











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the Minampr Rent requirement; the point (E, Z) is on the same indifference

1
curve asg (Ho' ZO}-

The difference between %, the level of nonhousing goods that the household
can afford with its own income while purchasing B, and %, the level indif-
ferent tec its original posgitaon, is A%, the minimum payment at which the
househcld will partzeipate. As long as the indifference curve is strictly
concave, A*¥ will be positive, but less than (ZO - %), the payment that
would allow the houscshold to maintain its original level of nonhousging

consumption, ZO’ while meeting the housing regquirement. Thus

£ —_ 3 o
{9) 0 <a* <p(B-H), if BE>H.

The effect of a change in the housing reguirement is shown in Figure XVII-3.
As E 1s increased from EO to Bl' the distance between the budget line and
the indifference curve UO increases, and increases at an increasing rate.

Thus

{10)

The effects on A% of changes in income i1s illustrated in Figure XVII-4. 2An
increase in income shifts the budget line up. As drawn in Figure XVII-4,
the effect is to reduce A*. That is

JA*
Y

{11) < 0.

This depends on the assumption that housing 1s a normal good (expendatures
on housing increase as income increases). Intuitively, 1f housing is normal
and income increases enough, the household will reach the required expendi-

ture level, and A* will fall to zero.

The rest of this section develops the basic analytic framework for the

Minsmum Rent requirement and establishes the following theorem.

l‘1‘1'1:%.5 analysis abstracts from a host of issues. It assumes perfect
rationality, nc moving or search costs, and no other disincentives to parti-
cipation. The importance of these assumptions is discussed in Section XVIT.S.
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Figure XVI1-3

THE EFFECT OF CHANGE IN HOUSING REQUIREMENTS ON THE
MINIMUM PAYMENT REQUIRED FOR PARTICIPATION

NONHOUSING
EXPENDITURES

HOUSING EXPENDITURES

Figure XViI-4

THE EFFECT OF CHANGE IN INCOME ON THE MINIMUM PAYMENT
REQUIRED FOR PARTICIPATION

NONHOUSING
EXPENDITURES

E
HOUSING EXPENOITURES
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Theorem 5 {(Minimum Rent with Constant Prices). Under a Minimum
Rent requirement, pix) > ¥, the minimum payment required to
compensate an individual for meeting the requirement is defined by

A% = px(x, Pl: Pzr ¥) !

where
r + the Minimum Rent requirement
p:L = the vector of housing component prices

B, = the vector of nonhousing cammodity prices

Y = money Lincone.

For any given set of pricves, A* has the properties when r > pixi:
. Q

a. r = pixy > A% > 0

o L >Ap >0

¢, =1 <« A; < Q everywhere and Afy < 0 everywhere if and only »f
p7(92,73Y) > 0 everywhere, that is, af the camposite commodl ty
Formed of elements inciuded 1o rent is a normal good

d. A;r > Q

e, ., > 0 ¢vexrywhere 1f pj(9x1/3Y) > 0 and pi{Ble/aYz) < D every-
where (sufficient condition). This condition will be mel, for
example, if the income elasticity of the composite commodity,
%y, is less than one and constant or declining as income
increases.

The rest of this section proves Theorem 5.

Congider the mirimum 1OCOmME necessary to remain at the initial utility level,

¢ (p, Y), while meeting the Minimum Rent reguirement of Bguation (8)

(1) T;? Y = pixl + Py, s.t. U(xl, x2) > ¢lp, V), pi¥, 2 T

then the minimum payment, A%, 1s defined by
(13) AY = ¥ - ¥,

Gunce ¢ is a minimum, A* will be positive Lf the Mininum Rent requirement

is binding (af p;xi < ).

From Equation (12), A* 1s a function of (r, Pyr Py ¥Y. Applying the

Envelope Theorem and substitubing anto Equation {13), the derivataves are
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A* =
o Y

o
1

.
:g<
#

- Yie a0 - - wyS L 00
(1 T)xl i u¢P (] Y)xl HATX

(14) .

* o oo AL &
Apz %, 4 u@pz = X, KA %

g~ L o= [A° -~
u¢y H

»
#

vhere ¥ and I are the Lagrange wultapliers for the constraints (pixl - r 20

and (U ~ ¢ 2 0}, respectlvely.l
The First Oxdexr Conditzons (FOC) for Bguation (12) are

(- Y)pl ~ HOx, 0

p2 - qu2 =

Ulz,, x.} - ¢(p, ¥) =0
(15) Bl

Y(plxl -r) =10

u > 0.

But these ave the FOC for the Expenditure Dual defined by Eguation (4) with
ﬁl = {1~ Y)pl. Honce ¥ 1s delined by

(16) ple[(l - Y)Plr Py pip, ¥)] = r
and

(xl, xz} = x(pl, Py $(p, ¥))
(17) Aot Ay Pyr $(pr 1))
By v (1= Mp

where ﬁl 1s the level of prices that will support expenditure "r." HNotice

that the support prices, ﬂl, are samply a proporticnal shift of the inatial

[

lThe right-most expressions in Bguation (14) follow f£rom application
of Theorem 3.
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housing price vector. Thus, when initial prices axe fixed, the X, and X,
bundles can be regarded as two composite compodities and the Minimum Rent
requirement as requiring a fixed level of the housing bundle. This yields

strong propositions on the signs of the A* deravatives.

By the FOC, Y 1s positave unless the household already meets the constraint
(unless pix9 2 r). Hence
11
% - O
(18) AL > 0 for P13y < x.

The expression for A; involves (A°/% ~ 1). The size of (A°/3) 1s established

Ly
Ap, I} = Ap, Y(p, U)) (from Equation (5})
3A dA " oA BY JA oA
‘5“*\ '55‘ hp T el "W
Plu Y v
Bub
Qu
ATy
N . AU L 2y = . SA L8R
apl T 9pdY sp(Ax) = =55 7 Ay
Hence
(19) Pla .
P -
~ - o - ‘_—)_i
l(pl, UO) AWexp j.(ay)dp

P
where dp 1s some path connecting py and p. (Notice thai 9x/0Y is cvaluated
along the indifference surface and is a function of prices and the wdiffer-

aence level.}

Since p < P A <1 if (axl/aY) is everywhere positive (if the elements of
the housing bundle are everywhore superior). Indeed, since p is proportional
to p, the path, dp, can be written (dp = pdt), and
(1 ;Y) _ 1 Bx]
(20) A, 1%y = 20 exp —fpg sae] =2 expf p] 5% 9t
i {1~ )
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Thus (lo/i) is less than one if the composite housing commodity is every-

where normal.

sive enough definition of x

{21)

This is intuitively reasonable in the large.

. ‘Thus
1 ox
R Pl 3%
-%— - 1 <0 af
A .0
piXy < r.

Empirically, this seems a reasonable assumptaion for an inclu-

— 1 everywhere > G

If the housing bundle is_a

normal good, then as income increases, housing expenditures will increase

and eventually reach the Minimum Rent requirement.

The second derivatives of A% with respect to Minimum Rent reguirement and

nceme follow. From

A%
ja s

h*

(22) Ty

A¥
Yy

Equation (11)

If

aY
oY

oY
3y

s 0o/ .

Y

From Faguabion (16) the value of ¥ is defined by

pixl[(l - Y)Pl; P,e Blp, V)1 = r.

Hence
y e Ai—
(23) ry
and AF
ry
(21)

1f the composite housing commodity g superior (that is, if pigg—

i

By Theorem 2,

since if Y- (3% /apl

violates Theorem 2. 1U

the submateix (axljapl
Y = 0,

2

~

X -
oY - 1 b ! o O1
T 1 apj 1
EYR A TN
aY 1 apl 1
) axl 3 _' l
L1 Bp] 1 pl 3Y
T ua
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Q

< Q,
A

3%
> 0),

) must be negatave definite
then (Y7, 0) is orthogonal to (Dx/dpl } which




Fanally,

o f)a‘
= 2 A} L3 f@
Aoy oviz oy SR oy dp
PO
B
o 2 .0
0,2 L ) ox A
(25) RN |Gt B e I B RS
o

From Bquation (24), 9Y/3Y iy negative. Thus A;y will be positive af
((32x’/3Y2)p1) 1$ negative (since ﬁ < pO}. This appears to be a reagonable
condition., If the income elasticaity of the housing bundle 1s less than one,
the condition is met 1f the elasticaty is constant or decliming as income
increases (1f the reduction 1n the proportion of income spenft on housing is

congtant or increasing), as shown below. If & is the elasticity of a good,

l!x'" f-hQn
. X
s Y X
2 2
9 3x ¥ (9.’5)24_1 .].iﬁ&azﬁﬁiﬁ.}*[gz - E)
Ay 2 % . 9Y 2 Y x 2 x Y
ay ® dy

. >
which is = 0, as

Adv

Ko, 2
"""“(é_, - g).
oY ¥2

1 £ < 1, then (Ez ~ £y < 0 and 0&/3Y = 0 implies Bzx/BYz < 0.

Thus
3;.:1
- * » '.4-.-.-.-.-...-.-1-._'/‘0
{26) AYY G af Py 3Y2
which i1s satisfied if the incame elasticity of demand for the composite

housing bundle is less than one and constant ox declining with inceome.
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Xv1I.3 PRICE CHANGES AND PARTICIPATION UNDER A MINIMUM RENT REQUIREMENT

Housing 1s not a single, homogeneous good. The cost of equivalent housing
may vary substantially from one area to another and even within areas. In
addition the relative cost as well as need for various features (construc-
tion materzals, arr conditioning, central heating, yard space) may vary
substantially. This raises important issues of how pavments should be
varied to take account of price differences, and for a Minimum Rent condi-
tion, how the Minimum Rent level should be adjusted to maintain some real

level of housing.

These questions are not really answerable in terms of individual behavior
(nor indeed without clear specification of goverment objectives). Most
feasible peolicies must necessarily be bhased on and evaluated in terms of
indices derived from aggregate behavior. This section, therefore, is

confined to discussion of one special case in which the prices of housing

and nonhousing goods are each adjusted proportionally.

If the housing and nonhousing price vectors only change proportionally, then
the housing and nonhousing bundles form two compeosite commodities. In this
case, the Minimum Rent requirement may be thought of as setting a level for
the composite housing bundle, while allowing individuals to choose the
exact composition of the bundle. This subsection explores the implications
of a policy of adjusting the Minimum Rent requirement to offset (propor-
ticnal) 1ncreases in the price of housing and maintain the "real" housing
requirement implicit in the Minimum Rent to give the following thecrem:
Theorem 6 {(Proporiticnal Price Changes}. If the component prices

of the housing bundle change proportionally and 1f the Minimum
Rent level 15 adjusted to reflect changes in the price of housing by

dr dP1

r Pl

and if the composite commodity, housing, is a superior good, then

a. A¥ > 0
By

b, A* >0
I'Pl

C. A?P <0

1

d. A% > 0.

PPy
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Define ®y and B, A8 composite comrodities. Under an adjusted Minimun Rent

policy, Lthe Minimum Rent condition bocomes

(27) L o

and Fquation (12}) 13 written

(28) Min ¥ = pixl + pzx2 sk U(xl, xz) > p(pe ¥}, x

L=

1

and Rquations (14} becowme

AF .
AL Py
P o, O
Apl Xy 163 /A)xl
(2% O, O
Ko 3 -
Ap x, (A /h)xz
2
O e ;
A* = ) - 1
- (A /2)

where (plY) is the Lagrange maltiplier for Lhe condition (; > e), defined

1
by

{(30) Kllpl(l = Yy Py d{p, )1 = e.

The derivataves Aé and A; are as before except that since r = P,e, Aé = plA§,

and x1 and x2 are now scalars.

The quantity, ﬁl' 15 aimply e, the real constraint level, so that ﬁl is

el . . . .
greater than xl 1f the coustraint is binding. Tn this case, since there
are only two comaodities, x2 must also be less than x], since Xy and x? must

o
be compensated substitutes (gee Theorem 2}. Since A /L is also less than

OTE,
B > 0
(21) Py

A; ig of wndetermanate sign.

The indcterminatencoz of AE reflects the usual doukle action of price
“ 2
chauges; Inoreascs in P, both shift consumption towards housing, which
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would reduce A% (holding real intome constant} and reduce real 1ncome.l

In the case of changes in Pyr these two effects act in the same direction.

The second derivatives with respect to price are

ax o Bl A 1
ep, apl ep, 3}_32
©/ 3 (\°/
A% = B{r/A) nx - {a /A)
yPy o, ¥E, P,
o3 on
5(2°/%) o (2 1
o & o on
a = 22054 e (YA
P18 py 1 NR I/ BRy
Ll o
3 ~ a
ae ) ax, fIpY . sz ) 3 (2°/%) o _<E:) X, ‘
PPy bpp \3p, /%y %@, T2 W /TP

lWhile it 1s true that the income compensated sign of A§ is clearly
negative (Aﬁ (campy=i2- xg), no simple conditions on the demand functions
will yvield a“clear sign for the uncompensated derivative, even though in the
immediate neighborhood of e = x?, the sign is determined by the gross cample-
mentarity or substitutability of x; and X5. When the housing reguirement

is not banding, pj = pq and Af;z = 0, As "e" is increased, f)l falls. But
along the indifference curve

* ~ ]
o5, 3, #4130 o
8pl 3Pl 3 5\ 2
1

[*

where (9%,/5Y) 1s (ax]_/aY) evaluated at @l. Recalling that the compensated
price derivataives are symmetric

* ~ [a]
i 73 B | R/ S
3N 3p,, aY {3 T2 2
u Vg
9K 9%
- = + a%
3P, 3Y “p,
Y

If ». arnd X, are everywhere gross coTplements (L.e., 9% /apzlY < 0), then
this derivative will be negative at py; = pP1. Thus as "é&" 1s il;zcreilsed -
(b; falls), Ab, will be inmitially positive and the sign of (dRpy/dp1ly) is
unclear. Samilarly if x3 and X, are gross substituges, Aﬁg will again start
with the opposite sign in the neighborhood of e = X, -

2~-205




8y Equation (30}

3 {py M sk, |\ |/e%, %, o
5%, |, EXN AR
u u
(33
ﬁl . N an o 3
= 1 = |—=ss i B R
N (1 ) N Xy ” 0 af A 0
Likewise,
~1
alpy Y 3%, | & I
',  \3P) ENXD
u u
'...1 - .
(34) . (2 Bil_ ‘,Eﬁﬁxo#g
apl 392 aY 3 2 2
u i y
.-.1 ~
331 {ax axl
o+ e 4........_1: -+ % A¥
Py ® Py
ua i Y
which shares the indeterminacy in sign of A;z.
BY Equation {21)
3R 5 (p. ax”
N 16 7/ S RS G e O At LA WP
¥Py apy 3 1%Y 391 :)'¢

But by Bquation (33), (1 ~ aplY/apl) is negative if Bxl/BY 1s gverywhere
positive, so that

A* >0

YPy, 0%,
(35) 1f 57 is everywhere positive,
A* > 0
PPy

while the sign patterns of derivatives with respect to p, are indeterninate.
It is also interest.ing to consider proportional changes in Py without
adjusting the Mimimum Rent requirement. From Equation (14)

oy G- VT - -f«f’- p7sS-
Since r » pixi, the critical factor i1s the relative sige of (1 - y) and

(lé/ﬁ), hoth of which are less than one. Unfortunately (1 - y) is smaller
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than (lo/ﬁ}. Fraom Equations (23) and (19)

- 1-1
sca -1 _ | %1 <o
ar Pivep.| |F1
1
o - o, fax’ [ /a2 -1
(36) 3 /A _ (L)(_l P) . 1 <0
or by Y 1 I apl . 1

o ax’
a(L - v) | a0°/4) A1
5r T Bz lfl‘(i)ay Py)-

But (Ao/i) 1s legs than one and if (3x2/3Y) 1s positive, {(Gxi/aY)pl) 1s also

less than one.

The quantity (1 - ¥)r 1s the expend:iture on housang valued at the support
prices, §1 = (1 - Y)pl. Thus a sufficient condition for piA; > 0 13 that

the compensated price elasticity be larger than one in absolute value,

The effect of general price changes are impossibkble to predict without detailed
defimition of the form of the utility function. This is true even under gen—

eral adjustment policies. Consider, for example, the polacy that sets the

Minimum Rent level by

.0

E P1FY

This policy includes adjustment of Eguation (27) as a special case under

dpl = pl. Under such & policy,

o
- A r o
4 * = - - = - —_— .
(38) Apl Ardr (1 Y)xl 3 v Pix‘f X

. L R o .
The coefficient of X, is greater than the coefficient of %, since

Ao r r A
{L=-%Y¥)-|+- Yy==i=1+vl=5~ 1] -5 > 0.
(i Pi*i Py A
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However, the sign pattern of (ﬁl - xi) 18 not generally known and hence

dpl {(a* + A¥*dr) may have any 51gn.1
1 = L
The real 1ssue 1s not the general sign pattern of A; but the adjustment

mechanism for "r." This is most immediately apparen% in considering how
the Minzmum Rent requirement should vary across cities. Clearly a fixed
dollar requirement will result in very different real housing requirements
as = varies. On the other hand, even a plausible adjustment mechanism
such as that posed above in Equation (37) has obvious defects. In particu-
lar, if ﬁl # xl, there will bhe sets of price changes that leave the 1ndéx

unchanged while substantially changaing p'h and thus the effect of the Mini~

x
11
mum Rent regquirement, and samilarly there wall be sets of price changes that

will change the index without affecting the value of piﬁl.

These issues appear, however, to be better pursued in the context of aggre-
gate models than in terms of individual behavior and will not be explored

further in this appendix.

lFurther conditions can be placed on the demand functzons. If, for
example, every component of the houging bundle is a compensated substitute
for everyv component of x_, then since

u w
by Theorem 2:
ke { I VY e X B SN
P i sp 2
1 a 2 "
sSinge
B N i B W Y 17
ot 3D, P1l\5r
u

in this case, ail/ar > 0 and (%X, ~ xﬁ) > 0. This will occur if the utalaty
function can be written as UIf(xy), g{x;)]. But such additional assumptions
seem unwarranted.
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XVIT.4 PARTICTPATION UNDER A MINIMUM STANDARDS HOUSING REQUIREMENT

Under a Minimum Standards housing requirement, eligible households are

offered a payment, S, i1f they meel the condition

{39) X, > e

r

where Xy ig some subset of commodities (specaficaily a set of housang charac-
teristics such as fleoor space, number of rooms, or the ratio of window area
to floor area). As with minimum rent, the household will accept the offer

if 12t can reach a higher level of utilaty by accepting--if the payment, S,

18 greater than the minimum payment needed to compensate it for meeting the
Minimum Standards reguirements. The rest of this section examines the value

of this minimum payment (A%).

This section has two parts. The first establishes properties of the minimum
payment (A*) function for Minimum Standards. The second compares Minimunm

Standards and Minimum Rent requirements.,

Properties of a Minimum Standards Reguirement

The praincaiple ambiguirty in establishing results for Minimum Standards arises
from the fact that i1t is impossible to say which of the requirements will in
fact be bindang. In particular, as will be shown below, the fact that ina-
tial consumption is greater or less than the requirement for some single
item does not 1mply anything about whether or not that requirement is kbind-
ing. Thus for example a household may start with more rooms per person than
is required by the standard. Faced with a requirement for higher guality
rooms, it may well want to reduce the number of rooms below the standard.

On the other hand, if size and quality were complementary, a houschold that
failed to meet either requirement initially mighi, for example, elect to
exceed the size requirement, given the quality requirement. These effects
are matters of taste and stand apart from the apparent fact that high levels
of certain features may only be available in combination with haigh levels

of other features.

Although this ambiguity prevents completely general results, the following

theorem covers a wide range of situations.
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Theorem 7 {Minimum Standards). Let A* be the minimum payment necessary
to compensate a household for meeting a Minimum Standards condition
(xl z e}, then

A*

B

A¥ (e, Pyr Py Y)

where
¢ = the Minimun Standards

Py the market prices of the constrained set

p, = the market prices of all other commodities

i

Y money incame

and af el > xz for some 1,
a. plie - xo) >a* > 0
’ 1 1
b. Az 2 0 with some positive element

. (o}
C. ei > xi is neather sufficient nor necessary for A; ]
.l.

d. A%, is positive semi-definite and can be written as a positive
defanite matrix for elements that are blndingl with zero entries
for all other elenents.

1f, in addition, 9x_/3Y > O cverywherez for every element of the
constraint, then

b -l € a* < Q
¢ y

f. A; > QG 4f ¢ > xo {sufficient}
1 1 1

o]
- * - - Ed I> -.
g. p Ap » 0 if pie > pI% {sufficient)
h. AR, >0 1f 3°x/9%" < 02 .

1. PyApyp1)Py > 0 where py and Apjp; are restricted to the subset
’ for whach the constraint 1s binding.

The major thrusts of Theorem ¥ are most easily seen in temms of proporticnal

changes 1in the Minumum Standards requirements and the praice of the housing

items included in the list of requirements. For such shafts:

1ns will be shown below, the relation of e, and x1 does not aimply
anything about whether the 1t comstraint is binding.

2Condltions on wealth derivatives are sufficient.
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Jde
ox
JA* 1
(40} 57 < 0 zf 5y > O everyvwhere
2L DA% > 0 af Ef; > 0 everywhere and ple > pixo
N Py P, aY ywhere and pi€ » Pp¥;-

These results are intuitively plausible. In essence, they say that a house-
hold will require a larger payment to agree to meet more stringent require—

ments and that if none ¢f the components of %.1s ainferior, that is, if the

1
household meets the reguirements (or gets closer to meeting them) as incche
increases, then the amount of the required payment will decrease with income

and increase with an increase in the market praice of the reguired i1tems.

As with Minimum Rent, A* is defined by

e

{41) A* - ¥ - ¥
where
(42} Y = Min pyXy + p%, s.t. U{xl, xz) > d(p, ¥}, %, > e.
{x}
Thus
[ -
Ae = B
*=AHAOO
Apl Xl na xl
(43) ~ A0 0
E - -
Apz x2 A x2

where B 1s the vector of Lagrange multipliers for the condition (xl z e},

and 7 1s the Lagrange multiplier for (U Z ¢).

A=-211




The FOC for Bguation (42) are
(p; ~ B) ~ MUz =0
Py - ﬁuxz =0
(44) ﬁ[u(xl, x,) ~ ¢l =0
{Biﬁm}{xl -el =0

B, n) 2 0.

v

These are the FOC for the Expenditure Dual, Bquation (4), with @1 = (p; - B8) -
By Equations (44), each Bl 135 positive if X, = e and zero if Xqo > e, -
Hence

(45) A =8 20.

Note, however, that there is no necgessary relation between whether a con-
straint is binding (and hence has Agi > 0) and whether 1t was inatially met.
The intuition of this 1s straightforward. Even though a requirement, say on
Xgo 18 not met initially, if x, 18 strongly complementary with other compo-
nents whose levels must also be increased, the constraint may not bind once
the other levels have been reached. Similarly, if the level of X origi-
nally exceeded the reguirement, but X is a substitute for other components

that must be increased, the constraint on X, may become binding.

One interesting point is that if (xl = @) gives some Bi < 0, the required
A* will be reduced by allowing X1, to exceed e - Thus, the efficiency of
a housing allowance over direct construction may not only come from allowing
+he housechold to choose those features of the unit with which the government
is not concerned, but also from allowing the household to exceed the govern—

ment's requirements.

These facts may be proved as follows. If the Minimum Standards requirement
1s set at initial consumption (e = xi), then fC = 0. The change in 8

necessary to support a change in X, exactly egual to de 1is given by
1
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xl[Pl - B 921 d{p, )] = e
(46) ox, -1

3e = T \®p| ) -
u

The only restriction on (3g/3e) is that it be positive definite. This can
be seen as follows. By Theorem 2, the only restriction on (Bx/3p|u) 15 that
it be negative semi-definite of rank (n - 1}, with pf(ax/aplu) = 0. It 1s
ocbvicus that the submatrix (axl/apllu) must be negative definite (and hence
(¢B/de) be positive definite). Conversely, let (3B/3e} be any positive
definite matrix, and thus (axl/apl] } any negative definite matrix. Extend
{le/Bpl|u) to a negative definite %atrix, M, of rank {n - 1). TPhen define

g=- 2
Pn
1 2
(47) b = (—-—) 5 M
pn

Then 1t is evident that

(48) Z =
g, b

satisfies the conditions on {ax/ap[u).l

lThe price vector, "p," is orthogonal to Z by construction. That Z
1s negatave semi~definite can be seen as follows. Say that

Y'2¥ > 0.
From Equation (47) 2
el ind 2§)M_ﬂp' Yn -
YZY - YAY - ——=7Y +{— | p'Mp
Pn n P,

where the farst and last terms on the r.h.s. are negative by the negative
definiteness of M. But then as Y, goes to zero, ¥*ZY must hecome negative,
hence by continuity, there is some Y§ such that

-

¥
Z %% = 0.
¥vn) =0
But this implaes
¥ = ap.

{footnote continued on next page)
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$ince the only restriction on (3B/9e) is that it be positive definite, it is

clear that there may exist a strictly positive change, de, such that
3B
df = {ae)du

has some negative elements-l But this means that some clements of the
requirement (e = x? 4+ de} will not be binding even though (e > x?)-
Samilarly, there m&st also be positive definite matrices that ma§ a vecloxr
with negative elements into the positive orthant (for example, the inverse
of one that maps a straictly positive vector into one with same negative
elements). Thus we can also have (£ = dB > 0), every element of the con-
stratnt binding, even though some elements were original exceeded (i.e..

e = o i de has some clements less than xil).

¥y
Applying Equation (19) to A; yields

~

Py

49 Ax e -1+ (A%/R) = -1+ jaxl)d
(49) y = ( = exp [ 55 p-

P
Since
then

axl
Ak ] o .

{50) Ay 0 if o > 0 everywhere,

that is, 1f every clement of the Mimumum Standards set is everywhere normal.

This 'is a strong condition, since 1t applies to each component of xl. it as

obviously not necessary. Tt 1s not unreasonable in the large, however, to

(footnote contrnued from previous page)

Thus , Yn Yn 2
Y'zY = (pTup) et - 20 - 4 o
Py Py
vy \2
- a I
= {(p'MpY{a ~ T~} < 0
Pn

by a negative definate.
1Say that there 1s no such vectoxr, de. Then every colwmn of (3B/oe)
must be semi-positive, which is clearly not the case for every positive
defanite mabtrix.
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assume that the reguirements reflect "middle-class" tastes and generally

1
are ones that will be met more closely as income increases.
If the normality condition of Equation (50) 1s met, 1t also follows that

(51} A* > O for e > xo.
. 1 i

1

o
The condition el > xi 1s important, however. As discussed above, this 1s not
equivalent to e1 being binding. It is not inconceivable that some element,
XZ’ 18 greater than ey and is reduced to the minmmun as other elements are

increased.

The equalities in the derivatives are eliminated for proportional shifts.
If e £ xi, then A* is positive and some element of B 1is positive. Thus pro-

portional shifts in "e" always increase A¥

{52) e*Az = e”g > 0.

Similarly, if the superiority condition 1g8 met, proportional shifts in pl
increase A% 1f the cost of "e" as not less than initral housing expenditures
{1n effect, 1f "e" does not represent a lower level of the composite housing
good defined by pl)
~ O (o)
-~ * = - —_ -
PlAPl piX; - /A (p7x])

(53)
P Q 0 )0 - .. 0
2 pje (A /R)(Plxl) > 0 for pje 2 PIx,.

As with Minimum Rent the sign pattern of A; is indeterminate without specai-
2

fying the size of the substitution effect between 3 and Xy-

lIt would be desirable to find some price path for the integral in
Bqguation (49) that would yield aintuitively understandable conditions on the
housing bundle as a whole. None is apparent, however. Proportiocnal shifts
in prices give terms in (3x/9Y)“(pg - P;), where (pg - Py) are not the prices
supporting {9x/3Y). Proportional expansion of "e" gives terms in
(Bx/BY)‘(Bﬁl/aﬁli y~1l(e - x§). It should be clear, however, from the dis-
cussion concerning (98/%e), following Egquation (46}, that this term may have
any sign as long as 8x/9Y and e - xg are not proportional.

Given 0%/3Y and e ~ xf not proportional, select the orthonormal rotation Q
that rotates them until the ith aslement of each has the same or opposite sign
as appropriate. Then set X; as large as necessary and Q”(Aj8,5)Q will be a
(Bxlfapll ) that gives the desired sign.

u
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Ignoring the terms in Py {which are of indeterminate sagn), the matrix of

second order partials 1is given by

9B 3B R
- —— —_— = — = ———
A 5e’  Pe 5o Doy 5Y

Py i
(54) A% = .?.il'. - %° M’ - _ﬁ) Ei{_]; .
PPy \%Pp 14 9% A [\ PPy
¥
O ~

YN

Ay 3

The terms of df are zero for components where e, < ﬁl. Foxr the other compo-

nents, 4B is defined byl

(5%5) x,(py = Br Py o{p~- X)) = ¢
8% -
8B _{_L
de apl
u
~ -l el
{56) _B_B_= T - a_x]: Ex_l(ﬁ) XO,
9P, 3pl Y O\ 3 1
1u
8 _ [ Ei(xj)
[:}4 Bpl ¥ \3

u

Thus (98/de) is a positive semi~definite matrix so that

A# > 0, b* of indetermainate sign
e e, = eie3
(5’7} . N

e’d* e > 0.
ee

lFor components where e, is just binding, these expressions apply
only to changes that increase £ {e.g., nonnegative changes an "e").
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The sign patterns of (aB/apl) and (38/9Y) are indeterminate, even for pro-
portional shifts (see the footnote following Equation (50}).

The texm {3 (A°/A)/9Y) is given, following Egquation ({25), by

) o,
A% = —
vy 3y (A {l)
(58) o |f BF 2% - 927 2
vy X Y 3y oY
Py
But
3B A
apl 5y for xl = e
(59 2N .
0 for x, > e
1
and
A~ A - ~ —l
€0 _ 9% 28 _ Bxl Bxl Bxl l_ci oo
oY oY 3Y aplu oy |3

since (3§1/8p1{ ) is negative definite. Thus
u

3%

pr:4

5v2

{61} A§Y > 0 af < 0 everywhere,

Agzin, this is a strong condition, since it relates to each component.

The sign pattern on the price derivatives is unclear. If some of the ﬁll
exceed e r then Bi will not change for these components. Changes in Pis
for elements where ill > e, are like changes in the prices of the uncon~-
strained subset, and no sign can be established. Proportional changes in

the prices of the effectively constrained subset do have a clear effect,

however.
For X, =& p = (pl ~ B) and
op, 98
%, © " Bp,
1 Py
(62) 1 a2
B axl 3xl 20 o
“\wm | ] W%
P, X fl
i
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by Equation ([56). Thus

- ~ N ) O,
(A* I e T e R Nl O B Y e B
PPy aplu 9P, 1A 8Y \3p, 4
o axo % o
BN e T B G B
i Bpl Y 3 L
u
-1
(63) 2 {an ,
N PO T K Y 1 | Lo.
1 4% 3 {ap; Y 1
u
o, o o
2 o 31 0¥y 4 22 (¥
+ =X, o t o X - = | =

(64) pIAk pl > 0

since axl/aY > 0 lag assumption, and (3xl/‘apl‘ } is negative definite.
u

Comparison of Minimum Standards and Mipnimum Rent

It 1z clear from Section XVIIZ that a Minimum Rent requirement will never be

exceeded unlesgss the household exceeds it initially, that is

s = - O
(65) plxl(r) Max[¥x, Plxl] .

By Eguation {(12), %. is a minimum cost position. Hence if a given Minumum

1
Standards regquirement, "e," i1s not met by ;{1; an additional payment will be
required to compensate the househcld for moving to "e." Thus
{66) A*(r = pie) < A¥(e).

In additzon, the discussaion above showed that

(67) Ri{e) z e
so that
{68) plxl(e) z ¥ = pie,
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that is, expenditures under a Minaimum Standards requirement may exceed the
level required to just purchase the minamum bhundle. It should alse be clear,
however, that this expenditure level would not necessarily lead the house~

hold to purchase "e" without the constraint., Thus

(69) A% (r = piﬁlce)) < A* (o).

This establishes:

Theorem 8 (Comparison of Minimum Standards and Minimum Rent).
Under the Minimum Rent requirement:

r - pie

A% (r) < A*{(e)

Plxl(r) = rSplxl(e)

A% (r) < A¥ (e} 1f ¥ < piSEl(e).

Further
* = o *
A* (r plxl(e}) £ A¥{e).

Comparisons cannok, of course, be established for derivatives under the two
types of reqgquirements. The relative effect of changes in income, prices, or
requirement level will depend on whether the household, given expendirtures,

moves closer to or farther from the Minimum Standards vector.

ZVII.5 SOME UNFINISHED BUSINESS: EXTENTIONS GF THE MODEL OF INDIVIDUAL
BEHAVIOR

The preceeding sections have developed a more or less detailed theory of
discrete choice in a timeless, fractionless world with perfect information
and complete certainty, in which there are no disincentives to participation
other than the housing regquirements attached to the payment. The theory 1is
detailed, though at times inconclusive, with respect to the effects of pay-
ment levels, housing requirements, prices, and houschold income. It allows
for the existence of, but does not investigate, differences in taste due to
other demographic factors such as household size. HNor does it vebt really

investigate the link between participation and other behavior.

This section briefly discusses these issues and indicates possible exten—

gsions of the model to deal with them.
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Search and Moving Costs

One of the most straiking misspecifications in the model of windividual be-
havior presented in previous sections is the assumption that adjustments,
and in particular moving or rehabilitation, cost nothing in themgelves.

In fact, finding and movaing to a new dwelling unit may involve considerable
costs in terms of time, money, and psychic dislocation. The existence of
such transactzon costs complicates the model of individual behavior in

several ways.

Most obwviously, the minimum payment necessary to compensate an indivadual

for meeting housing requirements now is defined by

(69) S* = A¥ + M*
where
A* = the indifference payment defined i1n previous sections

M* = compensation for moving.

Notice that M* 1s zero for households that already neet requirements, or
would normally have moved and met them {and bence do noct have to be coupen-
sated for changing their housing). Further, one would expect that M*¥ would
be different depending on whether or not requirements could readily be met
by rehabalitation of the househeold's curéent unit as opposed to moving. In
addition, to the extent that the costs of moving are costs of movang alone,
as opposed to the costs of searching for a unit with particular characteris-
tics, then any housechold that would have moved anyway will not need to be
compensated for these pure moving costs. Further, moving costs may be
incurred again at the end of the experiment if households expect to have to
readjust their housing once the allowance payments end. Finally, M*¥ 1a a
capital cost incurred in order to receive payments; if S* is computed in

monthly payments, then M* is defined by

T
Som oo, T
1(1+r)t M (1 + )T
(70) .
ME = S gk
(L+x)}y -1 {(L+ )" -1
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where

{}
!

the cost of moving

the expected cost of moving at termination
(possibly zero)

il

the individual discount rate

the nunber of months the individual will receave
payments.

Thus M* increases over time as the household's remaining months in the

program decrease.

On the other hand, to the extent that the moving costs reflected in M* are
not monetary, they are income to the reciplent,l and so will be at least
partially offset by a reduction in A*, Thus the appropriate specification

of Equation (69) 152

(71) S% = A¥ (Y + N*) + M*
where

A*(Y + M*} = the indifference canpensation reguired at
income ¥ + M*

B

the discounted normonetary moving costs
{(if they are positive)

M* = discounted moving costs.

The purely financial costs of moving may not be large. The periodic inter-
views asked households that had moved how much it cost them to move.3 While
some households reported large costs, the vast majority (well over 20 per-
cent in Phoenix and from 73 to 88 percent in Pittsburgh) reported costs of
not more than $100 (sees Table XVII-1). Using the formula given in Egquation
(70) and assuming a discount rate of 7 percent, 30 months remaining in the

program and that the household does expect to have to move again at the

lCompensation for nonfinancial components of M* is not real income
in the sense of making the household better off. On the other hand, having
accepted the compensation, M*, the housshold then has to decide where to
spend it.
2N0te that since -1 < R§ < 0, nonmonetary meoving costs will only be
partially offsek.

3The exact question wag: "Altogether, about how much did it cost you
to move? Include things like wages lost because of moving, paying for some-—

one to help you, or paying for a moving van."
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Table XVII-1

HOUSEHOLD ESTIMATE OF THE COST OF MOVING

STANDARD PERCENTAGE SAMPLE
MERN  DEVIATICN  MINIMUM  MAXIMUM < %100 SIZE
PITTSBURGH
First Periodic $52 $53 0 $300 88% (285)
Interview
Second Pericdic 53 63 0 500 85 (218)
Interview
Third Periodic 85 109 a 1300 73 {301)
Interview
PHOENIX
First Periodic
%
Interview $16 $45 0 $800 28 (603)
Second Periodic 25 118 - I 200 a6 {409}
Interview
Third Periodic 22 -6 0 200 93 (495)

Interview

SAMPLE
interview.

Households that reported having moved since the previous

DATA SOURCES:

First, Second and Third Periodig Interviews,
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end of the experument, a hundred dollar cost for each move would require

" monthly payments of only nine dollars. These figures are admittedly only
for households that did move. More importantly they do not include either
psychic costs, search time, or the loss of lower rent levels associated

with long tenure in one unit.

In additicon to these direct effects, the exastence of substantial moving
costs would suggest that indivaduals may not be in equilibrium when they
receive the experimental offer. Thus on the one hand, the compensating
payment (A*) may be different from that implied by equilibrium (a source
of noise in estimating the relation between A* and income, prices, and so
forth}, and on the other hand, to the extent that the household is about

to move anyway, the term M* would not enter.2

Furthermore, adjustment costs suggest that households will attempt to match
their housing to some long run position, that the relevant independent vari-

ables are some sort of "permanent" aincome, household size, etcetera.3

In summary, the transaction costs associated with finding and moving to a

new unit may mean that hougeholds will behave differently depending on whether

lPrelimlnary estimates of hedonic indices for the two sites estlmate
that households that have lived in the same unit for five to ten years pay
almost 14 percent less rent in Pittsburgh and over 17 percent less rent in
Phoenix than new tenants in comparable units. See Merrall (1276, p. 52).

It should be noted, however, that these reductions may not i1n fact reflect

a tenure discount. If households with "good deals" tend to hold onto them,
then proportionately more long-tenure households would have rents below maxr-
ket value and hence show a negative coefficienkt for tenure in hedonic regres-
S10nNs.

2Note that disequilibrium affects whether or not a household is willing
te take up the offer in terms of moving. Once the houschold decides to move,
the offer must still be better than the egqualibrium position (as it weuld be
if in combination with the diseguilaibrium position it leads a household to
move} .

i 3This is not the only reason why current income, in particular, may
not be an appropriate variable. Considerations of smoothing lifetime con-
sumption and uncertainty about future income also enter, complicated by less
than perfect capital markets. No modeling of this is proposed. Various
proxies such ag average income or estimated {(instrumentally)} permanent in-
come may be desirable, however.
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or not they either do not have to move to meet program reguirements or would

have moved anyway.

It may be noted in passing that the theory of participation provides an ob-
vious bagsis for a theory of mcbhility. The cost to a household of being out
of equilibrium 1s defined by A*. Thus moving decisions in general could be
characterized in terms of the present discounted value of moving costs and
the cost of being out of equilibrium, A%(E = Rt}. As will be shown in a
later subsection, this implies, for example, that only under special restric-
tions can the cost of disequilibrium and hence mobility decisions he charac—
terrzed in terms of the stream of (R* - Ri) or (Rt/Ri) when R* are degsired

t t

expendatures (in a frictionless world) and Ri are actual expenditures.

Shopping Behavior

Cne potentially impertant problem related to moving involves the effects of
program offers on shopping behavior. It is apparent that information 1n
rental markets is i1mperfect enough to allow at least some variation in hous-
ing prices. How much a household pays for a given type of unit is, there-
fore, dependent in part on luck and on the household's efforts in shopping
for good deals.l Any housing requirement reduces the set of acceptable umits
and hence may change the average price that must be paid by tenants that move
to find such units. This is most evident in the case of Minimmm Rent require-
ments, which clearly eliminate good deals from among types of units with
average rents near the Minimum Rent level, but it may apply to other require-

ments as well,

As a result, as noted in Chapter 4, the change in housing obtained in meet-
ing some housing requirement may be less than proportional to the change in

expenditures, making the program offer less attract1ve.2

Uncertainty

In general, individuals may be uncertain about the choices avairlable to
them, mistaken in their understanding of the choices, uncertain about their

preferences with respect to the c¢hoices, and unable, having decided on a

1See ¥ennedy and Merrilil (1979).

2For comparisons of real housing changes with changes in howusing
expenditures, see Kennedy and Merrall (1979) and Friedman and Weinberg (1978
and 1979},
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course of action, perfectly to control or predict the actual outcome of the
action. These phencmena are not well understood, and are not likely to be
well modeled within the course of this analysis. The fecllowing paragraphs
mndicate standard ad hoc characterizations of the problems they present and

suggest the nature of their impact on the analysis.

The first two uncertainties sinply say that the observed variables charac-
terizing an individual's situation will differ from the variables on which
the individual makes deciszons. Such errors in variable problems are well
established in social scrence and dealt with in fairly standard, if agd hoe,
ways. Indeed, as long as the problem involved is to predict behavior, given
values of the errconeocusly measured cbserved variables, there is no problem
at all; estimated effects may have a larger variance of estimate when based

on erroneously measured independent variables, but are unbiased.

The real problem arises in inferrang the effects of other wvariables. Thus,
for example, if policy makers, as seems likely, are interested in the normal
or average 1ncome compogsition of participants, it may be desirable to analyze
partieipaticon in terms of normal (average, permanent) income over several
vears, 1ncorporating the relationship of the true variables to this measure
rather than, for example, income at enrollment. Samilarly, o the extent
that individuals' understanding of their situation improves over time, parti-

capation may change over time,

Uncertain preferences may be formally treated by assuming that the indawvi-
dual acts as if his preferences of the moment are certain. In this case,
the random change in preferences over time can be treated formally in the
same way as randon differences in preferences across indaviduals. This is
not unreasonable with regard to a notion of exrors in judgment aboult tastes.
It is unsatisfactory in that it dces not attempt to structure individual
uncertainty (by, for example, assuming that an individual is more uncertain
about "distant" alternatives than near ones) and thus allow the andividual

to respond to his uncertainty.

Random outcomes of actions are another source of error in postulated rela-
tionships. Little comment 1s necessary. Unless there is reason to believe
that the relation has some systematic component, little can be done unless

intentions can be 1dentified.
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Other Disincentives to Participation

Participation i1n a housing allowance program is subject to a variety of
factors common to all transfer programs, though daffering in content from
program to program. These may include the bother of reporting requirements,
dislike of dependence, a feeling that others need assistance more than they
do, lack of awareness of the program, and so forth. Participation 1n the
Housing Allowance Demand Experiment had its own specaal features, including,
for example, an extensive outreach program in which eligible households were
contacted in persen and unusual (in programs) reporting requirements such as
monthly reports on income, rent, and househeld composition. Thus the mini-

mum payment for participation now becomes

(72) S* = A*{Y + M¥ + T®) + M¥ + T*
where

the indifference compensation required at income
Y 4+ M* 4 T*

I

A*

~

M* = the discounted normonetary moving costs
M* = the discounted total moving costs

the compensaticn to overcame other factors.

Il

T
HNotice that T*, like ﬁ*, is partially offset by the reduction in A% due to
the income effect of T#. Put ancther way, if T* is lavge enough, 1t may

effectively swamp the more systematic &%,

Two issues arise with respect to T¥, Farst, to what extent can it be i1den-
tified and thus separated from M* and A*? Second, to what extent can it be
modified by changes in program procedures and, in particular, by dropping

the special experimentally induced program reporting requirements?

With respect to the first 1ssue, three groups may offer some partial infor-—
mation on T*. Control households had to meet all program requirements except
the housing requirements. Thus their participation may provide scme infor-
mation on T*. Unfortunately, Control households, unlike Experimental house-
holds, were asked to enrell not only on the basis of the payment they received
{$10 per month plus $25 for each of three anterviews)}) but alsc on the basis
of helping in a study of housing., In addition, although all partaicipants
were promised anonymity, Experimental households may have had to announce
their participation in order to show that they could afford units. Thus

the participation behavior of Control households may be different from that

of Experamental househclds.
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A second possible source of information on T* is Percent of Rent households.
These households were offered a payment equal to some fraction of their

rent, and were not required to meet any housing requirements. Thus their
participation should reflect T* alone. The problem in estimating partici-
pation behavior for Percent of Rent households is that the payment they re-
cewved depended not only on their pre-program rent but also on their uliti-
mate rental expenditures given the payment. Thus estimates of T* in terms of
demographic variables for these households will reflect not only dirfferances
in T but also different propensities to move and change expenditures. Fur-—
thermore, to the extent that Percent of Rent pavments do proceed from induced
changes in housing expenditures, they are not strictly equivalent to a pay-

ment not tied to housing.

A thard possible source of information about T* 1s Housing Gap households
that remained in the experiment, meeting all reguilrements except the housing
requirements. These households, like Control households, received $10 per
menth 1f they meet all reporting regquirements., After two yvears, it may be
reasonable to assume that they were no longer interested in participating in

the program but did accept a modified Control offer.

The problem of sorting out the effects of individual program reguirements,

and especially the experimental-specific reporting requirements, on T#* 1s
more difficult. All households faced the same reporting requirements. House-
holds were asked to rate the botherscmeness of various speclific regulre-
ments. To the extent that these ratings can be interpreted as proxies for

elements of T*, they may allow dollar valuation of indavidual requirements.

The problems invelved in sorting out experimental and noxmal program factors
rn T* discussed in the previous paragraph, raise a more general issue con-
cerning the extent to which experimental participation rates can be used to
forecast participation in a normal program. Aware of the numerous peculiari-
ties of the expermmental outreach and enrollment procedures, the design of
the Demand Experiment carefully dasavows ability to forecast absolute levels
of participation. Forecasts of absolute participation rates under alterna-
tive programs should probably be based on reasonably careful analysas of
results from the Administrative Agency Experiment and Supply Experiment as

well as the Demand Experament.
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Implicgtions For (ther Behavaiar

The conceptual framework of the participation model applies to other forms
of behavior as well. In particular, there is a strong formzl link hetween
particapation and initial housing position on the one hand and the response
of participants in terms of changes in housing position on the other. This
subsection briefly describes these links and some of the difficulties in-
volved in explolting them analytically. It appears,in general, that while
these linkages among different behaviors do exist in theory and thus provide
a potentially powerful analytic specification, their application in practice

may be well beyond the xange of thecoretical development in the near future.
In terms of initial peosation, the indaviduals' darand function
(73) H= E(p, ¥)

is defined by

(74) Aa* (B, p, V) = 0
where
H = the vector of housing consumption
E = the vector of housing requirements
p = the vector of commodity prices
¥ = income.

This 18 not surpraising, since both the demand function and A* are defined

by and define the individual's preference ordering over commodities (up teo

a monotonic transformation). In terms of the response of participation, at
least two groups may be distinguished in terms of whether or not households
are in fact constrained bv the housing requirements. If the household would
meet the requirements in any case, then i1t will in theory follow its normal
behavioral path, that is

{(75) B =H(Y + S, p) if A*(Y + 8) ¥ O.

Other households are forced off their normal behavior

{76} B=E> H((¥Y + 8}, py if A*( ¥+ 8) > O.

These groups may be further davided by whether or not the household must
move to participate, and indeed, if 1t does not have to move, whether the

returns to moving exceed M*%.
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Despite these formal links, however, explicit connections between demand
functions and A* are difficult to develop. The expressions for the deriva-
tives of A* developed in previous sections of this report are not readily
interpretable in terms of demand functions, nor are there apparently simple

. 1
conditions to tramslate A% (E, p, ¥) intec A%(E, H{p, Y)).

XVII.6 AGGREGATE BEHAVIOR

The previcus sections have discussed individual household response to a
housing allowance. This section develops a model of aggregate behavior
based on the dastribution of andividual responses. It thus lays the l
foundation for empirical estimation and the application of the theory of
individual behavior to the design of alternative programs. The section

has two parts. The first part develops a general model connecting indi-
vidual and aggregate behavior. The second discusses some key assumptions
necessary to allow inferences about aggregate behavior from the information

on 1ndividual behavior developed in Sectiong XVIT.2Z through XVII.4 above.

Rggregate Behavior

This subsection first considers a model based solely on the pure compensa-
tion costs (A*) discussed 1in Sections XVII.2 through XVIT.4 and then braefly
examines the complications introduced by notions of moving costs and general
bother costs discussed in Section XVII.S5. Consider a group of individuals
with the same income, household size, and other demographic characteristics
facing a common set of prices. If tastes vary across individuals (as
evidenced, for example, by varving levels of expenditure on housing by
otherwise similar households), then the A* level for each household, the
minzumum pavment at which the household will agree to participate in a

program with a given housing requirement, will also vary.

Let 1t be assumed that the distribution ¢of A* can be derived from the dis-

tribution of U by

{(77) F{8; E, ¥, p, D) = Prob(A* < S|/E, ¥, p, D)

lExa.ct conditions have not yet been established, but they are restric-
tive. A* as a function of E and H(p, ¥}, for example, reguires that the
ratio of 3H/Bp and 3E/3Y be constant along an indifference curve. Siumilarly,
A% {® - H0) requires, among other things, that the compensated demand curves
are linear in prices.
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where

the housing requirement

H

household income

the vector of prices

g ™ = m
It

a vector of demcgraphic characteristics

"

and the probability is the size of the subset of U for which:

{78) A*(E, ¥, p) < 8

relative to the size of the admissible set, given D.l The distributicn of
Equation (77) 1s conditional on a given income, price, and so forth for

every household. Thus, for example an

S
(79) T(s; B, ¥, p, D) = f f{a*; E, ¥, p, D)dA*.

-_
m 1 the participation rate for a group of househelds with identical incomes
and demographic characteristics, facing a common set of prices, and each
cffered the same dollar payment, S, subject to the same housing requirement,

E.

The distribution of £(2*) 1s not empirically convenient. A¥* 1s necessarily
nonnegataive. Furthermore, every household that meets the housing require-

ments will have A¥ equal to zZero. Thus, the distrabution of A* as presently
defined cannot be described by any continuously differentiable distraibution.

A* can, however, be redefined so that i1t does not accumulate at zero.

Consider first a Miniut Rent reguirement. Households accumulate at (A% = 0)
because they are allowed to exceed to Minimum Rent level. But A* ccould be
more generally defined an terms of the compensation necessary to induce a
household to spend more or less on housing than it desires, that i1s, in
terms of the reguirement.

8 ‘x, =
{80) pyX; = T. .

A* wi1ll, however, still be nonnegative, since the household will, by defi-
niticn, be worse off out of egquilibrium. Likewise, the signs of derivataves
are reversed when {pixg > r}; increasing "r," for example, bzings such a

household closer to eguilibrium and reduces the compensation required.

1

Note that the distrabution of U, the preference ordering, may include
a stochastic distribution of U asscciated with each indivadual. Thus indi-
vidual behavior may alsc be stochastic.
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The obvicus redefanition of A* for a Minimum Rent condition is, therefore:

~

- A* = the minimum payment necessary to compensate
a household for spending r = pixl

ﬁ* if r

IV

pix9
(81) ax = b
-A* 1f ¥ < p’x©,
< plxl

All of the theorems of Sections XVILI.2 and XViI.3 hold for A* as defined by

Equation (81).

The A* distribution for a Minmimum Standards requarement can be similarly
redefined. Unlike Minimum Rent, however, the Minimum Standards require-
ment cannot be posed in terms of (xl = g). Households that do not meet a

Minaimum Rent reguirement will never exceed the reguirement, so that
* - = = * - > o > .

(82) A (plx1 x) A (plxl > r), pi¥] > x

As was discussed in Section XVII.4, however, 1t is possible that

{83} A*{xl =g) > A*(xl > e)

even ipf (x; < e).l Thus an equality requarement would shift the A* distra-

bution for Minimum Standards. The approprlate redefinition of A* for Mini-
mum Standards 1s given by
A* necessary to compensate Xl > e if Xg ¥ e

-A* necessary to compensate x, < e 1f xi >

{84) a* =
e.

These redefinitions spread A* go that its distribution can be continuously

differentiable, though still bounded.2

Estimation of Equation (79) can yield not only estimates of participation
rates but also at least partial information on the change in housaing that
will result from the program and net benefits in terms of the income

equivalence of the offer.

Particapation rates for the population 2as a whole and marginal rates for

1
See the dascussion following Equation (45).

2
In fact, many empirically tractable forms will be unbounded. This
sort of misspecifircation is common, however, and may nol be serious.
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various subgroups follow from

(85) % = f jﬂ[S(p, ¥, D}, E, Y, p, 0]glp, ¥, D)
{p,¥,0)

where n* 1s the participation rate for the population as a whole.
Responses of particapating households depend critically uwpon whether or

not they are in fact constrained by the housing requirement, that 1s

xl(Y + 8) 1f xl(Y + $) satisfies E

(86} X, ™
x, (E) af x}(Y + S) does not satisfy B

1
But households foxr which xl(Y + 8) satisfires E wall also have A*(Y + 8)
nonpositive. Thus the proportion of participants that will exceed the

requirement. (for whom the requirements are not bainding) is given by

T*(S = 0; Y=Y + &5, D, E, p)
87 - 3 = | Y+ s, b, B p)
©7 " T P S

where the arguments of % are dustributions as in Eguation (84).

The net benefit for any individual from participating s given by §, where

S 1s detined by

b

S = & uf AN(Y +
At(Y + 8) + § - §, 1f AX{Y + S) > O.

) 0
(88)

Thus & 16 the excess of $ over A% after A* has been adjusted to take account
of the additional real income from the payment (net of compensation for
mecting the housing requirement). Thus, lower and uppev bounds on the mean

value of & for any group of parbticipants are gwven by

B = E(3) - (A" (Y))

(89) #
B = E(S) ~ E(*{¢ + 8}).

These can be further refined by noting that B 1s equal to $ where A*( ¥ + 8)
14 less than or equal to zero. Thus closer approxamations will be provaded

by
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E(S) - E[A*(Y)|for A*(Y + S) > 0]

(20) _
BE

E(S) - E[A*(Y + S) [for a*{¥ + 8) > 0].

Section XVII.4 suggested that the particapation decision could not be
reasonably characteraized simply in texrms of pure compensation for dis-
eguilibrium (A*) and that there were also both general variations in the
propensity to participate in any program and varlations in transactions
(moving or rehabilitation) costs. As discussed below, these factors may
seriously undermine the aggregate model presented above and suggest that
prior information on the probability of meetihg requirements in the -
absence of the experimental program and the prcbability of moving may be

desirable for an adequate specification of the particaipation decision.

Consider first the compensation requirxed to participate 1n any program
over and above the additaicnal compensation required to induce the house-
hold to meet the housing requirements, This was symbolized hy T* in

Section XVII.4 and S*% rewritten
(el1) 8% = A¥(Y + T*) 4+ T*%,

Equation (21} cannot, however, apply if A* 1s redefined as above; negative
values of A* are definitional and would not affect positive values of T*.
Indeed, even under the original definition of A*, negative values of T*
will not enter the argument of A%, since the payment to participate 1s not
actually made. Thus, i1f T* and A* are independently distraibuted, the

appropriate expression for the participation rate would be

STk
J‘{g(T*) d[fiA*;Y)dA*]dT* +

-0

(92)
S ST
J’{g(T*) J'f(a*;y + T*)AR*]AT*,

-

This 1s a reasonably cumbersome expression. It suggests that the model
might be profitably expressed in terms of the probability of participating
1£ the household would meet the reguirements in the absence of the exper:-

ment (A% (Y} £ 0) and the probability of participating if the houschold
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1
would not meet reguirement. In any case, unless T* 1s relatively small,
direct estimation of the participation model will not necessarily provade
estimates of the proporticn of participants as would normally meet the

housing reguirements in the absence of the experiment.

Transactions costs present a more complicated problem. Most obvicusly,
they only arise when A* 1s positive, and then only when the household
would move. Thus, the effects on the daistribution of A* of changes in
housing reguirements, prices, Or licome are confounded with changes in
the probability of moving and of having to move to meet requirement.
More generally, to the extent that transactions costs lead households to
maintailn nonequilibrium positions in the absence of the experaiment, they

further confuse the appropriate value of A*.

The next secticn discusses further assumptions concerning the nature of
the connection between g (U) and f(5*%) which allow inferences concerning

aggregate behavior to be drawn from indivadwal behavior.

Connections Between Aggregate and Indavidual Behavior

Having redefined S* to obtain a more convenient distribution, further
assumptions must be made before the results for individuals can be used
to establish results for aggregate behavior. Consider, for example, the

problen of predicting:

lThe probability of participating for households that would meet
requirements in the absence of the experiment 1s simply the probability
that T* 1s less than S. For other households, the distribution of A* + T¥
may be expressed in several different ways. For example, 1f T* i1s redefined
by
S* = A*¥(Y) + T*

then the distribution of T* will vary when A* i1s positive and T* is positive,
since then

as*
= * = ~
o = B+ L =a/5<l.

Thus the wvariance of T* will, zf T* 1s andependent of A¥*, be smaller than
the variance of T# and since A;Y > 0 will tend to 1ncrease as 1nNCome
increases.
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(93) 38 = f(s; E, ¥, p: D)ae

. Isaf(s*; E, Y, p, D)
! a8

where € 1s some relevant variable, The indivadual theory of Sections XVII.2

through XVII.4 gives only limited information about the last term of

Fguation (93). If tastes vary with 8 in an unknown way, then the dastra-

bution of S* will shaft in an unknown way. Thus the first craitical

assumptlion necessary to infer aggregate from aindividual behavior 1s
Assumption 1 (Independence of Tastes). The distribution of

preference orderings for a given demcgraphic group, D, 1S
independent of prices, housihg reguirements, and inccome.

Prices, housaing recquirements, and income are gpecified because these are
the variables for which individual behavior was established. Notice also
that the val:dity of the assumption may depend on the exact set of charac-

teristics included 1n the set of demographic descriptors, D.

For income, this assumption requires, among other things, that all prefer-
ence orderings he separable in terms of 1ncome-related elements such as
work-Jleisure decisions and consumption decisions, so that different work-
leisure decisions do not systematically change the preference ordering over

1
consumption goods.

If, 1n addition, higher income households have fundamentally different tastes
due teo upbringing, education or whatever, these must, of course, be explicitly
controlled for. Such problems are probably less severe within the restricted
income range relevant te housing allowances but maght meost obviously arise
with respect to racial or ethnic background, size of household, and gex of

head of household,

A simalar 1ssue arises wath respect to the level of housing requirements.
The level of housing requirement 1s a control variable and so 1s independent
of tastes except that it 1s often varied with household size and hence may

be correlated with tastes in this way.

These 1ssues samply guide the appropriate choice of elements for inclusion

in the set of demographic descraptors, D.

1

There 1§ no requirement that the allocation of expenditures be inde-
pendent, only that the preference oxrdering be independent. Hence the leisure
and consumplion bhranches do not nced to be homothetbic.
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Even 1f tastes are independent of 8 (given the wvalue of D), individual
theory only provides wnformation about the mean value of £{(S*) and not
about other moments. The distribution of £{8*} 1s assumed Lo arise from

some underlying distributicn of tastes. If tastes are independent of 8§,

then
n o= .[ g% {u, B8lg(u)du
u
au _ fas*
{94} s 13 g(u)du.

Thus the change in the mean value of S* :is the mean of the indivadual
changes i1n S*¥. Results for derivatives of S* will carry over to the

value of s¥.
On the other hand, the change in the variance of S* 1s given by

g% = j(s* - w2g(udn
i

o2 < S* _ du
(95) s = 2 [t - wGgg - g
u

and depend on the covariance across tastes of S* and 3s*/38. Thus no
inference abpout higher order moments is possible without some information

on the distribution of tastes.

Relatively strong inferences can be made from andividual to aggregate
behavior 1f distributions are fixed except for the fiarst moment, thas is,
1E

Assumption 2 (Dominance of Mean Efffects). The distrabution

Of (8% ~ 1) 15 fixed.

Mast obviously, since the effect of any varaiable on the mean of $* 15 the
wean of the individual effects, all the theorems of Sections XVIT.2 thyough
¥Wri.4 apply to the mean, and thus under Assumption 2, directly to aggregate

behavior.

while such assumptions provide formal connection between the deterministic
models of the previous sections and stochastic behavicor, whether individual

ov aqggregate, 1t should be clear that the connection 15 relatavely unexploied
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and incomplete. The connection between deterministic and stochastic
behavicr proposed here seems relatively vulnerable on at least three

grounds.

First, in purely formal terms, the reascning slides too readily from notions
based on a countable number of individual preference orderings to a contin-
uous diastribution of preference orderings. Thus, for example, the content
of Assumption 2 1s not clear, especially i1n connection with specific distra-
butions. Say, for example, that F{(S*) 1is any two parameter dastribution,

for example the normal or logistic distribution. Then

S-u
o

{96) T o= -I hit}

.

where h{t) 1s the unit normal (or logistic) distributicn, and

o

(97) 58

_%‘_hs-u 3u (S = nY3g

s C a8 o 36

Thus the sign of (31/38) will be determined by (3c/30) as well as (3p/86) and
for extreme values of S, dominated by (3¢/88). On the other hand, this result
seams counter-intuitive. I£, under Eguation (77), the 8* associated with every
preference ordering increases, for example, the proportion of preference
orderings for whach (S* < S} cannot increase. This would apparently imply

that under the conditions of Equation (96), (8c/36} must be zero.

It may be worthwhile to consider the implications of such reasoning for
estimating demand functions. Say that there 1s some distribution of prefer-
ence orderaings f(u), and say that for every admissaible preference ordering
some good, "X," is superior (9x/8Y > 0). Then clearly if preference order-
ings are distributed independently of income, the mean value of "x" 1s also
superior, and the variance may change in an unknown way as income changes.
On the other hand, the proportion of i1ndividuals consuming “x" in excess of
some fixed level, X, cannot decrease as income increases. But by Equation
(27) 1f we also assume that "x" 1s normally distributed, the variance must
be constant and the regressicn of "x" on income homoskedastic with respect

to Lncome.,
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It 1s difficult to know how seriously to take thas conclusion. The reascon-
ing proceeds from intuition based on a countable number of individuals to
continuous distributions. It does suggest that the connection between g(u)

and f£(s*) should be investigated more closely.

In addition, the model itself i1s unduly restrictave on at least two grounds,
First, all uncertainty 1s loaded onto stochastic preferences. There 1s no
uncertainty about the cbjective elements of choice. While at some level

of generality there may be no meaningful distinction between uncertain
objective facts and uncertain preferences, this restraiction i1s of special
concern given the model's second faizlure~—the lack of any real investiga-
tion of indavidual choice in the face of uncertainty. The individual 1s
assumed to act on each moment's tastes (or perhaps the mean of his/her

tastes) without regard to their volatility.

These weaknesses are not only mmportant for medeling participation. The
majer intellectual drive behind the models developed here i1s an attempt

to integrate the participation decaisicn with other elements of demand
theory, most notably, the demand for housing. Yet as the nodel stands,
there are few explicit links between the two. This is partly no doubt due
to the usual problems of linking utility and demand functions in the large,
but 1t also may rest on the lack of explicat mechanisms connecting indi-

vidual and aggregate hehavior.
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