movers.2 Because the results for the
log-linear and the linear equations are very similar, only the former are
discussed, In addition, the income measure used, as in Section 4.2, is

average 1nCome.

Despite the nearly identical estimates obtained for movers in each site in
Section 4.2, the discussion starts with separate analysis for each site. Thig
is done partly for comparability with the analysis of Chapter 5 and partly
because it seemed plausible that demographic differences i1n response may exist
between the sites. In fact, different patterns of demographic effects do
emerge 1n the two sites. In the end, however, it appears that, from a statis-
tical viewpoint, the sites can still be pooled. The only consistently impor-
tant demographic difference in income and price elasticities is between mnor-

itzes and nonminorities.

1Slnce there 1s a particular policy interest in elderly households,
variance ratio tests were carried cut to examine whether the elderly and
nonelderly single-person households comprise a homogensous grouwp, that is,
whether their housing demand functions are the same. This hypothesis could
not be rejected, mainly because there were so few nonelderly single-person
households in the sample. There were too few eldexly couples to analyze
separately. Secondly, since in Phoenix the minority group consists of both
black and Spanish 2merican households, variance ratlo tests were used to
test whether there is a difference in behavior between these two minority
groups. Again, the hypothesis of homogeneity could not be rejected, probably
because the sample of black households in Phoenix iz small. Accordingly, all
single—person and all minority households are examined, rather than separating
the groups.

2 , . .

Section 4.2 discussed the reason for choosing this sample as being
more suitable for the estimation of demand functions, The results for the
overall sample are nevertheless presented and discussed in Appendix VIIIL,
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Demographic Variables as Covariates

Under this approach, demographic variables were included as dummy variables
in the demand equation. As a conseguence, only the intercepts can differ
among groups. The variables included were those indicating minority status
and household composition. Models that included just a minority wvariable,
just household composition variables, and combinations of the two were esti-

1
mated; these are presented 1in Appendix Table X-19.

Different demcgraphic varirables are important at the two sites. In Pitts-
burgh, no demographic covariate has an effect on the housing expenditures

of movers. The household composition variables increase the adjusted wvalue
of Rg slightly (this model is presented in Table 4-7), but once these varira-
bles are included in the specification, there is no Ffurther gain by addang

the minority status variables.

In Phoenix, the household composition varishles are not significant by them-
selves but minority status is. Interaction between the two wvariables is
indicated; the complete interaction model has the highest adjusted R?. This
model {also presented in Table 4-7) indicates that there 1s not much differ-
ence among nonmihority mover households in Phoenix by household composition
znd that {with the possible exception of minorxity single-person households}

minority households spend less on housing.

Complete Stratification

The covariate analysis showed that the demographic groups should hawve separate
1intercepts, The specification discussed in the covariate analysig implicatly
assumes that all the groups have the same price and income elasticities,
Stratification allows these to vary among groups. Each equation was estimated
for nonminority and mnority households, for single-person households, house-
holds headed by a couple, and for households headed by a single person with
others present, In addition, each equation was estimated for the subsamples
created by combining the minority and the household composition criteria.
These equations (presented in Appendix Table X-19) were used to test whether
elasticities differed among the groups.

1The excluded rclasses (represented by the constant term) are non-
minorities for regressions with 2 minority variable, couples {with and with-
out children) for regressions with household composition variables, and non-
minority couples (with and without children) for regressiocns with combined
minority/household composition variables,

83




Table 4-7

LOG-LINEAR DEMAND FUNCTIONS USTING DEMOGRAPHIC VARIABLES
AS COVARTATES FOR THE MOVER SAMPLE

INDEFENDENT
VARTABLE PITTSBURGH PHOENTIX
Congtant 2.540%%* 2,915%%
{0.401) (0.299}
Income elasticity 0.391*> 0.365%*
{0.064) (0.048)
Price elasticity -0,219%* -0, 226%*
{0.C64) {0.58)
Single-person households 0.031 -
(0.067)
Single head of household 0.075% -
with others present {0.043)
Nonminority single-person households - ~0.080
(0.071)
Nonminority single head of household - -0.064
with others present (0.049)
Mainoraity single-person households -~ -0.065
(0.139}
Minority single head of household - -0.105+
with others present (0.058)
Mincrity households headed by —-— —0.289%*
a couple (0,054)
Adjusted R® 0.188 0.285
Sample Size (234) {285}

SAMPLE: Percent of Rent and Control movers active at two years after
enrollment, excluding those with enrollment incomes over the eligibalaty
limits and those living in their own homes or in subsidiZed housing.

DATA SOURCES: Initial and monthly Household Report Forms, payments
file, Appendix Table X~1%.

NOTE: Standard error ain parentheses.

¥  t-statastaic signifacant at the 0.10 level.

** t-statastic signaficant at the 0.01 level.
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Analysis of minority status. In Pittsburgh, minority (black) and nonminority

households have approximately the same equziibriuvm demand for houszng. This

18 indicated by an insigmificant coefficient on the minority dumy vaz1ab1e,l
as well as by an insigmficant variance-ratio test statistic on the difference
in elasticities (see Table 4-8). Moreover, minority and nonmenority households
spent approximately the same amount on rent at enrollment (see Appendix Table
¥-20).

In Phoenix, where minority households are predominately Spanish American,
mnority and nonminorzty households appeay to have different equalibrium demand
functions. A variance-ratio test for homogeneity of the estimated elastacities,
grven different intercepts for minority and nonmincrity households, rejects that
hypothesis., Minority households in Phoenix have much lower price and income
elasticities than do nemminority households (see Table 4—8).2 Further, minority
households there start out i1n less expensive housing. The lower elasticities
found for mnor:ity households in Pheoenix appear to reflect lower elasticities
for Spanish American households in partainclar, but sample sizes are too small

to allow conclusive results. While the estimated elasticities for Spanish
American households are lower than for any other group and are not significantly
different from zero, the errors of estimate are tooc large for a conclusive find-
ing of difference. The estimates for Spanish American househelds are also not
srgnificantly different from the overall estimates {(which are significantly

different from zero).3

Analysis of household composition., In Prttsburgh, the equation with household

composition durmmy variables (Appendix Table X-19) indicated that intercepts
may vary among the three household types. Table 4-9 presents the results of
stratifying the sample by household type. A variance ratio test of homogeneity

of the elasticaties, given different intercepts, rejects the homogeneity hypo-

1See Appendix Table X-1%9.

2 \ . - ,

Note 1pn particular that the overall estimated income elasticity in
Phoenix {0.37) does not fall in the 95 percent confidence interval of the
minority estimate in that site {(0.18).

3Mayo {1977) found that minority households were at least as responsiwve
as nonminority households, and perhaps more responsive, His results depend on
the particular model used in that report--a partial adjustment model for all
households, Since MacMillan (1978) found a significant racial effect on mobil-
1ty, 1t 1s likely that Mayo's results to some extent reflect differences in
mobilaity.
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Table 4-8
EXPENDITURE ELASTICITIES BY MINORITY STATUS

PITTSBURGH PHOENIX
PRICE INCOME SAMPLE PRICE INCOME SAMPLE
HOUSEHOLD GRQUE ELASTICITY ELASTICITY SIZE ELASTICITY ELASTICITY SIZE

All households «(, 21 3%% 0.350%% (234 -Q.219%% 0.370%x* (285)
(0.064) (0.053) ({0.060) {0.043)

Normminority households =0.210%* 0.386%% (196} ~(,287%%* 0,431%% (185)
(0,069) (0.057} (0.,068) {(0.047}

Minority householdsa -0.204 0.212 {38} ~0,179t 0.177% (100}
{(C.179) (0.148) {0.105} (0,083}

b b

Black households —_—— —— =0.,255 0,224 (28)
(0.217) (0.168)

Spanish american households " -—= —— -0,137 0.133 (72)
(0.122) (0.101)

SAMPLE:

DATA SQURCES:
NOTE ;

Percent of Rent and Contrel movers active at two years after enrcllment, excluding those with
enrollment incomes over the eligibility limits and those living in their cwn homes or in subsidized housing.

Initial and monthly Household Report Forms, payments file, and Appendix Table X-21.
Standard error in parentheses.

a. A variance-ratlo test could not reject the hypothesis of homogeneity between nonminority and
mnerity households in Pittsburgh (F(2,227) = 0.5C0) but could in Phoenmix (F(2,279) = 4.42), [craitical value

= 3.00 at the 0.05 level).

b, Munority househelds in Pittsburgh are all black.

¢. A variance-ratio test could not reject the hypothesis of homeogeneity between Spanish Amerrean and

klack households in Phoenix (F (2,94) = 0.49), critical value = 3.11 at the 0.05 level).
*  t-gstatistic significant at the 0.10 level.

* t~statLlstic significant at the 0.05 lewvel.
*% t-gtatistic significant at the 0.01 level,
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Table 4-9
EXPENDITURE ELASTICITIES BY HOUSEHOLD COMPOSITICN

PITTSBURGH PHOENIX

PRICE INCOME SAMPLE PRICE TNCOME SAMPLE

HOUSEHOLD GROUP ELASTICITY ELASTICITY SIZE ELASTICITY ELASTICITY SIZE

211 households —0.213%* 0.359%% (234) —0.219%* 0.370%% {285)
(0.064) (0,053} {0.060) (0.043)

Single~person houscholds ~-0.077 0.274 (33) -Q, 245% 0,480%%* (32)
(0.189) {0.184) (0.138) {0.080)

Single-headed households ~0.156F 0.165 {98) -0.128 0,342%% (121)
wath others present (0.092) (0.202) (0.087) (0.072)

Househeolds headed by -0, 364%* 0.613%% {103) -0,327%* 0.383%* (132)
a couple (0.096) (0.090} (0.100) (0.083)

SAMPLE: Percent of Rent and Control movers active at two years after enrollment, excluding those with
enrollment incomes over the eligibilaity limits and those living in their own homes or in subsidized housing.

DATA SOURCES: Initial and monthly Household Report Forms, payments f£ile, and Appendix Table X-21.

NOTES: Standard error in parentheses. A variance-ratio test could reject the hypothesis of homogeneity
among household types in Pittsburgh (F(4,225) = 3,20} but could not in Phoenix (¥(4,277) = 1.62), (critical
valve = 2,37 at the 0.05 level),

+ t-statistrc significant at the 0.10 level.

%% t-gtatistic significant at the 0.01 level.




thesis. Examination of the estimates {presented in Table 4-9) shows large
apparent differences among elasticities by family type. Households headed by
a couple have the largest elasticities with respect to i1ncome {0.61)l and
with respect to price (~0.36) (see Table 4-9). The other two groups have
lower elasticities. Howewver, the estimated coefficients have large standard
errors, and the eguaticns have low R? (see Appendix Table X—2l}.2 Palrwise
comparisons of the elasticities among the three demographic groups showed
only one significant difference {between the income elasticities for single-

headed households and couples 1n Pittsburgh).

In contrast, though, in Phoenix, the hypothesis ¢f homogeneity of the demand
elasticities by household type cannot be rejected once the different inter-

cepts noted earlier are taken into account.

Pooling the sites was reasonable for the complete mover sample (see Section
4.2). Although the individual examination of the two sites above identified
somewhat different demographic patterns in each site, variance ratio tests
cannot reject the hypotheses that the two sites can be pooled when strati-
fied by either race or by household composition {allowing for site-specific
intercepts). Table 4-10 presents these estimated elasticities. Further,
once the sites are pooled, homogeneity across demographic groups is rejected
for race/ethnicity, but not for household types {despite the wide wvariation

in coefficients among the different groups).

In conclusion, the statistical evidence indicates that due to the fairxly
large variances of some of the elasticity estimates, the fwo sites can still
be pooled when estimates are obtained stratified by demographic groups. It
appears that manorities have smaller responses to price and income than
nonminorities., This effect 1s especially marked in Phoenix. In additacn,
while there is evidence of differences 1in elasticities across household
types in Pirttsburgh, these are not statistically significant for the pooled-

site estimates or for Phoenix alone.

lThe overall estimated i1ncome elastacity in Pittsburgh (0.36)} does not
fall in the 95 percent confidenge interval of the couple estimate in that site
(C.61).

2A further test of homogeneity with respect to household composition
1s possible within the nonminority subsample. (Such a test is not meaningful
for the minority subsample because of small sample sizes.) As with the overall
sample of movers, the hypothesis of homogeneity of the slasticities for non-
minorlty households in Pittsburgh among household types can be rejected. (The
test statistic is F(4,187) = 3.44, with a critical value of 2.37 at the 0.05

level,)
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Table 4-10

PRICE AND INCOME BLASTICITY ESTIMATES
FOR POOLED SITES BY DEMOCGRAPHIC CHARACTERISTICS

HCUSEHOLD PRICE INCOME VARTIANCE-RATIO SAMPLE

GROUP ELASTICITY ELASTICITY F“STBTISTICa STZE

all movers -0.217%%* 0.366*%* 0.017 (519)
{0.044) {C.033)

White households -0.249%% 0,413%*% 0.437 {381}
(0.048) {0.038)

Minority households -0.,183% 0.184%*%* 0.023 (138)
{0.089) (0.071)

Single-person -0.175 Q.426%%* 0.723 (65)

households {0.116) {0,083)

Single head of house- -0.137* 0.294** 0.999 (219)

hold with others (0.063) (C.058)

Househelds headed -0.327%* 0.4068%* l.665 (235)

by a couple (0.070) {0.061)

SAMPLE: Percent of Rent and Control movers active at two years after
enrollment, excluding those with enrollment incomes over the eligibaility Iimits
and those living in their own homes or in subsidized housing.

DATA SOURCES: Initial and monthly Household Report Forms, payments
file, Appendix Table X-22,

NOTE: Standard error :n parentheses, Variance-ratio tests indicate
that once pooling across sites is performed, pooling across household types
is possible (F(6,507) = 1.90, crrtical value = 2.10 at the 0.05 level) but
pooling across races is not (F{3,51l) = 9,17, critical value = 2.60 at the
0.05 level}.

a. Testing site homogenerty allowing site-specific intercepts.

*  t-statistic significant at the 0.05 level.

** te~gtatistic significant at the 0.01 level,
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CHAPTER 5
THE DEMAND FOR HOUSING SERVICES

Chapter 4 demonstrated that households responded to the Percent of Rent

rent rebates by increasing their housing expenditures. However, increased
expenditures may not always lead to real changes in housing. If allowance
recipients are unable to act effectively in the private market or if they

shop less carefully, then they might end uvp spending more for the same housing
than they otherwise would. There is ne reason to expect differences in
effectiveness between Percent of Rent and Control households. The rent rebate

may, however, affect shopping behav:.or.l

A person looking for a rental housing unit in a particular neighborheood is
likely to find that similar units rent for varyving amounts of money. In
other words, different househelds end up paving different amounts of rent
for the same level of housing services. This situation may be eXpressed

mathenatically as:

(1) R=pH+ ¢
where R = rent
P = the average price of housing services
H = amount of housing services, and

2
e

[y
Ir

a stochastic term, with zZero mean and variance g

A unit with g<0 will normally be considered a “"good deal"” or a "bargain,"
while a unit with >0 will normally bhe congzdered a "bad deal." Competitive
market forces will tend to reduce the variance of g, but will probably not

reduce the variance to zero.

In this context, shopping for rental housing may be viewed as looking for
units with negative £ (bargains). However, Percent of Rent hougeholds were
already paying less out-of-pocket than market rent since their net rent pay-
ments were reduced by 20 to 60 percent, depending on the rent rebate plan

lGeneral inflation also implies higher deollar expenditures without any
change in the housing services provided by a dwelling unit. Since inflation-—
ary changes apply to all households, the inpact on expenditures estimated in
Chapter 4 accounted for inflation by including Control households in the sam-
ple, so that this posed no prcblem there.
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they were enrolled in, For a household with a 50 percent rebate, for example,
finding a unit that rents for $10 more or less than ancther only makes a
difference of $5 in the out-of-pocket cost to the househeld. Thus, Percent
of Rent households might be expected to have shopped for new housing less
vigorously than Control households. This can be tested by estimating the
effects of the rent rebates on housing services and comparing these effects

with the effects already estimated for housing expenditures.

In contrast to expenditures, housing services are not easy to measure. Housing
services are, at least in part, subjective., Two kinds of housing quality
measures are used in this chapter--normative measures and hedonic indices,
The normative measures used involve physical housing standards developed for
the Demand Experiment, These standards were based on the American Public
Health Association/Public Health Service model housing code and are similar
in type to standards used in existing housing programs such as Section 8.
Hedonic indices, on the other hand, do not attempt to rate units in the sense
of determining their adeguacy. Rather they provide estimates of the average
market rent of a unit in terms of i1ts physical characteristics and location.
Comparison of the hedonic value of a unit with the actual rent charged can

be used to sort ocut the extent to which househclds arxe paying above average

rents and thus provide estimates of the real change in participant housing.

Section 5.1 discusses these measures and examines the tabular evidence of
household response to the Percent of Rent rebates as measured by the change

in proportion of households meeting housing standards and the percentage change
in the hedonic index of housing services. Section 5.2 then uses the demand
theory developed i1n Chapters 3 and ¢ to estimate a demand function for hous-
ing services. Differences in household response between expenditures and
quality (as measured by the hedonic index) emerge and several alternate
explanations for the divergence are tested. Section 5,3 concludes the chapter

with a brief summary of findings.

5.1 HOUSING QUALITY CHANGES

There 15 no generally agreed=-upon way of measuring housing quality., Measures
range from the simple Census measure of substandardness to more complex measures

of di1lapadation and deterloratlon.l These measures strive to achieve an ¢bjec-

1
See Budding (1978) for a detailed discussion of various extant hous-
ing grality measures.
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tive measure that policy-makers can agree measures the presence or absence

of adequate housing. 2As such, they become normative measures. The normative
measures used here to measure housing guality include two physical standards
-="low" housing standards and "program” housing standards--and one occupancy
standard based on the Minimum Standards reguirements and for certain parts of
the Demand Experiment, as well as two physical standards based on analysis of
housing adequacy by Budding (1978).1 Percent of Rent households were not re-
gquired to meet these standards and were prchably not aware of their existence.
Moreover, the standards may not be consistent with what the households them-
selves mrght consider "better quality," because the standards include only a
limited number of dwelling unit components and did not include any neighbor-
hood component. Therefore, the Percent of Rent rebates may have enabled reca-
pient households to improve their housing in ways that are not measured by
these normative standards (particularly 1f these included various quality or

neighborhood components not included in the standard}.

The hedonic index offers a different method for estimating the impact of
Percent of Rent rebates on housing services. The hedonic index, developed
for the Demand Experiment sites by Merrill (1277), gives a dollar value for
the amount of housing services provided by a unit., The measure can be inter-
preted as the expected or average market rent of un:ts with given location,
size, and other physical characteristics, In terms of Equation (1}, the
hedenic index gives the expected rent of a unit if i1t is neather a good nor

a bad deal (e=0}.2

1‘I‘he physical qualaty of the units was evaluated at least annually
coincrdent with enrcllment and the Second and Third Periodic Interviews. The
housing evaluations measured nimerous guality items including such items as
surface and structure characteristics, laght and ventilation, ete.

"Program" standards reflect the physical howsing requirements that households
in another part of the experiment--the Housing Gap Minimum Standards plans——
had to meet in order to receive payments (see Appendix I for a description of
the Housing Gap plan). The occupancy standard 1s defined as no more than two
reople per "adequate" bedroom, with "adeguate" defined in accordance with the
physical standards. The "low" housing standards were less stringent than
those applied for "program"” elagibility for Housing Gap Minimum Standards
households. & more detailed description of the "low" and the "program” hous-
ing standards is found in Appendix III, The measure of overall adequacy
developed by Budding (1978) is described further below.

2For a detailed dascussion of the use of hedonic indices to measure
heousing quality, see Merxr:ill (1977) and Kennedy and Merrill (1979).
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The hedonic index takes into account a wide variety of physzcal and locaticnal
characteristics, which account for from two-thirds to four—-fifths of the
observed variation in rents. Furthermore, as discussed in Section 5.2 below
and in Merrill (1977} and Merrill and Kennedy (forthcoming), tests of 1ts
validity support the contention that it measures housing services with a high
degree of accuracy. MNevertheless, it would be unreasonable to claim that

the hedonic index captures all of the variation in housing services across
units, As a conseguence, changes in hedonic indices of housing will generally
be smaller than changes in expenditures. Given the supporting evidence on

the accuracy of the measure, the differences should not be large, however.

In additien, 1t 1s possible to test whether differences between changes in
hedonic indices and associated changes in expenditures due to the Percent

of Rent offers follow the normal pattern of rent-hedonic index differences.

If they do, then i1t can be concluded that the expenditure changes induced by
the Percent of Rent offers led to concommitant real changes in housing services.
If they do not (1f, for example, the changes 1in hedonic indices for Percent of
Rent: households are much smaller than those that would normally accompany the
expenditure changes for these households), then 1t would appear that Percent

of Rent households did not chtain the real improvements in their housing

that would normally have accompanied their increased expenditures.

Tabulations of the normative standards for Percent of Rent and Control
households are presented in Table 5~-1. There secems to be no clear evidence
that the Percent of Rent program either encouraged or made it possible for
households to i1mprove their dwelling umits above the level exasting at enroll-
ment as measured by the normative standards. Moreover, there 1s no evidence
that differences in the percentage rebate were associated with the incidence
of units passing the standards.l Nor, when moving and nonmoving households
were analyzed separately, 4&id movers increase their housing guality as

measured by these three measures significantly more than did nonmovers.2'3

lSee Appendix Table %-23 through X-25.
2See Appendix Tables X-26 through X-31.

3As noted earlier, Percent of Rent households may have obtained im~
provements in their housing not reflected in the normative standards. While
more expensive units do tend to meet the Mimmmum Standards housing requixe—
rents mere often, the relationship 1s not strong. Thus 1t seems quite rea-
socnable that changes in specific dwelling unit attributes to meet a normative
standard cannot be induced without explicitly requiring them of households
(see Merrill et al., 1975, pp. 161ff).
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Table 5-1

CHANGES IN DWELLING UNIT
PHYSICAL AND CCCUPANCY STANDARDS

»

PERCENT PASSING PERCENT PASSING SAMPLE
ENROLLMENT TWO YEARS CEANGE SIZE
PITTSBURGH

Low Standard

Percent of Rent

households 81% 843 +3 (3%1)

Control households 31 a0 -1 (299)
Program Standard

Percent of Rent

households 37 34 =3 (3?1

Control households 33 29 -4 (299)
Qccupancy Standard

Percent of Rent

households 49 47 -2 {38Q)

Control households 48 41 =5 {299}

PHOENTX

Low Standard

Percent of Rent

households 72% 75% +3 (279)

Control households 66 74 +8 {258)
Program Standard

Percent of Rent

households 33 41 +8 {279}

Contrel households 28 36 +8 {258}
Occupancy Standard

Percent of Rent

households 43 55 +12 (279)

Control households 38 53 +15 {258)

SAMPLE: Percent of Rent and Contreol households active at two years
after enrollment, excluding those with enrcollment incomes over the eligibilaty
limts and these lavang in their own homes or in subsidized housing.

DATA SOURCES: Initial and monthly Household Report Form and Housing
Evaluation Forms.

NOTE: See Appendix III for a full description of the measures used
here.
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Budding {(1978) created z measure of housing adequacy, derived from the indi-
vidual housing evaluations performed for each dwelling unit. This measure
classifies units into one of three categories:

If there was clear evidence that a dwelling unit contained

one or more serious housing deficaencies, the unit as classi-
fied as clearly inadeguate.

If the unit passed every one of the indicators intended to
measure serious housing deficiencies and received an overall
evaluator rating consistent wrth such a classification, the
unit 1s classified as at least minimally adequate.

Otherwise, the wnit 1s classified as ambiguous.

The measure will tend to understate toc some unknown degree both the number of
persons in clearly inadequate housing and the number of persons i1in at least
minimally adeguate h0051ng.1 This measure 1s closely related to the Minimuom
Standards measure i1n that the adequacy measure includes all but one (bathroom
window adequacy) of the Minimum Standards indicators and only two additional
indicators (presence of rate and window condition). The key difference is
the presence of the ambiguous category which allows a finer distinction to be
made between adequate and inadequate housing than that permitted by the Mini-

mum Standards measure.

The use of this measure does not, however, change the basic conclusions reached
with the other measures. Table 5-2 indicates that Percent of Rent households
did not obtain more adequate housing than did Control households, measured as
change 1n either percentage of households 1n mimmally adequate units or the
percentage of households in clearly inadequate un1t3.2'3 These results do not

change when households are gtratified by mobility status, with the exception

1The category "clearly inadequate" encompasses a range of housing, in-
cluding both dwelling units that are completely dilapidated wath multiple de—
ficiencies and units with a single major defect. The category "at least mini-
mally adequate" is subject to the limitations of the data base, and it seens
likely that of these some of these units have serious housing problems that
went unmeasured in the Demand Experiment. Finally, the ambiguous category
undoubtedly contains both units that are properly classified as clearly inade-
guate and units that are properly considered at least minimally adequate. The
ambiguous category exists because there was not sufficient znforxmation to make
either classification.

2
Appendix Table ¥-32 presents these results for each percentage rebate
level.

3
Changes from minimally adequate to ambiguous approximately balance
those in the reverse darectiom.
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Table 5~2

CHANGES IN HOUSING ADEQUACY
FROM ENROLLMENT TO TWO YEARS FOR
CONTROL AND PERCENT OF RENT HOUSEHOLDS

PERCENTAGE IN

MINIMALLY ADEQUATE HOUSING

PERCENTAGE IN

CLEARLY INADEQUATE HOUSING

AL At Two At At Two SAMPLE

TREATMENT GROUP Enrcllment  Yeaxs Changea Enrollment  Years Changea 8IZE
PITTSBURGH
Percent of Rent
househelds 31% 28% -3 41% 354 -G {391}
Control households 29 25 ~4 38 35 -3 (301)
PHOENI X

Percent of Rent
households 36 39 +3 44 32 -5 {284}
Contrxol households 35 37 +2 45 41 -4 {256)

SAMPLE:

Percent of Rent and Control households active at two years after enrclliment, execluding

those with enrcllment incomes over the eligibility limits and those living 1in their own homes or in sub-

sidized housaing.

DATA SOURCES-

a. Percentage polnts.

Housing Evaluations Forms.




of Percent of Rent movers in Pittsburgh, which show a larger increase 1n per-
centage mimimally adeguate than do Control movers but only a slightly larger

decrease in percentage clearly inhadequate (see Appendix Tables X-33 and X—34).1

Changes in the mean value of the hedonic index for Percent of Rent and Control
households are presented 1n Table 5-3. While the index increased for Percent
of Rent households at both sites, neither the overall level of change for nor
the & fference 1n change between Percent of Rent and Control households is as

large as for expend:;.tu::es‘.2

At least three factors contribute to the lower overall change in the index
between enrcllment and two years after enrollment. First, since households
with long tenure in a unit receive a rent discount {see Merrill, 1977), movers
must by necessity increase expenditures more than the increase 1n housing serv-
i1ces obtained merely to overcome the loss of the dlscount.3 Second, rent
changes include an adjustment for increased utility costs over the two-year
period, while the hedonic index does not, This latter factor accounts for
approximately 2 to 4 percentage points of the dxfference between changes in
expenditures and changes in housing serv:.ce.4 Finally, rent changes lnclude

inflatiocnary adjustments whereas the hedonic index does not.

However, none of these factors explain why the net change in the aindex for
Percent of Rent households in comparison to Control households was smaller
than for expenditures. The quality of housaing, as evaluated by the hedonic
indices, rose 1in Pittsburgh by an average of 92 percent for the Percent of
Rent hounsehclds, and 6 percent for the Contreol houscholds. In Phoenax, the
average increase was 16 percent for the Percent of Rent and 17 for the
Control houssholds (see Table 5-3). There thus appears to be only a small

net experimental effect in Pattsburgh and no net effect at all in Phoemix.

Figure 5-1 illustrates that, as might be expected, movers at both sites

increased the hedonmic values of their residences much more than d1d nonmover

1Nonmovers tend to show a decrease in housing adequacy.

Sample sizes for hedonic index computations compared to earlier chap-
ters are typlcally smaller dune to the increased data reguirements. Appendix
Table ¥~35 presents the changes for each rebate level.

3
That 18, a howehold moving into a unit generally pavs more than the
previous tenants would have had to pay merely because they are "new" tenants.

4
Adjustments vary according to the unit silze and the uwtilities pur-
chased.
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CHANGES IN HEDONIC HOUSING QUALITY

Table 5-3

MEAN HEDONIC INDEX MEAN CHANGE
At At Two SAMPLE
TREATMENT GROUP Enrollment  Years Amount Percentage SIZE
PITTSBURGH
Percent of Rent
households 5114 $121 s 7 9% {353)
Control households 114 120 5 6 (273)
PHCENIX
Percent cof Rent
households 13z 149 17 16 (241)
Control households l2g 144 16 17 {231)

SAMPLE:

percent of Rent and Comntrol households active at two years

after enrcllment, excluding those with enrollment incomes over the eligibility
limzits and those living in their own homes or in subsidized housing.
Inttral and monthly Household Report Forms, Housing

DATA SOURCES:
Evaluation Formsg, 1970 Census of Population, and Baseline and Pexiodic

Interviews.
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Figure 5-1

MEAN PERCENTAGE CHANGE [N HOUSING SERVICES BETWEEN
ENROLLMENT AND TWO YEARS AFTER ENROLLMENT

Percentage Rebate

]._..EE]___- Phoemx
| Movers
|
1
|
{40} Pittshurgh
Movers
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- i 20
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SAMPLE. Percent of Rent and Control households active at two years after enrollment,
excluding those with enrollment incomes over the eligibility limits and those living 1n their
own homes or 1n subsidized housing

DATA SOURCES Initral and monthly Household Report Forms, Housing Evaluation
Forms, 1970 Census of Population, and Baseline and Periodic Interviews,

NOTE. Brackets indicate entries based on 15 or fewer cbservations.

apercentage change in housing services 1s defined as the mean of the ratio of the change In
housing services to housing services at enroliment,
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housaholds.l There is still, hwoever, no clear difference in the increase
for Percent of Rent households as compared to Contrel households. In Pitts-
burgh, Percent of BRent households that moved had an owverall 19 percent
increase in the hedonic index over time while the nonmover Percent of Rent
households only increased their hedonic value by 3 percent. Increases For
Contrel households were slightly lower for both groups--13 percent if they
moved and only 2 percent when they 4did not. In Phecenix, Percent of Rent
movers had an increase of 22 percent in the hedonic value of their housing
while nonmovers showed a 7 percent increase. For Control houscholds in
Phoenix, the increase was 32 percent 1f they moved and only 5 percent 1f they
did not (that is, Phoenix Control movers had a larger mean increase than

d1d percent of Rent movers). -

In all, the results indicate that an increase in housing expenditures for

a household does not always i1mply an increase in housihg services. Movers

do improve their housing in terms of the hedonic indices relatively more

than do nonmovers. Yet there seem to be only small differences between

the hedecnic values for the Control and Percent of Rent households, indi-
cating that rent subsidies may net be very effective in helping Percent

of Rent househclds increase the quality of their housing units (at least as
neasured by the Minimum Standards housing requirements or by the hedonac
index of housing sexrvices). In order to control for differences in income
(and other characteristics} between Experimental and Control households, Sec-
tion 5.2 analyzes the housing services response of Percent of Rent households

in the context of a demand function.

5.2 THE DEMAND FOR HOUSING SERVICES

The hedenic index, described in Sectaon 5.1, 1s used as the dependent variable
in a demand equation in order to estimate the responsiveness of a household's
consumption of housing services to changes in income and price. The log-
linear form of the demand function is used, estimated for the sampls of
movers. As i1n Chapter 4, average income 15 used as the measure of permanent
income. The estimates of price and income elasticities for both expenditures

. 2
and the hedecnic index are presented 1in Table 5-4. In Phoenix, the income

1Append:r.x Tables X-36 and X-37 present the data for this figure.

2The sample 15 somewhat smaller than that used in Chapter 4 due to
the extra data regquirements of the hedonic index. The expenditure estimates
are consequently slightly different.
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Table 5-4

COMPARISON OF PRICE AND INCOME ELASTICITIES
ESTIMATED USING HOUSING EXPENDITURES
AND AN HEDONIC INDEX OF HOUSING SERVICES
(Movers Sample)

ELASTICITIES PITTSBURGH PHOENIX

Price Elasticaity

Expenditures estimate —0,230%% —-0,215%%*
{(Q.065) (C.064}

Hedonic estimate -0.113%* =-0.045
(0.057) {0.060)

Income Elasticity

Expenditures estimate 0.33g*=% 0.353%%
(0.054) (0.046)
Hedonic estimate 0.22G6*%* 0.375%%
(0.047) (0.043}
SAMPIE SIZE" (214) (257)

SAMPIE: Percent of Rent and Control movers active at two years
after enrollment, excluding thoge with enrollment incomes over the eligi-
bility limits and theose living in their own homes or in subsidized housing.

DATA SOURCES: Initial and monthly Household Report Forms, Housing
Evaluation Forms, 1970 Census of Population, and Baseline and Pericdic
Interviews.

NOTE: Standard error ain parentheses.

a, Sample size differs from the expenditure estimates in Chapter 4
due to the extra data requirements of the hedonic index.

* t-statistic significant at the 0.05 level.

** t-statagtic significant at the 0,01 level.
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elasticity estimates are the same for expenditures and housing services;

in Pattsburgh, the incame elasticity of housing services is lower than that
for expenditures but is still reasonably large. Rather straking differences
are evident in the price elasticity estimates, however. The estimated price
elasticity for housing servaces in Phoenix is not significant. In Pitts-
burgh the estimated price elasticity of housing services is ecnly one-half of
the estimated price elasticity of expenditures. These results confirm the
faindings of Section 5.1--1n response to a decrease in the price of housing,
households increased their housing services by less than their expenditures.
Moreover, in Phoenix the change in housing sexrvices for Percent of Rent house-

holds was no larger than that for Control households.

Several explanaticns are possible for these results. A rent rebate program
such as a Percent of Rent allowance that provides no direct incentive for
households to increase their housing quality may lead to inefficiency in
shopping behaviorjy households would no longer be paying full market price
for each additional unit of housing services and would possibly be willing
to accept less housing services per dollar than the market provides on the
average. If households do in fact act this way, the rent subsidy may per-

mit households to reduce search costs.

On the other hand, the hedonic index may be subject to several types of
specificataon bias. For example, 1f important attributes of the housing
bundle were omitted from the estimating equation, the index would not
adequately reflect the unit's housing services.l If important positively-
valued attributes of dwelling unit or neighborhood quality are missaing from
the hedonic estimates, the estimated price and income elasticities for housing

services would be biased downward from the true elasticities.,

Next, 1f the housing market in Pittsburgh or Phoenix 1s segmented, that is,
if different groups of homseholds (central city versus suburban or racial
differences, for example) face different housing prices, the same set of
relative attribute prices estimated by an overall index may not be applicable
to all submarkets. Finally, the attribute weights estimated during the base-

line period may not be applicable after two years due to changing market

1
mirtted variables increase the estimated standard error of the

hedonic index.
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conditions or, more likely, to decisions made by movers tec rent units in

: . X kX
areas unlike those included in the original sample.

These issues can be addressed in a formal framework. As described in
Section 5.1, the hedonic housing services index was derived by regressing
rent on housing unit and neighborhood characteristics and on conditions of

tenure at enrollment:
(2) In(R) = o + XB 4+ 2y + 1

where
R = rent

¥ = a vector of housing unit and neighborhood
characteristics, where (o+Xf8)} is the hedonic index
of housing services

Z = a vector of tenure characteristics such as
length of the household’s residence 1in the
unit and whether the landlord lives in the
building, and

i

W a stochastic error.

When rent at two years 1g predicted using the estimated coefficients, the
estimated residual, 1, may represent omitted guality variables, omitted
tenure variables, experimentally induced shoppaing inefficaiency, and luck or

other random effects.

Several hypotheges can be tested tec determine the correct interpretation of
the estimated residual, ﬁ. If the regidual involves some omitted gualaty,
then it should be positively correlated with household income and posgably
with household satisfaction. If the residual reflects changes in shopping
behavior, then the search behavior of Percent of Rent households should show
some differences from Control households. These specification issues have
been assessed in detail by Merrill (1977) (in the development of the hedonic
index) , and Kennedy and Merrill (1979) (in analysis of the index's behavior
cver the experimental period). The remainder of this section summarizes

some of these analyses and provades some hypotheses concerning the reasons

lThe housing units of all enrolled households were used to estimate
the hedonic index, The sample is not a random sample of all dwelling units
since those households all have low or moderate i1ncomes,., See Merrill {1977).
Further, Census tracts with low concentrations of rental units (5.5 percent
of housing units) were excluded from the sampling frame. These tracts might
possibly have rental units with higher average quality.
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for the differences in the elasticity estimates for expenditures and housing

services.

Analysis of the Hedonic Residual

If the hedonic residual (p) contains only omitted guality items, then analy-
sis of housing quality shonld examine the sum of the hedonic index and the
residual (o + XR + p) rather than just the index alone. On the cother hand,
1f the residual :s not only omitted quality, then analysis of the price res-

ponse should take account cof possible shopping inefficiencies.

If the hedonic residual includes some omrtted quality {(i.e., gquality wnmea-
sured by the hedonic index), then to the extent that satisfaction 1s posi-
tively related to the level of housing gqualaity the residual should be posi-
tively related to the household's satisfaction with its dwelling unit, IEf,

on the other hand, the hedonic residuval is due largely to price effects rather
than omitted quality, the association with satisfaction 1s expected tc be neg-
ative~—that 1s, that satisfaction increases as the amount of guality relative
te expenditures increases. To test these assumptions, the change in hedomic
quality and the change in the hedonlic residual over the two years of the ex-
periment were ecach regressed on the change in dwelling unit satisfaction, for
Control households.1 The results showed that the change in guality and satis-
faction have a significant and positive relationship in both sites. Further,
in both sites the change in satisfaction and the change in the hedonic resid-
ual have the expected significant and negative relationship.2 Thus 1t seems

that the hedonic residual is not solely due to omitted quality items.3

lIt 1s often unclear what a guestion about household satisfaction
actually measures because households quite possibly have different reference
ponts, Change in d&welling unit satisfaction is a measure intermally consis—~
tent withain a household, Further, while demographic characteristics may
affect household satisfaction, they are unlikely to affect the change in
satisfaction (except insofar as they affect housing change).

2For movers, all relationships were in the same direction as those
for all households and were significant (except for the residual and unat
satisfaction in Phoenix). The same medel was also tested for neighborhood
satisfaction. In Phoenix, an increase in hedonic gquality results in an in-
¢rease 1n neighborhood satisfaction for both movers and all households, None
of the other relationships were significant.

3Locatlonal attributes are apparently accounted for adequately by
the hedonic index; no d1scernible pattern to the residuals by location
emerged (Merrall, 1977).
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Similar hypotheses were tested concerning the relationship of search effort
to quality and price effects. 1If the hedonic residual reflects price hetexro-
gengity, then a dilagent search will result in a better deal (more guality
per dellar) than would a haphazard search. If true, the hedonic residual
will be negatively associated with search effort. Unfortunately, there is
some evidence that some households that do not search obtain good deals by
luck—~being referred to a unit by friends or relatives {vidal, 1978). Tests
were c¢onducted accounting for this "windfall search" as well as more active
search.1 One measure of the search effort is the number of days spent search~
ing for housing. Increased search time does in fact result in getting a
better deal, that is, more guality per dollar of expenditures in both
Pittsburgh and Phoenix. Search time is algo asgociated with a larger change

in the guality index in Pittsburgh.2

Part of the smaller i1ncrease in housing services relative to expenditures
for Percent of Rent households in both Phoenix and Pittsburgh may be due to
a conscious decision on their part to use less effort in searching for a
new unit. Since there 1s a significant asgociation between increased search
time and obtaining more housing services per dollar of expenditures, xf
Percent of Rent households search less than Control households, then the
price discount will have a smaller effect on their housing sexrvices than on

their expenditures.

There 1s some weak evidence that decrease in geaxrch effort ccourred--
Percent of Rent movers spent fewer days looking for a unit than did Control
movers, though not signifacantly so (97 versus 1319 days in Pittsburgh, 34

versus 46 days in Phoen1x).3

another approach to analyzing the residual 1s direct estimation of demand

for the resadual and for the guality and tenure components. During the
development of the hedonic index, extensive analysis of the residual was
carried out using the entire enrclled sample (see Merraill, 1977). The
hedonic residuals and the percent deviation of predicted and actual rent were
regressed on household income, race, household size, and age and education

of head of the househcld., The major hypothesis tested was the following:

1
See Kennedy and Merrill (1979) for additienal detail,

2 . ,
There is no relationship between guality and other measures of
search e¢ffort (the number of units locked at or the nurmber of units called).

3
See Appendix Table X-38.
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if important quality attributes were omitted, there would be a significant
positive relationship between the residual and income and perhaps education.
The income coefficients were in fact significant but were extremely small in

both Pittsburgh and Phoenix,

A series of sumlayr models have been estimated for households remaining

active in the experiment for two years, In logarithmic form, Equation (2}

becomes
{3) In{r} = 1n{(Q) + In(®) + 1ln(e)
where
In{g) = (o + XB), the hedonic index of housing services
abstracting from tenure characteristics
In{1) = Zv, the value of tenure characteristics, and

ln{g) = u, the stochastic error.

If each component of Eguation (3) (1n(R), 1n(Q), 1ln{T), and In(e)) 1s
regressed on the logarithms of price and income, 1t wall be true that
Equation (3) amplies the sum of the price (or ancome) elasticities for @,

T, and £ will equal the price (income) elasticaity of R:1

(4} nR = nQ + nT + .

These elasticities may be estimated using log-linear regressions of the
resrdual, the quality index, tenure adjustments, and rent adjustments on
price and income; they are summarized in Table 5--5.2 In Pittsburgh, both
the price and income elasticities of housing services fall relative to thoge
for expenditures. The difference 1s accounted for almost entirely by the
hedoni¢ residual and not the tenure characteristics., Since there 1s a

significant positive income elasticity for the residual in Pittsbuxgh, it

lFrom Equation (3},

31n(R) _ 3In(Q) . 8ln(T) = 8ln(e)

51n(p) -~ oln(Py  aln(p) T 3In(P)

and these elasticities are the estimated coefficients of log-linear demand
functions for R, Q, T, and e.

Actually, since the rent definition used for the hedonic aralysis and the
rent defination used for the housing consumption analysis are slightly
different, there i1is another term representing this adjustment. The
adjustment has no impact on any of the findings reported here.

2 . ] ] .
Additional equations, estimated including demographic covariates,
did not change the results. {See Kennedy and Merrall, 1279,)
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Table 5-5

PRICE BAND INCOME ELASTICITY ESTIMATES

FOR RENT COMPONENTS

PITTSBURGH PHOENIX
PRICE INCOME PRICE INCOME
DEPENDENT VARIABLE ELASTICITY FLASTICITY ELASTICITY ELASTICITY
Rent (expenditures —0,230** 0.338*%* -0, 215%% 0.353*x*
definition) (0.065) {0.054} (0.064) (0.046)
Hedonic index -0.,113* 0.226%% ~0,045 Q.375**
{0.057) {0.047) (0.060) {0.043)
Hedonic resadual =0.159%% 0.089%* —0,193%* -=0.021
(0.047) (0.,039) {0.048) (0.034)
Tenure characteristics 0.027#* 0.01et 0,017 0.001
{0.013} (0.010) (0.011) (C.008)
Definitional difference’ 0.016 0.004 0.005 ~0.002
(0.013) (0.C10) (0.007) (0.005)
SAMPLE SIZE (214) (257}
SAMPLE: Percent of Rent and Control movers active at two years after

enrcllment, excluding those with enrollment incomes over the eligaibility
limits and those living 1n therr own homes or in subsidized housing.

DATA SOQURCES: Initial and monthly Household Report Forms, Housing
Evaluation Porms, 1970 Census of Population, Baseline and Periocdic Interviews,
and Appendix Table X-39,

NOTE: sStandard error in parentheses.

a. Dafference between the analytic rent variable used for the
expenditure analysis and that used in the deravation of the hedonic index.

T testatistic significant at the 0,10 level.

*  testatistic significant at the 0.05 level,

% testatistic significant at the 0.01 level,
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becomes plausible to assume that the residual in that site at least partially
represents omitted quality variables. The presence of a significant price
elasticity for the residual zn both sites suggests that price factors are

also present in the residual,

The ratio of the elasticities can also provide some information on the rela-
tive importance of omitted quality and price effects. The significant income
elasticity in Pittsburgh suggests that, in that site at least, the hedonic
residual dces include some omitted quality. In this case, the estimated price
and income elasticities based on the hedonic index would underestimate the
true elasticities of housing services; at least part of the change an the
hedonic residual would represent real changes i1n housing in addition to the

changes reflected by the index,

One way to correct this problem may be to use the income elasticity of the
hedonic residual. If the income elasticity of the hedonic residual represents
increased expend:irture for housing services not included in the hedonic index,
then households allocate increased expenditures between included and cmitted
rtems in the proportion (n;/ng), where n; and ng are the income elasticities

of the hedonic residual and hedenic index, respectively. Since the rent rebates
offered by Percent of Rent apply to both included and omitted qualaty, it

seems reasonable to suppose that the allocation of increased expenditures
between the items included in the hedonic index and those included in the
hedonic residual wonld be the same as that for increages arising from higher

1 .
incomes. One can then write the following:

wok™s
i
MJIO |'~<ﬁ: m

(5)

where
e
"o = the (unknown) price elasticity of omitted items
ng = the price elasticity of housing services included

in the hedonic index

£ .
ny = the income elasticity of the hedonic residual, and

lSee Kennedy and Merrill (1979) for a detailed discussion of the
condition under which this will be true.
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nQ = the income elasticity of housing services included

in the hedonic index.
In words, the ratio of the price elasticities for omitted items to that for
housing services is assumed to be the same as the ratio of the income elasti-
cities, where the income elasticity for omitted quality is approximated by
the i1ncome elasticity for the hedonic residual. Equation (5) can be solved
to give the estimated price elasticity of omitted items as a function of the
estimated hedonic 1ndex price and income elasticities and the estimated

hedonic residual income elasticity:

©) ve o p Ty

Put another way, Equations (5) and (6} essentially accept the income elasticity
of expenditures as a benchmark for the normal relation between changes in
expenditures and changes in the hedonic index (ignoring tenure characteristics
and definitional differences, which have only a small effect}. The adjusted
price elasticity (ﬁ;) ineorporates this normal relat:icn., The difference
between the expenditure price elasticity and the adjusted price elasticiiy

thus measures the extent to which the rent rebates altered the normal relation-
ship between housing expenditures and housing services. It is worth emphasizing

the arbitrary nature of this procedure. Other methods of correction are possible.

Table 5=-5 implies a value for ﬁ; in Pittsburgh of -0.045, Since the total
price elasticity of housing services is the sum-of the hedonic elasticity
and the elasticity of omitted itemg, this implies an overall price elasticaty
in Pitisburgh of -0.158, Since the expenditures praice elasticity s -0,230,
this implies a shopping effect of -0.072--that is, only about two-thards

of the expenditure increase induced by the Percent of Rent plans goes to

. . 1
increased housing services.

In conclusion, the evidence in Phoenix seems most consistent with viewing
the hedeonic residual solely as a price effect, representing changes in shopping
behavior, and not as omitted qualaty. The income elasticity estimates are

the same for the quality index and rent, and zero for the regidual. aAlmost

1In Pheoenax, the income elasticity 1s small, negative, and not
significantly different from zZero. Furthermore, the model behind Equation
{6) only considers the possibility of a positive income elasticity for the
residual (reflecting omitted quality). Therefore, no adjustment 1n the
Phoenix housing services elastacity 1s indicated.
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all of the di1fference in price elasticity estimates 1s found in the residual.
On the other hand, the resadual in Pittsburgh represents both some omitted

gquality and some price behavior changes.

Demographic Stratification

As was seen in Section 4.3, expenditure elasticities differ among certain
demographic¢ groups. In particular, the estimated minority price and income
elasticities were lower than those for nonminorities. Strat:rfication by
household composition was indicated in Pittsburgh, and stratification by race
was indicated in Phoenix. Since expenditures elasticities were not uniform
acrogs demographic groups, housing service elasticities probably will not be
either. Appendix Table X-44 presents hedonic estimates cross-classified by
these demographic characteristics for movers.l Variance ratio tests indicate
that, as for expenditurxes, price and income elasticities differ by household
composition in Pittshurgh but not in Phoenix (see Table 5-6). The coverall
estimated housing services price elasticity for Pittsburgh movers is -0.11
(significantly different from zero only at the 0.10 level). The estlmates
for the different types of households vary a great deal. The price elasticity
of housing services was insignificant for single-person and single-headed
households. In contrast, the price elasticity 1s -0.25 for households headed
by a couple (still smaller than the expenditures estimate of -0.36, though
within that estimates 95 percent confidence interval). The housing services
income elasticities are much closer to each other. The largest estimate is
that for households headed by a couple: 0.49 (again within the 95 percent
confidence interval of the expenditures estimate of 0.61). Indeed all the
estimated housing services elasticities by household type fall within the 95
percent confidence intervals of the corresponding expenditure estimates

{compare Tables 5-6 and 4-9}.

In contrast to housing expenditures where racial stratification was important
only in Phoenix, this stratification yvields significant differences at both
sites for housing services (sece Table 5-7). Minority households have an
insignificant and positive estimated price elasticity in both sites, while
nonminority households, even 1n Phoenix (which has an insignificant overall
elasticity), have a negative and significant price elasticaty. O©On the other
hand, minority households have zerc or very low price and income elasticities

(though the estimated housing service income elasticity for Phoenix mihority

lThe estimated equations for all households are presented in Appendix
Table X-40.
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Table 5-6

HOUSING SERVICES BLASTICITIES

BY HOUSEHOLD COMPOSITION

PITTSBURGH PHOENIX
PRICE INCOME SAMPLE PRICE INCOME SAMPLE
HOUSEHOLD GROUP ELASTICITY ELASTICITY SIZE ELASTICITY ELASTICITY SIZE
All households =0.1131 0.226%% (214) ~0,045 0,375%% (257)
(0.057) (0.047) (C.060) {0.043)
Single-person -0.118 0.241 {32} -0.366% 0.464%* {29)
househelds (0.168) {0.163) (0.197} (0.101}
Single-headed -0,038 0.181+ (87 .045 0.416%* {11
household with (C.085) {0.095) {0.081) {0.067)}
others present
Hougeholds headed —0,246%% 0.489%* {95} -0.121 0.365%* {117}
by a couple (0.080) {0.076) {0.098) {0.082)

SAMPLE: Percent of Rent and Control movers active at two years after enrollment, excluding those
with enrollment incomes over the eligibility limits and those living in their own homes or in subsidized
housing.

DATA SOURCES: Initial and monthly Household Report Forms, Housing BEvaluation Forms, 1970 Census of
Population, Baseline and Periodic Interviews, and Appendix Table X-41,

NOTE: S8tandard error in parentheses, A variance-ratio test could reject the hypothesis of homo-
geneity among household types an Pittsburgh (F(4,205) = 6,27}, but counld not in Phoenix (F(4,248) = 1.69},
(critical value = 2,37 at the 0,05 level).

k) t-statistic significant at the 0.10 level.

*%  t-statistic significant at the 0.0l level.
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| Tahle 5-7

HOUSING SERVICES ELASTICITIES
BY MINORITY STATUS

PITTSBURGH PHOENIX
PRICE INCOME SAMPLE PRICE INCOME SAMPLE
HOUSEHOLD GROUP ELASTICITY ELASTICITY S51ZE BELASTICITY ELASTICITY SIZE
all households -0.113% 0.226%% (214) -0.045 0.375%* (257)
{0.057) (0.047) (0.060) {0.043)
Nonminority households -0,143% 0.269 (180) -0.129% 0,240*%* (168)
(0.057) (0.048) {0.065) (0.045)
Minority householdsa 0.067 -0.012 (34) 0.023 0.154% {89)
(0.201) (0.151) (0.1086) (0.085)
b b |
Black households -—- ——— -0.138 0.159 {27) |
(0.218) (0.165)
Spanish Ameraican —— - 0.116 C.100 (62)
households® (0.121) (0.102)

SAMPLE: Percent of Rent and Contrel movers active at two years after enrollment, excluding those
with enrollment inhcomes over the eligibility limits and those living in their own homes or in subsidized
housing.

DATA SOURCES: Inatial and monthly Household Report Forms, Housing Evaluation Forms, 1970 Census of
Population, Baseline and Periodic Interviews, and Appendix Table ¥-41.

NOTE: §8Standard error in parentheses.

a, A varrance-ratio test rejected the hypothesis of homogeneity between nonmnority and minority
households 1n both Pittsburgh (F(3,208) = 3.48} and in Pheenix (F(3,251) = 16.926), {(crxitical value = 2,60
at the 0,05 lewvel).

b, Minority households in Pittsburch are all black.

¢. A variance-ratio test did not reject the hypothesis of homogeneity between Spanish American
and black househelds in Phoenix (F{3,83) = 1,07}, (critical value = 3,30 at the 0.05 level).

+  t-statistic significant at the 0,10 lewel,

* t-statistic significant at the 0.05 level,

%  togtatistic significant at the 0.01 level,




movers is very close to the expenditures estimate and is significant at the
0.10 level).1

1

A3 noted from Table 5-5, the hedomc residual has & signmificant income elas-
ticity in Pittsburgh but an insignificant (and negative) 1ncome elasticity
in Phoenix, One pogsible explanation for this is that the index 15 less
accurate in Pittsburgh than in Phoenix, It was previcusly suggested that

measurement error in housing services elasticities may be adjusted for by

computing
Q [
n.=n. +n
b4 Yy ¥
>
(7) n
no=n+ s L
p P P O
n
Y
where
n_ = the "true"income elasticity of housing services,
Y and
np = the “true" price elasticity of housing services,

The first expression in Equation (7) 1s simply the income elasticity of
expenditures (except for minor effects due to tenure characteristics and
rent definition)=--that 1s, all differences in expenditures associated
with differences in income are assumed to reflect real changes i1n housing
services. The second expression gives an adjusted estimate of the praice
elasticity, Table 5-8 gives "corrected" price elasticaities for the two

sites stratified by household type and by minority status.

The results for the two sites are guite different. In Phoenix, the income
elasticities of the hedonic residual are uniformly small and insignificant
for all demographic groups (see Appendix Table X-=43). As a result, the
adjusted housing services price slasticities in Pheoenix are clase to the
unadjusted values, indicating that the Percent of Rent offers d1d indeed

have a substantial effect on the shopping behavior of recipients.

In Pittsburgh, on the other hand, there are several large hedonic residual
income elasticities, Adjusted price elasticities are all closer to the

expenditure elasticities than are the unadjusted cones, This confirms the

1 , ,
Further, minority households in Phoenix (but not in Pittsburgh)
start out with lower lewvels of housing services {see Appendix Table ¥*-42).
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Table 5-8

"CORRECTED" PRICE ELASTICITIES FOR HOUSING SERVICES
COMPARED TC EXPENDITURE ESTIMATES BY DEMOGRAPHIC CHARACTERISTICS

PITTSBURGH PHOENTX

CORRECTED CORRECTED

HOUSING HOUSING

SERVICES EXPENDITURE SERVICES EXPENDITURE
HOUSEHQLD PRICE a PRICE SAMPLE | PRICE PRICE SAMPLE
GROUP ELASTICITY ELASTICITY DIFFERENCE SIZE ELASTICITY ELASTICITY DIFFERENCE SIZE
All households -0,158 -0.220 -0.072 {214) -0,045° =-0.215 -0.170 (257)
Single-person ~0.188 ~0.055 40,133 (32) ~0.375 -0.404 -0.029 (29)
households
Single-headed house- | -0,038° -0.216 -0.178 {87) 0.045° -0,0673 ~(,028 {111)
hoids with others
Households headed ~0.289 -0, 349 -0.060C (95) -0.123 -0,356 ~0,233 (117)
by a couple
Nonminority houssholds| -0.181 -0,233 -0,052 (180) -0.129° -0.290 =0.161 {168)
Minority households -0.207° -0.,207 o (34) 0.027 -0,154 -0,181 {89)
Black households P =P -0.141 -0,277 -0,136 {(27)
Spanish American - —— 0,183 -0.081 ~0,264 (62)
households

SAMPLE: Percent of Rent and Control movers active at two years after enrollment, excluding those waith

enrollment incomes over the eligibilaty limits and those lavang in thear own homes or in subsidized housing.

DATA SOURCES: Inatial and monthly Household Report Forms, Housing Evaluation Forms, 1970 Census of
Populaticn, Baseline and Peraodic Interviews, and Appendix Table X-43.

a. See Equation (7) for the method of correctaion.

k. Minority households an Pittsburgh are all black,

c¢. The corrected price elasticities are computed as indicated i1n Equation (7) wath the following exceptions
First, the correction only applies in theory when the income elasticity of the residual is positive (when the
hedonic income elastigity 1s less than the expenditure income elasticity). Cases other than this are assumed to
represent stochastic error, with a true value of n® of zero {so that the hedonic price elasticaty is not changed).
In addition, minority households in Pittsburgh pregent a special case. In this instance the hedonic income elas-
ticity i1s near zero. Thias guggests that the index captures little ox no quality change for minoraty households in
Pittsburgh and the expenditure price elasticity was accepted as the corrected housing services elasticity.




earlier findings that the Percent of Rent offers in Pattsburgh had only a

small effect on the shopping behavior of recipients.

Substantial shopping effects are indicated in Phoenix for all the demographic
strata (except for single-person and single-headed households). Minorities
and single=headed households in particular seem to have almost no price
response 1n terms of housing services. These groups alse have lower expendi-
ture response, however, so that the difference between expenditure and hedonic

price elasticities i1s similar for minorities and nonminorities in Phoenix,

When minority households in Phoenix are further divided inte black and Spanish
American groups, 1t is clear that 1t is the Spanish American househelds that
did not increase their expenditures in response to these changes either (com-—
pare Table 5-7 and 4-8). Further, the fit for both expenditures and housing

2 .
services is vexy poor (R = 0.02 and R2 = 0,03, respectively).

Apparently, then, the estimated equations do not describe the behavior of Span-
i1sh Awerican househeolds in particular very well., The price and income elastic-
1ty estimates for minority households in Phoemix, particularly for Spanish
American households, strongly suggest that these households did not respond

to the Percent of Rent rebates by increasing their consumption of housing
services or their housing expenditures, One possible explanation for thas is
that manority households face market barriers that prevent them from purchas-
1ng an average amount of housing services per dellar of additional expendirture
or that prevent them from entering intc areas with higher rent and higher
guality units. If minority households face a dirfferent structure of housing
attrabute prices due to market segmentation or only have access to a limited
range of housing choices (perhaps due to racial or ethnic discrimination} then
use of an hedonic i1ndex with implicrt attribute praices based on the full sample

would misestaimate the actual housing services consumed by mnorirties.

A series of tests to assess market segmentation (different relative attribute
weights) were made duraing the development of the hedonic index {(Merrall,
1977). 1In phoenix, scparate eguations were estimated for white households
and Spanish American households and comparison of these regressions dad not
indicate the existence of market segmentation.l The F-test for the existence
of a submarket was not significant for the semilog form of the hedonic index

uged 1n this report. Furthermore, the standard errors of the full sample and

1
There were too few black households in Pheenix to estimate a separate
gubmarket index for them.
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submarket equations differ by less than 1 percent, an amount that is

. . 1
operationally unimportant (Merrill, 1977, p. 130). Even though overall
differences are minor, however, several important praices, particularly

for space, do differ.

As an additional assessment of submarket effects, therefore, a separate
hedonic index, based on estimated attribute prices for Spanish American
households, has been computed. Separate estimates of price and income
elasticities have been made using this subsample index. Estimation based
on the Spanish American subsample index does not change the results for
any group (see Appendix Table X-44). This may be interpreted as an
indication that gpecification bias due to misestimated attribute prices
for Spanish American households 1s apparently not responsible for the

insignaficant housing services price and income elasticities.

Two additional potential explanations for the difference between Spanish
american and white households deserve attention. First, quality variables
may be cmitted from the hedonic index which are systematically associated
with the purchases of Spanish American households but not white households,
Secondly, minority Experimental households may have searched less than

minority Control households.

It 1s not at all clear whach variables, if any, might be systematzcally
asscciated with minority or Spanish American housing consumption. In order
to determine if omassion of data on building type, private yard, and their
interaction was important for minoraity households, the hedonic residuals

. . 2
were regressed on these variables (Merr:ll and Kennedy, forthcoming).

[

1 . . .

Merrz1l (1977} found no evidence of price discramination against
Spanish American or black households in Phoenix; that 1s, minorities do not
pay meore than whites for the same housing.

2Exam1nat10n of the data reveal that Spanish Americans are much
more likely than white households to live in single family units and less
likely to live in larger multifamily unaits. Further, 2t has also been
suggested that the Spanish American households in Phoenix have a strong
preference for yard space. The full sample hedonic equation does include
a dummy wvariable for multifamily buildings with five or more units but no
other variables indicating building type or presence of a yard were
significant.
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None of these variables appear to be related to guality for white households.
Spanish American households appear to prefer private vards, especially zf
associated with a small multrfamily unit. It is not likely, however, Fhat
given the small coefficient for the yard variable, the omission would bias
the price elasticity estimate suffrciently to make 1t zero. Further, since
income iz not significantly related to the hedonic residual in Phoemix for
Spanish American movers, even at two years after enrollment, the evidence of

systematic bras due to omitted variables seems rathexr slim.

The last investigation concerns the effect of search effort on obtaining

an amount of housing services per deollar of expenditure. As suggested above,
part of a smaller increase in housing services relative to expenditures

for Experimental households in both Phoenix and Pittsburgh may be due to a
conscious decision on their part to use less effort in searching for a new
unit. Spanish American movers receiving a Percent of Rent rebate d4id spend
significantly fewer days searching (28 days) than did Control households

(76 days) (see Appendix Table X-29),

Atkinson et al. {(1979) noted that Spanish Bmerican Percent of Rent movers

were less likely to leave their imtzial neighborhood than were Control Span-—
1sh American movers. They suggest that this may result from a chance group-
ing in the Percent of Rent category of households that were strongly inter—
ested 1n remaining in their initial neighborhocd. If the initial neighbor-
hood has a limited range of units available, these households may be prevented
from obtawining improved housing by supply constraints. There 18 not strong
evidence for this constraint, however, as the variance in the hedonic wvalue

of units occupied by Spanish American households at enrollment and at two

vears 15 almost identical to that of nonminority households.

x

In sum, there is a general pattern of reduced sheopping effectiveness in
Phoenix. The extent of this shopping effect 1s samilar for all demographic
groups (with the exception of single-person and single-headed houscholds).
There 15 alse some evidence of reduced effectiveness in Pittsburgh, but 1t

is not widespread.

<

Minor:ties in Pheoenix, and especially Spanish American households, showed
little or no real change in housing or rent 1n response to the Percent of Rent
offers. No clear reason for this lower response--with the possible exception
of reduced search effort--has been found. Indeed, the error of astimate

for this group 1s large enough that the very low response estimates could
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simply reflect stochastic error.

Furthermore, in contrast to housing expenditure functions, variance ratio tests
reject the possibility of pooling the sites, even when the combined housing
services function incliudes a site-specific rntercept. The hypothesis of homo-
geneity across sites of the demand for housing services was rejected for all
mover households and for the mover subsamples stratified by race {see Table
5-7). The different results with respect to pooling the sites between expend-
1tures and housing serxrvices 1s due to the different shopping behavior in the
two sites. Part of the increase 1n expenditures 1n Phoenix was due to i1neffi-

cient shopping, while no evidence of inefficiency was present in Pittsburgh.

5.3 CONCLUS IONS

The housing services response of Percent of Rent households to the price dis-
count cffered to them was smaller than the expenditures response. This is
ture net only for all wovers, but for most demographic groups as well, In-
creased expenditures on housing combine two changes: 1lncreases in the amount
of housing services that the household consumes and/or increases in the price
per unit of housing serxvices that the househeld pays. The hedoni¢ index was
designed to measure the increase in housing services. The consistent differ-
ence between changes 1n housing services and the larger clianges i1n expenditures
across all groups investigated prompted further investigation intec the nature
of the hedonic index. It seems likely that some quality components were omit-
ted from the Pittsburgh hedonic index, Nevertheless, adjustang for om tted
items still results in a significant estimated effect on the prices paid by

nonminortty households.1

In Phoenix, there was little evidence of omtted gquality, implying that Percent
of Rent households have shopped inefficiently and received less housing services
per dellar than Control households. This shopping effect was much the same for
all demographlic groups eXcept single-person and single~headed households. In
additicn, it appears that single-headed households and minorities had little
real change in hcousing an response to the Percent of Rent offers. Thais was
especlally marked for Spanish American households.2 They alsc appear to have
had little or no change in expenditures. These low response levels may, how-

ever, reflect stochastic error rather than a genuine difference an behavior,

1 .
See Kennedy and Merrill, 1979, Table 4-2.

2The sample of black movers was toc small to examine individually.
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CHAPTER &
ISSUES IN USING EXPERIMENTAL DATA

This chapter discusses three issues involved in estimating demand sgquations
using the data from the Demand Experiment: (1) the dynamics of behavior
over time, (2) possible bias in estimation due to sample selection, and (3)
the extent to which households understood the Percent of Rent offers.

Housing dynamics are important because estimated responses to changes in

the price of housing presented in this report are based on the responses of
households during the first two years of the Demand Experament. Econonzc
theory suggests that under certain circumstances this could underestimate °
the eventual response to a pexmanent price reduction, Section 6.1 examines
the pattern of expenditures over the two years of the experiment for evidence

of any systematic trend that would indicate a larger eventual response.

Sample selectaion can alse bias estimates based on experimental data. Not all |
households offered enrcllment in the Percent of Rent plang accepted the offer.
Hor did all enrclled households remain in the experiment for the full twe

years. Again, economic theory suggests that Percent of Rent households that

did enroll and remain in the experiment may have tended to spend more for housing
than other households. If this were the case, the estimated responses for

these households would overestimate the response of the population as a

whole. In addition, much of the analysis 1s based on households that moved
during the experiment. Theory suggests that some of these households may he

ones with especially large expendirture changes so that later movers would not
change their housing expenditures to the same extent. Section 6.2 compares

the housing of the samples used in analysis wath that of households offered
enrollment to determine whether there is any evidence of such selection

effects.

Program understanding may also have affected the estamaticn. If some house-
holds did not understand the Pexcent of Rent offer, theirr responses might
misestimate the eventual response to a well-understood price reduction or
rent rebate program. Section 6.3 examines evidence from interview data

about program understanding and its effect on househeld responses.
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6.1 DYNAMIC SPECIFICATION OF HOUSING DEMAND

Chapter 4 presented estimates of an equilibrium model of housing demand

based on the assumption that movers adjust completely to the Percent of Rent
rebates. Once a household moved, 1t was assumed to allocate its income be-
tween housing and other goods according to its egunilibrium demand for housing.
No further change was expected until the househeld's circumstances changed

again.

Another approach to demand analysis is based on the idea that consumption

(of any good) involves aspects of habit formation, inertia, lgnorance, uncer-—
tainty, and costs of change, which lead households to respond only gradually
to changes 1n prices and income. The two best known such models are the
Partial Adjustment and the Adaptive Expectations Models.l While these models
vary in some detairl, they both lead to the same reduced form equation (though

with different error structures}. This can be seen as follows.

Under the Partial Adjustment Model, actual rent i1s adjusted by some fraction
of the difference between desired rent and the previous period's actual rent.
This occurs as the household gradually feels i1ts way to 1ts optimal consump-

tion pattern.2 Thus, under this model (1gnoring for the moment changes in price),

(1a} ln(R;) = o + Bln(Yt), and

{1b) ln(Rt) -ln(Rt_ ) = Y[ln(RE}—ln(Rt_l)] + W

1 £f
where
- R* = the household's desired expenditure on
housing in period t

¥ = income (current or permanent)

il
Il

actual housing expenditure in period t

lSee Johnston (1972), pp. 360-320, or Intriligator (1978), pp. 235-
248 for detailed description of these models.

2Mayo {1977) showed that the Partial Adjustment Model will also arise
1f households fully adjust their consumption, but do not all adjust imme-
diately. Thus if households adjust fully when they move, but do not all move
mmediately, an estimated demand function for the entire population will have
the Form of Egquation (1b). This possibilaty is dealt with in this report by
separate estimation of the responses of movers.
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¥ = the "coeffacient of adjustment,” and

v
t

a stochastic error term.

Cembaning Equations (la) and (lk) and rearranging terms, the Partial Adjust-

ment Model can be wraitten

(2} n{R.) = oy + By ln(Yt) (1 Y)ln(Rt_l) N
Under the Adaptive Expectations Model, expectations about permanent income
are adjusted by some fraction of the difference between current aincome and

1
the previous period's permanent income. This arises because households
are uncertain about their future income. Expectations about permanent income

and the housing expenditures based on 1t are only developed gradually. Thus,
under this model,

(3a) ln(Rt} =0 + 81n(Y§) + e and
{3h) ln(Yi) - ln(Y;“l) = 6[1n(Yt) - ln(Y;_l)l
where

¥* = measures of permanent or normal income
expected to prevail as of period t

§ = the "coefficient of expectations," and

1] a gstochastic error term.

t

Combining Equatrong (3a) and (3b) and rearranging terms, the Adaptive Expec-

tations Model can be written

(4) In{R.) = ad + 861ln(Y) + (1-8)In(R ) + [ug -{1-8)u ;1.

Equations (2) and {(4) are i1dentical except for the error terms.

The difference between Equation (2) or (4} and the Complete Adjustment Model
discussed in Chapter 4 for movers 1s the presence of the lagged rent term,

Rt«l' and the resulting interpretation of the coefficients. Under the models

of Equataons (2) and (4), households would initially adjust to a change in
income, AlnY, by the amount By (Aln¥) or BS(AlnY), respectively. The term Ry (or

$6} is the immediate or short-run income elasticity., If the change in income

This process can be extended to other variables as well.
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1s maintained over taime, however, households will eventually change theix
income by f{Alny), where R 18 the long-run income elasticaity. This suggests
that long-run responses might be estimated more accurately by Equation (2}
or {4) than by the model used in Chapter 4. Unfortunately, 1t is almost
impossible empirically to distinguish these gradual adjustment medels from

quite different models based on serial correlation.

Serial correlation between the error terms of two consecutive years 1is
almost inevitable. There may be several reasons for such serial correla-
tion, the most convincing of which i1s that some uncbservable variable
determining behavior, such as taste for housing, will remain more or less
constant over a span of years when households are cbserved over time. If
the true model 1s the Complete Adjustment Model of Chapter 4, serial corre-

lation implies that

5 =
(5a) ln(Rt) o+ Sln(Yt) + g and

(Sb) €, =P g + U

where €y 1S the error term in tame t, Ny 1S random error, and p 15 the serial

correlation coefficient. Combining Equations (5a) and (5b) gives
(6) 1n(Rt) = af{l-p} + 8[ln(Yt} - pln(Yt_l}] + pln(Rt_l) + .
It as difficult to distinguish Equation (6) from Equations (2) or {(4)

empirically. 1Indeed, 1f income 15 measured as three-year average income, ¥,

Equation {6) becomes
{h ln(RtJ = g{l-p) + B(l-p)ln(Yt} + pln(Rt_l) + M,
which 1s i1dentical to Equation (2).

Both the Demand Experiment data and a lohger time series cf data from the
Panel Study of Income Dynamics were insufficient to distinguish among the
three models. Therefore, in testing for dynamic response patterns, it was
assumed that the dyhamic model containing 1n(Rt—1} as an independent
variable could also involve serial correlation. The equation estimated

1s then {including the price term)
8 = - .
(8) In{R.) = A + B In{y) + C In{l-a) + D In(R_,) + e,

where the e _ are serially correlated.
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The preblem in estimating Equation (8) zs that in the presence of serial
correlataon, Rt—l' which includes et—l’ will be correlated with € Thus the
estimated coefficient of ln{Rt_l) may reflect the bias due to serial correla-
tion rather than any gradual adjustment process. This problem can be
addressed by using a two~stage procedure that substitutes a predicted value
of the log lagged rent, ln(Rt_l) for 1n(Rt_1).l The variable ln{Rt_l) s
predicted from a regression 1n(Rt_1) on lagged values of exogenous variables
and 1s, by construction, uncorrelated with e, and highly correlated with

ln(Rt ).2 This procedure yields consistent estimators of the parameters.

-1
The instruments used to predict enrollment rent were enrollment income, Yt 17

and length of residence at the enrolliment dwelling unit, L Enrollment

-1
income 1s by 1tself foo highly correlated with subsequent ancome to serve as

an effective instrument (that 1s, 1f enrollment income alene 1s used as the
instrument, the values of 1n(Rt_1) are too correlated with ln(Yt) to daistinguish
their effects; the erzror of estimate of D in Equation (8) becomes very laxge).

Length of residence, L 1’ provides enough independent variation in ln(Rt—l) to

t

overcome this. Form an ecconometric viewpoint, Lt—l is a conventent instrument;

it 1s correlated with R but not with R (since all movers have zero length of

t=-1
tenuxe in their new unit), and hence 15 independent of e,»

It must be admitted, however, that length of residence 1s an inappropriate
anstrument for the Adaptive Expectations Model and may not be appropriate for
the partial Adjustment Model. Length of residence apparently affects expendi-
tures because households with longer tenures enjoy exceptionally good deals,

paying less for comparable units than new tenants (Merrlll,lg'?'?}.3

If the Partial adjustment Model is developed 1n terms of housing services,

H, rather than housing expenditures, R, Equation (2) becomes

(2y 1n(Ht) = ay + By 1n(Yt) + (1=vy) ln(Ht_l) + v, -

1

See Graliches (1967), p. 41. Mayo (1977), ain estimating a Partial
Adjustment Model for the preliminary first-year data, ignored the possability
of simultaneous equation bias.

2 -
The two-eguation system 1s recursive and 1n(Rt_l} can be predicted
using Ordinary Least Squares.

-

3

Thas may arise because landlords oifer discounts to retain tenants
and avoid the costs of turnover or because tenants with good deals tend to
hold entc thear uvnits.
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To write Equation (2)” in tcxrms of expenditures, the term 1n(Pt), the log
of housing price, is added to both sides of the equation. However, if because
of the tenure discount, the housing price at any perioed, Py varies with

length of tenure, then

)] In(,) = In(P}) + Aln(L +1)
where
p, = the price cof housing
pi = the price of housing for new tenants, and
Lt = the length of tenure.

Using this specification of price, Equation {2} ' becomes

{10) ln(Rt) - ln(Pt) = ay + BYln(Yt) + (l-Y}ln{Rtﬁl)

- (1~y)1ln(p_ ) + v

t
Collecting price terms and substituting Eguation (9) into Eguation {10) gaves
(11) In(R) = [n(g]) ~ (=N)1n(Pp ;) + ay] + Byln(¥,)

+ (I=¥)In(R,_;) + Aln{L +1} - (1-Y) Aln (L, _+1) + v .
Since households that move all have Lt equal to zero, Equation (il) becomes
{12) 1n(Rt) = g + Byln(Yt) + (1—Y)ln{Rt_l}

- (l-y}lln(Lt_1+1} + v

where

- ] _ - o
a” = [ln(Pt) 1 Y)ln(Pt_lj + avl.

Thus, Lt—l should be 1ncluded in the estimated equation to begin with and

1s thus insufficient as an instrument. However, 1f Lt 1

adjustor, but only helps to characterize housing expenditures at enrollment,

acts not as a price

1t may be used as an instrument, This could arise, for example, of the
relation between length of tenure and enrollment rent in part reflects the
fact that househclds with long tenure have not adjusted their housing

expenditures for some time. In this case, length of tenure would reflect
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the extent of a household's disequilibrium (with an overall negative corre-
lation with rent if household incomes tend to draift up over time) and be

an 1deal instrument for the Partial Adjustment Model.

In the Adaptive Expectations Model, lagged rent arises through substitution
of {ln(Rt-l) T (Y

appropriate specification of Eguation (3a) is

} for Bln(Y;_l), using Equation (3a). If the

(3a)? ln(Rt_ }

*
1 o + Bln(yt_l) + Gln{Lt_l+l) + B

t-1
then Equation {(4) becomes

(4 1n(R) = ad + 88ln(¥,) + (1-8) [In(R,_;) - 6lulk,_,+1}]

* - -Ou_,I.

Thus the lagged rent variable should be net of the effects of tenure discount

for the Adaptive Expectations Model.

The empirical results are summarized in Table 6-1. In both sites the
"adjustment coefficient" i1s high, and in Pittsburgh it 1s not significantly
dirfferent from cne. For this reason the estimated long-run elasticities are
very similar to the estimated short-run elasticities, and both are similar
to those presented in Chapter 4. The evidence therefore does not suggest

the superior:ity of either the Partial Adjustment or the Adaptive Expectations
Models. The data are consistent with viewing the Complete Adjustment Model

as an adequate theoretical description of the behavicr of low-income renters.

The dynamics of response to price changes need not be the same as those of
response to income changes, However, there may also be gradual adjustment
to the price change, so that price response would increase over time. In

this case, estimated responses based oh the first two vears of the experiment
2
would understate the eventual response. If such gradual adjustment takes

place, then one would expact (under an Adaptive Expectations Model) that later
movers would have larger responses than earlier movers or at least {under a

Partial Adjustment Model) that repeat movers would respond more on the second

1The high correlation bhetween Ry and Re. 1 can be uged to rmprove
prediction of Rt 1f Re_q is known and thus improve estimates of prece elastai-
citres as discussed in Appendix VI,

2In fact, the estimated price elasticities presented in Chapter 4
are fairly low and are less than most of the estimates based on nonexperi-
mental data discussed in Section 3.3,
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Table &6-1

PARAMETER ESTIMATES FOR A
DYNAMIC MODEL OF HOUSING DEMAND

PITTSEURGH PHOENIX

ESTIMATES ESTIMATES

Short-run income elasticity 0.302*= 0.268*=*
(0.049) (0.040)

Short-run price elasticity -0,201*%* —0.215%*=*
(0.060) {0.052)

a b
Adjustment coefficient 0.848 0.693
(0.166) (0.117)
Long-run income elasticity 0,368 0.387
Long-xun price elasticity =-0.237 -0.310
SAMPLE SIZE (236) {291)

SAMPLE: Percent of Rent and Control movers active at two years

after enrollment, excluding those with enrcllment incomes over the elagi-
bility limits and those livang in their own homes or in subsidized housing.

DATA SOURCES: Initial and monthly Household Report Forms, and
payments fale.

NOTE: Standard error estimated using Two-Stage Least Squares. The
instruments used for lagged rent were enrollment income and length of resi-
dence at enrollment dwelling unit. Current income was used for the income
measures. Standard errors in parentheses. The estimated elasticaities from
a static model (see Appendix Table X-12) were: in Pittsburgh 0.324 for
income and -0.195 for price; in Phoenix 0.325 for income and ~0.212 for
price.

a. Not significantly different from one at the 0.10 level.

b. Saignificantly different from one at the 0,01 level.

** t-gstatistic saignificant at the 0.01 level.
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move than on the first.

Unfortunately, these patterns might be offset by the effects of the limited
duration of the experiment. If moving costs are substantial, then households
may be reluctant to move to housing so expensive as to require that they
vacate 1t when the experiment ended. 1In this case, households would be less
likely to respond toward the end of the experaiment, when the pericd over
which payments would be received was smaller}' This would be especially true
in Pitisburgh where households generally move less often (so that the pros-
pect of having to move might pose a more amportant barrier). If both of
these factors--gradual adjustment and experimental duration--were important,
then they conceivably offset each other in the second year. While the over—
all response would be lower, first and second year responses would not be

very different,

Table ©-2 presents the estimates of the price elasticities for movers durihg
each of the three time pericds and for combinations of the periods. The
results are ambiguous--the largest response is for the latest movers an
Pittsburgh (those moving only in the second year} and the earliest in Phoenix
{those moving in the first six months}. Response increases for movers in
Pittsburgh (-0.16 for first year only movers to -0,.37 for second year only

movers) but decreases in Phoenix (-0.29 to -0.10 for the same two groups}).

One additional test for problems dus to duration is based on expected mobility.
There 1s a strong connection between prior mobility and subsequent mobility
(see MacMillan, 1978). Thus, households that moved freguently in the vears
before the experiment are more likely to mowve in the next sevexal years. But
tf a househecld i1s likely to move in any case, 1t should be less concerned with
the prospect of having to move at the end of the experiment. If experimental
duration 1s a factor, the responses of households with high levels of prior
mobllrty should be larger than those of households with lower prior mobility.
As 15 1llustrated in Table 6-3, this 1s true for households moving only in the
first year, but not for households moving only in the second year or in both_
years. Nor does controlling for prior mobility make the pattern of response

for movers reflect either of the patterns expected i1 ¥ arther the Partial

1 .

Further, 1f households did not expect to remain eligible for the
allowance payment for long (as their incomes increased), then they may have
preferred to retain the allowance as savings rather than respond.
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Table 6-2

PRICE ELASTICITIES OF DEMAWD
FOR DIFFERENT MOVER GROUPS

PITTSBURGH PHOENTIX )
SAMPLE SAMPLE
MOVER GROUP ELASTICITY SIZE ELASTICITY SIZE
Moved during the two years -0,211 (236) -0.219 {(292)
(0.063) (0.052)
Moved duraing the farst year ~G.132 (166) -0.273 (213)
(0.074) (0.069)
Moved during the first -0.189 (99) —0.3647 (151)
s1x months (0.111), {0.083)
Moved during the second ~0.140 (88) -0.264 (129)
s51x months (0.108} (0.0%0)
Moved during the first -0.163 (127) -0.291 (129)
vear only {0.0853) (0.110)
Moved during the second year -0.260 (109) -0.201 (185)
(0.095) (0.069)
Moved during the first 0,035 (36) ~0.285 (94)
year and the second year (0.142) (0.089)
Moved durang the second -0.366° (69) -0.100% {(79)
vear only {0.122) (0.115)

SAMPLE: Percent of Rent and Contrel movers active at two years
after enrollment, excluding those with enrollment incomes over the eligi-
balzty limits and those livaing ain their own homes or in subsidizZed housing.

DATA SOQURCES: Initial and monthly Household Report Forms, payments
file.

NOTE: Prace elasticities were estimated using average income.
Standard error in parentheses below the elagticities,

a. The estimate does not fall withain the 95 percent cecnfidence
interval of the estimate for all households that moved during the two
years: {-0,334, -0,088) in Pittsburgh and (~0.335, ~0.103) in Phoenix.
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Table 6-3

PRICE ELASTICITY ESTIMATES

BY PRIOR MOBILITY

PITTSBURGH PHOENTX

’ ife PRIO% HIGH PRIOR | LOW PRIO% HIGH PRIQOR
MOVER GROUP MOBILITY MOBILIT MOBILITY MOBILITY
Moved during the =0.110 -0.352 -0.178 -0.448
first year only {0.100) {0.155) (0.150) {G.166)
Moved durang the -0.393 -0.341 ~0.091 ~0.120
second year only (0.153) {0.2303) (0.176) (0.149)

Sample size (43) {26) (41) (38)
Moved during both -0.073 0.107 -0.357 ~0.238
the first and (0.240) {0.198) (0.180) {0.097)
second years

Sample size (18} {22) (34) (72}

SAMPLE:

Percent of Rent and Control movers active at two years

after enrollment, excluding those with enrollment incomes over the eligi-
bality limits and those laiving in their own homes or in subs:idized housing.

DATA SOURCES:

file, and Baseline Interview.

NOTE: Price elasticities estimated using average lacome.
error in parentheses below coefficient,

Initial and monthly Household Report Forms, pavments

standard

a. One or fewer moves during the three years pricr tec the Baseline

Interview.

b. Two or more moves during the three years prior to the Baseline

Interview.
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Adjustment or the Adaptive Expectations Models were true.

More direct evadence on the effect of experimental duration 1s available from
the Seattle/Denver Income Maintenance Experiments. Those experiments offered
a variety of income-conditioned payments similar in form to the Unconstrained
payments tested in the Demand Experiment. In addition, unlike the Demand .
Experiment, the Seattle/Denver Income Maintenance Experiments included both
three— and flive-year offers. If the three-year duration of the Demand Exper~
iment in fact lamited the changes 1n housing undertaken 1n response to the
Pexcent of Rent price rebates, then one would expect to find lower responses
to the i1ncome transfers by Seattle and Denver households with three-vear
offers as compared to those with five-year offers, In fact, analysis by

Chls and Thomas (1979) indicates almost no difference between the two groups.

Ohls and Thomas estimate, among other things, the effect of the experimental
income transfers on rental expenditures three yvears after enrollment, by
regressing monthly rental expenditures on variables for race/ethnicity, house-
hold type, average (three-vear} experamental payment, and average (three-year)
income from other sources. As shown in Table 6-4, estimates for households
with five-year offers were almost identical to estimates for the entire sample
of households {including both households with three-year offers and those with
fave-year offers). Ilaokewise, direct estimates of the difference in response

for the two groups {reported only for Denver) are small and insign1ficant.2'3

These results suggest that the three-year duration of the Demand Experiment dad
not in itself materially affect household responses to the rent rebates offered
by the Percent of Rent plans. BAccordangly, the farlure to find consistent pat-
terns of increased housing change over time seems less likely to reflect the

influence of limited duration and more likely to indicate that the adaptive ex-

pectations or partial adjustment models do not apply to changes in rental housing,

1Some additional evaidence that duraticn did not matter 1s presented
in Appendix VII, which compares the effect on mobility of experimentally
induced changes in desired expenditures and pre-experimental deviation be-
tween actual and desired expenditures.

2The significant, though small difference in elasticities repcrted
in Table C-8 of Ohls and Thomas 1s due to a misplaced decimal point in tran-
scription (the actual estamated effact 1s one-tenth of that reported in
Table C-8 for rental expenditures}.

30hls and Thomas' estimates of 1ncome elasticities among households
that moved are similar to those reporkted here——0.420 1in Denver and 0.331 in
Seattle {Ohls and Thomas, Table II-6, p. 35).
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Table &6-4

COMPARISON OF OHLS AND THOMAS' ESTIMATED EFFECTS
OF EXPERIMENTAL INCOME TRANSFERS ON RENTAL EXPENDITURES
FOR THREE- AND FIVE-YEAR GUARANTEES

(SEATTLE/DENVER)
ESTIMATED CCEFFICIENT FOR EXPERIMENTAL PAYMENTS
EENVER SAMPLE SEATTLE SAMPLE
COEFFICIENT SIZE COEFFICIENT S5IZE
All renter households .00 7** (824) .0Qgk* (401)
(.001) (.002)}
Renter households with 007*%x* (486} L009** {231}
five-year guarantees (.002}) {-002}
All renter households, Q05 ** (824} N/A
with interaction for (.002)
five~-year offers
{Drfference in .0008 N/A
coefficrent for (.0015)
five~year quar-
antees]

DATA SOURCES: Ohls and Thomas, 1979, Tables P-1, F-2, F-44.
NOTE: Standard errors in parentheses.
** t-statistic significant at the Q.01 level.

133




In conclusion, the mest important dynamic factor in respense may be the dif-
ference 1n response between movers and nonmovers discussed in Chapters 2 and
4, There 1s no evidence of other important dynamic patterns. It must be

admitted, however, that the various dyvnamic models considered in this section

cannot be conclusively rejected with the available data.

6.2 SELECTION BIAS IN PRICE ELASTICITY ESTIMATES

The gample of households offered enrollment in Percent of Rent plans was
carefully designed to be a random sample of the low-income population in
each site. The equilibrium demand functions were estimated on a different
sample of households--households that accepted the enrollment offer, were
verified to be within the income eligibility limit, remained in the expera-
ment, and moved sometime between enrollment and twe years after enrollment.
Each of these selection criteria wmay have introduced bias in the estimated
coefficients, so that they may differ from the population coefficients, as
follows:

Acceptance bias. Households offered higher payments may have

been more likely to accept the enrollment offer than houscholds

of fered lower payments. Since, for each rebate level, payment

increases with housing expenditures, households that accepted

the Percent of Rent offers may have tended to spend more for

housing than Controls. In this case, c¢ross-sectional compari-

son of Percent of Rent and Control households might over-—
estimate the effect of the rebate.

Attraition bias. Likewise, houschelds may be more likely to
remain in the program 1f they received higher payments. BAgain,
Percent of Rent households that tend toc spend more on housing
regardless of the experiment may be more likely to remain in
the experaiment.

Mobility bilas. In theory, households move to change their
housing and hence should be, other things egual, more likely

to move the larger their desired changes. Households may move
in order to spend less or to spend more on housing. The rent
rebates offered to Percent of Rent households would be expected
to encourage moving by households that would have moved to
increase thear spending. Thus the sample of Percent of Rent
movers may not be comparable to the sample of Control movers.

1One other possible bias 15 not considered here. If the price elasticity
is 1tself stochastic, then households that moved during the first two years mrght
tend to include more "high response™ households. Estimates based on these house-
holds would overestimate the responses of later movers. 2aAs discussed in Sectlon
6.1, there 1s no consistent evidence of declining response over time,
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The remainder of this section evaluates the actual extent of such selection
bias. A more complete discussion of the models involved is presented in

Appendix XI.

The selection bias problem may be formally characterized in terms of the
stochastic error term in the estimated demand function. Specify, for

example, the log-linear expenditure function is

{13) ln(Rt) = BO + Blln(Yt) + len(l—a) + ey
where
Rt = housing expenditures at time t
Yt = household aincome at time &, and
a = the percentage rent recbate.

under Equation (13}, if households had not had the Percent of Rent rebates,
the value of 1n{l-a) would have been zero (a=0), and their rental expendi-

tures would have been determaned by .

M
{14) ln(Rt) = 80 + Blln(Yt) + e )

vhere RE 15 the normal level of expenditures that would have occurred in the

abgsence of the experiment.

The sample selection biases descriked above all an effect suggest that at
various pericds, Percent of Rent houscholds with higher levels of ln(Ri}——that
1, with higher values of € --were mere li1kely to accept enrollment, stay in
the experiment, or move than households with lower levels of ln(Rﬂ). Further-
more, this effect 1s likely to be larger at higher rebate levels. Thus

even 1f households were randomly assigned so that €, was, for the entire
assigned population, independent of 1n(l-a), among_selected households

€y and In(l-a) may be correlated. In this case, the Ordinary Least Squares

estimate of 82 will be biased.

The expenditure functions estimated in this report are based on cross-
sectional observations at the end of two years (t=2). Thus the concern

for estimation is sample selection that directly or indirectly affects ¢

2
The problem is that observations at two years after enrolliment cannct dis-

tinguish between genuine experimental effects and the artifacts of sample

selection. Some indireckt way must be found to identify sample selecticn.
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The basic method used in this report for testing for selecticn bias is

serial correlation. Teo the extent that the stochastic term, € reflects
underlying differences in tastes or other slowly changing factors, 1t is

reascnable to assume that the value of € for any individual household will

only change gradually over tame. Thus €y and €iq1 OF €y 8TE expected to
be related. More exactly, the usual assumption is that €y and €. 1 have a
2 2

bavariate normal distribution with means Mer By variances, Ut and Gt 17
and correlation coefficient, p. But this means that €5 and €4 (the values

of € at two years and at enrollment, respectavely) are linked by the rela-

tionships
92
E:2=“2+“’EE(€0'"0)‘Lr'z
(15)
o]
€0 = +o-9(€ -w,) + Y
o] 0] 02 2 2 0
where p 1s the correlation betwean €y and €qr and Ny and Yo are stochastac
terms distributed independently of €5 and €y respectively, with mean zero.

The estimated two-year serial correlation, based on estimating Equation (15)

at enrollment and two years for Control households that move, are shown in

Table 6-5.
Table 6-%
TWO-YEAR SERIAL CORRELATIONS
FOR CONTROL MOVERS

PITTSBURGH PHOENIX
Expenditures 0.478 0.461
Housing Services 0.415 0.383
Sample Size (82) (28)

SAMPLE: Control movers active at two years after enrecllment excluding
those with enrollment incomes over the eligibility limits and those living in
their own homes or in subsidized housing.

DATA SQURCES: Initial and monthly Houschold Report Forms, Housing
Evaluation Forms, 1970 Census of Population, and Baseline and Periodic
Interviews.
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New assume that there 1s some selection, S, of households between tO and t2.
Observations are available at to for both selected and nonselected households

and at t2 for selected households. Given the serial correlation of Equation

(15) 1f the selection 5 does affect the distraibution of £, for the selected

sample, so that

)
(18) 62 =¥, + S + alln(l—a) + kz,

where Ei is €, for the selected sample and E{lz) = 0, then eg will also ke

related to (1-a), using Equatzon (15}, by

g % s
(17) gy = Ky + pg;‘(€2 - u2) + Yy
or,
s %
= —— - + .
(18} € = Mg * pcz (ao + alln(l a) + Az} Yo

If £y has some pricr relation to ln{l-a} given by

(19} = 0y * 6,1n(l-a) + A4y

"o

where E(lo} = 0, the effect of the subsequent selection, 8, can be i1dentified
by

g g

- - o 9 -
(20) EO = 80 + elln{l a) + (poz aO)G + (pcz al}Gln(l a} + £0
= 90 + alln(l-a) + 86 &léln{l~a) + 50
where

s = 1 1f the household is subsequently selected,
0 if the household is not subsequently selected,

g

0
g = p— @,
G 02 W
c
5 = ol
al = po al, and
2
E(EO) = 0.

Equation (2) can be used to test for the effects of selection by testing
the hypothesis that the coefficients of & and §ln(l-a) are zero. If they
2 by the
selection can be inferred by dividing the estimated coefficirent of §Iln{i-a)

are significantly different from zero, the bias introduced into ¢

by the term (p 00/02).
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Tt should be clear that the exact correction implied by finding evidence of

a prior selection depends on when the selection took place. The model above
suggested the selection processes: one occurrxang before enrollment {t=0)
which introduced the prior relationship between € and In{l-a) shown in
Equation (19); the other occurring at two years after enrolliment (£=2)

which introduced an additional relationship for € of the selected sample

as shown in Equation (16). The prior selection will shift the expected

value of =. (via serzal correlation) by the amount (p o /02) (6 + 6 ln(l-a)}.

2

The correction for €, 18 obtained by multiplying 60 or Bl by (p <] /c }.

The subsequent selectien induces a relationship with € of (p 02/00)

(ao + alln{l—a)). The correction for e, 1s obtained by dividing &0 or &

{the effects on g, as shown in Equation {20)) by (p 02/00]. Yet a third

1

possibility 1s that a selection process occurs between £ and eqe If so,

it may affect both errcrs (¢, and ez} equally. In this case, the correction

for €y is samply equal to thg effect on 80'

The details of alternative models are discussed further in Appendix XI.

The 1mportant point to be made here 1s that the exact correction depends
critically on prior specification of when the selection occurred. This

can be more complicated than it seems, as the time of the selection depends
on the time period on which the selection decision was'based rather than the
moment at which the decision was actunally made. (For example, 1f households

acceptance of the enrollment offer reflects their assessment of their future

lThlS 1s simply the usual components of variance casgse 1in which serial
correlation ean be used to control for sampling error or selection effects
in the initial assignment to experimental plans. &As is well kncwn, this
provides more exact estimates of experimental effects. This technique was
not used in the main body of the report because of the interest in estimating
both price and income elasticities, Controlling for initial position would
clearly be appropriate in estimating the effects of the Percent of Rent
rebates. It would just as clearly give spuriocusly tight confidence inter-
vals for income elasticitaes.

To take the extreme case, say that the three-year average income data
collected by the experament 15 used for all estamates (that s, the

same 1ncome variable 1s used for estimating the pre-experimental demand
function and initial error term and in estlmatlng the final cross section).

In this case the estimated initial error, 50' 1s by construction orthogonal
to ln{¥Y)., Thus, its inclusion cannot possible affect the estimated income
elasticity, It would therefore he misleading to use it in the two-year cross—
sectional estimates to reduce the standard error and thus the estimated error
of estimate for the income elasticity. See Appendix VI for estimated prace
elasticities taking account of serial correlation.
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expenditures, the selection would not be on £y (the error at enrcllment)
but on later values of ¢,) Despite these complacations, the most plausible
model appears tc be that selections subsequent to enrollment occurred on
average one year after enrollment and will thus affect both €5 and £,
egually.

Actual estimation of selection effects was done using both the entire

Baseline sample {(the sample of households that completed the Bageline Inter-
view, admninistered before households were told abeout the experiment) and

the sample of enrolled households. While several models of selection indicate
no significant selection effects, the most plausible model of selection
effacts suggests that expenditure and housing services elasticities could

be biased by the amounts shown in Table 6-6,

Table 6-&
POSSIBLE BEIAS IN PRICE ELASTICITIES

PITTSBURGH PHOENIX
Expenditures +0,059 =0,092
Housing services +0.008 -0.052

SOQURCE: bAppendix XI.

The only statistically sigmificant biras found was for Phoenix expenditures.
Note also that while the estimated dixection of bias is consistent with theory
in Phoenix (that 1s, the bias increases the absolute size of the estimated
price elasticity), there 1s an opposite effect in Pittsburcgh. This suggests
that the estimates nmay reflect sampling error more than systematic selection.
In any case, while correcting elasticity estimates for biras would increase

the absolute value of the estimated elasticity in Pitisburgh and reduce 1t

in Pheoenix, the two-site average 15 essentially unchanged. Thus it appears
that sample selection processes 1f they occurred were not gsevere enough to

materially alter the conclusions of Chapters 4 or 5.
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6.3 PROGRAM UNDERSTANDING

Program understanding by participant households 1s a dafficult issue to

deal with. If households receaving a rent rebate did not properly under-
stand the relationship between their rent payment and the rebate, then they
would not have responded in the theoretically expected way. If this problem
were widespread, then the interpretation of the estimated price elastacity

is guestiocnable.

Households enrolled in the percent of Rent plans were contacted up to five
times during the experiment with both specific and general information about
how a rent rebate worked, on both an individual and a group basis. The first
relevant contact was the Enrollment Interview in which the percentage rent
rebate was descraibed in detail (in English or Spanash, as appropriate), the
hougehold's particular percentage rebate identified and explained with an
example, and any questions clarlfled.l This interview was followed up by a
booklet ({in English or Spanish) explaining the Demand Experiment procedures
and the concept of a rent rebate payment. In addition, there was a Housing
Information Program which, in the first SESSlon“held an the fairst weeks of
participation, also gave a general description of the rent rebate offer
{attendance, however, was voluntary).2 Finally, detailed letters including
examples were sent to each household at 4 and again at 12 months into the
program.3

Two questions were included on each Periodic Interview to assess households'
program understanding; (1) "What do you think would happen to your housing
allowance payments 1f your landlecrd increased your rent by $10 a month...
would your payments go up, go down, or stay the same?" and (2} (af the
respondent angswered gc up cor down), "By how much would you expect your

monthly allowance to change?"4 as might be expected, a larger percentage

of the population got the first question correct than the second (see Table

1
The interview also collected information for final determination
of program eligibility and allowance amount.

2
Only about cne-guarter of all Experamental households attended
this session {22 percent ain Pattsburgh, 25 percent in Phoenix).

3
Further, households were free to guery site offices at any time
with questions about the program.

4
First Periodic Questions 13.2 and 13.23, Second Periodic Questions
4.2 and 4.23, and Third Periodic Questions 5.2 and 5.2a,
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6-7).1 The mean percentage rebate given by respondents that answered the
first question correctly appears to be independent of the actual percentage
rebate, however. Thigs 1s because of the large proportion of households
regsponding "$5" or "$10" to the second guestion, irrespective of treatment
group. Indeed, most of the correct responses for the whole sample can be
attributed to responses of "$5" for the 50 percent treatment group. Thus i1t
appears that the answers to the second question are not valid and cannot be

used for further 1nvestlgat10n.2

Program understanding has therefore been defined on the basis of the first
gquestion. The following defanition of understanding was used: a household
understood the program 1f i1t gave the correct response on any Pericdic Inter-
view {74 percent did so in Pittsburgh, 76 percent in Phoen1x}.3 A log-lineaxr
demand function was estaimated for all movers and also separately for those
defined as understanding and those not understanding (that 1s, never under-
stocd the general direction on any Periedic Interview). Variance ratio

tests for overall homogeneity in the relationships could not reject the
hypothesis of no difference between the groups. 2An additiocnal test allowed
the price elasticity alone to differ between the groups. Analysis of co-

variance could not reject the hypothesis of no difference.

In conclusion, 1t appears that though many households do not appear to have
understood the program {as understanding i1s defined here), their response to
the allowance payment can be analyzed as if they understood. It appears
more likely that households did not understand the question than that they

d1d not understand the program.

1

A correct response to the first question would be "go up." A correct
response to the second would be the actual dollar change, depending on their
treatment group, subsequent to a correct answer on the first,

2

It 1s true, however, that the proporticn of households responding
"$10" tended to increase with the percentage rebate level, so that the mean
dollar estimate increased as well.

3A more restrickive definition, understanding on all Periodic Inter-
views, resulted in a much smaller sample (25 percent wnderstood in Pirttsburgh,
and 29 percent in Phoenix).
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Table 6-7

PARTICIPANT UNDERSTANDING COF THE RELATIONSHIP
BETWEEN RENT AND ATLOWANCE PAYMENT

TIME OF RESPONSE

UNDERSTCOD DIRECTION
OF THE RELATTIONSHIP

UNDERSTOOD BOTH THE
DIRECTION AND THE AMOUNT

Pittsburgh Phoenax

pittsburgh Phoenix

S5i1x months after

enroliment 56% 6l 14% 12%
One year after
enrcliment 56 54 19 18
Two years after
enrollment 45 49 20 25
SAMPLE SIZE {171) (142} {171) {142)

SAMPLE: Percent of Rent houscholds active at two years after
enrollment, excluding those with enrollment incomes over the eligibility
limits and those living in their own homes or in subsidized housing.
First, Second, and Third Periodic Interviews.

DATA SOURCES:
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APPENDIX I
DESIGN OF THE DEMAND EXPERIMENT

This appendix presents a brief overview of the Demand Experiment's purpose,

data collection precedures, experimental design, and sample allocation.

I.1 PURPOSE OF THE DEMAND EXPERIMENT

The Demand Experiment 1s one of three experiments establiashed by the U.S.
Department of Housing and Ufban Development (HUD) as part of the Experi-
mental Housing Allowance Program.l The purpose of these experiments 1s

to test and refine the concept of heousing allowances.

Under a housing allowance program, Money is given directly to individual
low=-income households to assist them in cbtaining adequate housang. The
allowance may be linked te housing either by making the amount of the
allowance depend on the amount of rent paid or by requaring that house~
holds meet certain housing requirements in order to receive the allowance
payment. The initiative in using the allowance and the burden of meeting
housing requirements are therefore placed uwpon households rather than upon

developers, landlords, or the government.

The housing allowance exXperaments are intended to assess the desirability,
feasibility, and appropriate structure of a housing allowance program.
Housing allowances could be less expensive than scome other kinds of housing
programs. Allowances permit fuller utilization of existing sound housing
because they are not tied to new construction. Housing allowances nay
also he more: equitable. The amount of the allowance can be adjusted teo
changes in income without forcing the household to change units. House-
holds may also, if they desire, use their own resourcaes (either by paying
higher rent or by searching carefully) to obtain better housing than is
required to qualify for the allowance. Aas long as program regquirements
are met, housing allowances offer households considerable choice in
selecting housing most appropriate to their needs-~-for example, where

they live {opportunity to locate near schools, near work, near friends

1
The other two experiments are the Housing Allowance Supply

Experiment and the Administrative Agency Experiment.
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or relatives, or to break out of racial and socioeconomic segregation)

or the type of unit they live in (single-family or multifamily)}. Finally,
housing allowances may be less costly te administer. Program requirements
need not involve every detall of participant housing. The burden of
cbtaining housing that meets essential requirements 1s shifted from

program administrators to participants.

These potential advantages have not gone unguestioned. Critics of the
housing allowance concept have suggested that low-income households may
lack the expertise necessary to make effective use of allowances; that
the increased supply of housing needed for special groups such as the
elderly will not be provided without direct intervention; and that an
increase in the demand for housing without direct support for the con-
struction of new units could lead to a substantial inflation of housing

costs. 1

If housing allowances prove desirable, they could be implemented through
a wide range of possible allowance formulas, housing requirements, non—
financial support (such as counseling), and administrative practices.
The choice of program structure could substantially affect both the

program’'s costs and impact.

The Demand Experiment addresses issues of feasibility, desirability, and
appropriate structure by measuring how individual households {as opposed
to the housing market or administrative agencies) react to various allow-
ance formulas and housing standardé requirements. The analysis and

reports are designed to answer six policy guestions:

1. Participation

Who participates 1n a housing allowance program? How does
the form of the allowance affect the extent of participation

for various households?

2. Housing Improvements

Do households that receive housing allowances improve the

quality of their housing? At what cost? How do households

The issue of anflation 1s being addressed directly as part of
the Housing Allowance Supply Experiment.



that receive a housing allowance seck to improve their

housing-~by moving, by rehabilitation? With what success?

3. Leocational Choice

For participants who move, how does their locaticnal choice
compare with existing residential patterns? Are there non-

financial barriers to the effective use of a housing allowance?

4. Administrative Issues

What administrative issues and costs are involved in the -

implementation of a housing allowance program?

5. Form of Allowance

How do the different forms of housing allowance compare in
terms of participation, housing quality achieved, locaticonal

choice, costs (including administrative costs), and equaity?

6. Comparison with Other Programs

Hcow do housing allowances compare with other housing programs
and with income maintenance in terms of participation, housing
gquality achieved, locational choice, costs {including adminis-

trative costs), and equity?

The Demand Experiment tests alternative housing allowance programs to

provide information on these policy issuges. While the experiment 1is

focused on household behavior, 1t also offers data on program admnistration
to supplement information gained through the Administrative Agency Experiment.
Finally, the Demand Experiment gathers direct information on participants

and housing conditions for a sample of households in conventional HUD-
assisted housing preograms at the two experimental sites for comparison

with allowance recipients.

I.2 DATA COLLECTION

The Demand Experiment was conducted at two sites~-Allegheny County,
Pennsylvania (Prttsbuzgh}, and Maricopa County, Arizona (Phoenix) .
HUD selected these two sites from among 31 Standard Metropolatan
Statistical Areas (SMSAs) on the basis of their growth rates, rental




vacancy rates, degree of racial concentration and housing costs.
Pittsburgh and Phoenix were chosen to provide contrasts between an
older, more slowly growing Eastern metropolitan area and a newer,
relatively rapidly growing Western metropolitan area, In addition,
Prttsburgh has a substantial black minority and Phoenix a substantial

Spanash american minoraity population.
Most of the information on partiecipating households was collected from:

Baseline Interviews, conducted by an independent survey opera-
tion beforae households were offered enrpllment;

Initial Househeld Report Forms and monthly Household Report
Forms, completed by participating households during and after
enrollment, which provided operating and analytic data on
household size and income and on housing expenditures.

Supplements to the Household Report Forms, completed annually
by participating households after enrollment, which provide
data on assets, income from assets, actual taxes paid, income
frem self-employment, and extracrdinary medical expenses;

Payments and status data on each household maintained by
the si1te offices;

Housing Evaluation Forms, completed by site office evaluators
at least once each year for every dwelling unit occcupied
by participants, whach provide information on housing quality:;

Periodic Interviews, conducted approximately six, twelve,
and twenty-four months after enrollment by an indepsendent
survey operation; and

Exit Interviews, conducted by an independent survey operation
for a sample of households that declined the enrollment offer
or dropped ocut of the program.
Surveys and housing evaluations were also administered to a sample of
participants in other housing programs: Public Housing, Section 23/8

Leased Housing, and Section 236 Interest Subsidy Housing.

Since households were enrolled throughout the first ten months of
cperations, the coperational phase of the experiment extended over
nearly four years in total. Analysis will be based on data collected
from households during their £irst two years after enrollment in the

experiment. The experimental programs were continued for a third year



in order to avold confusion between participants’ reactions to the
experimental offers and their adjustment to the phaseout of the
experiment. During their last year in the experiment eligible and

interested households wers aided in entering other housing programs.

1.3 ATLCWANCE PLANS USED IN THE PEMAND EXPERIMENT

The Demand Experiment tested a number of combinaticns of payment formulas
and housing requirements and several variaticns within each of these
combinations. These variations allow some possible program de31g£s to
be tested directly. More importantly, they allow estimation of key
responses such as participation rates and changes 1in participant housing
wn terms of basic program parameters such as the level of allowances;
the level and type of housing requirements: the myinimum fraction of

1ts own income that a household can be expected to contribute toward
housing; and the way in which allewances vary with househcld income

and rent. These response estimates can be used to address the policy
questions for a larger set of candidate program plans, beyond the plans
directly tested.l

Payment Formulas

Twe payment formulas were used in the Demand Experiment--Housing Gap
and Percent of Rent.

Under the Housing Gap formula, payments to households constitute the
difference between a basic payment level, C, and some reasonable fraction

of family income. The payment formula is:
P=C~-DbY¥Y

where P is the payment amount, C 15 the basic payment level, "b" is the

rate at which the allowance i1s reduced as income increases, and Y is

lThe basic design and analysis approach, as approved by tha HUD
Office of Policy Development and Research, 1s presented in Abt Associates
Inc., Experimental Design and Analysis Plan of the Dsmand Experiment,
Cambridge, Mass., Bugust 1973, and in Abt aAssociates Inc., Summary
Evaluation Design, Cambridge, Mass., June 1973. Details of the operating
rules of the Demand Experiment are c¢ontained in Abt Assocrates Inc.,
site Cperating Procedures Handbook, Cambridge, Mass., April 1973.




the net family lncome.l The basic payment level, C, varies with household
size, and :s proportiocnal to C*, the estimated cost of medest existing
standard housing at each s:.te.2 Thus, payment under the Housing Gap
formula can be interpreted as making up the difference between the cost
of decent housaing and the amount of 1ts own income that a hougeheld

should be expected to pay for hous;ng.3

Under the Percent of Rent formula, the payment i1s a percentage of the

household's rent. The payment formula 1S:
P = aR

where R 1s rent and "a" is the fraction of rent paid by the allcowance.
In the Demand Experament the wvalue of "a" remained constant cnce a

household had been enrolled.4

Housing Reguirements

The Percent of Rent payment formnla is tied directly to rent: a house-
hold’s allowance payment is proporticonal to the total rent. Under the
Housing Gap formula, however, specirfic Hbuszng requirements are needed to
tie the allowance to housing. Two types of housing reguizrement were

used: Minimum Standards and Miniamum Rent.

lIn addition, whatever the payment calculated by the formla,
the actual payment cannot exceed the rent pa:xd.

2 .
The housing cost parameter, C*, was established from estimates

given by a panel of qualified housing experts in Pittsburgh and Phoenix.
For more detailed discussion regarding the deravation of C*, refer to
Abt Associates Inc., Working Paper on Early Findings, Cambridge, Mass.,
January 1875, Appendix 1I.

3As long as their housing met certain reguirements {discussed
below), Hou