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STAFF PAPER 6

CONSUMER DURABLES IN AN INDEX OF CONSUMER
PRICES

Peter O. Steiner, University of Wisconsin

The focus of this paper is the proper treatment of durable consumer
goods within an index number that is concerned with measuring the
changes over time of a fized guantity and quality of goods and services
for an appropriately defined population. We take as given, first, the
“fixed-base” concept, and second, the definition of the appropriate
pogulation (e.g., city wage earners and clerical workers in Cleveland).

ince few goods are literally consumed at the moment of purchase,
durability is an elusive concept but we shall limit attention to those
commodities whose life is sufficiently long (relative to the consumption
horizon of the population) that there is a relatively active market in
used commodities of the kind in question. For such commodities there
is a real question as to what is meant by a “fixed quantity and quality
of goods and services”: are these commodities consumption goods or
are they assets which produce consumable services{

The oldest axiom of index number construction is that the purpose
of use governs the form of the index and therefore it is in -principle
possible to justify a variety of different procedures. It is not difficult
to think of uses for which each of the following three sorts of measures
might be useful :

1. An index of the Jm’ces of assets purchased (or contracted for)
by members of the index population.

2. An index of the current outlays out of income made by members
of the index population.

3. An index of the wser (or opportunity) cost of consuming the
services produced by the assets in question.
. For goods of very short durability, the concepts become virtually
identical; for goods of substantial durability, but which are typically
held for their whole useful lives and which are purchased regularly,
the concepts differ, but the three tend to the same result. (This ap-
pears to be the case with clothing—while any individual piece has
substantial durability, annual expenditures on clothing by tllm)e family
are relatively stable. Whether it is true for furniture and appliances
is not clear to me.) For commodities of long durability that are
perforce purchased only intermittently because of the amount of ex-
%enditure (or investment) on the individual acquisition is a large

action of annual income, the differences in the three approaches
become substantial. Where in addition the assets are typically not
held throughout their full useful lives, the differences become extreme.
These conditions are strikingly present with respect to home owner-
ship, and to a somewhat lesser extent with automobile purchase and
use. Weshall limit attention to these two classes of consumer durables.

‘Which approach is most nearly appropriate to the CP1¢ My own
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306 GOVERNMENT PRICE STATISTICS

view is that it is the third: the user cost of consuming a fixed quantity
and quality of services. With respect to housing, this would make the
shelter cost of the homeowner congruent with that of the renter (with
which it is ultimately combined in the overall index). With respect
to automobiles (transportation), it would give proper perspective to
the relative importance of this service to g:elt,er, ood, apparel, and
other services. In this view, then, the index concerns valuation of
the cost of using a fixed quantity and quality of services in all cases—
although for many services this cost 1s adequately measured by the
purchase prices of the service-producing commodity. Only where
such prices prove a poor proxy fgr user cost is there need to approach
the problem indirectly: that this is the case with both housing and
automobiles will be shown in this paper.

Present BLS practice is to follow the first approach (asset prices)
with respect to automobiles, and a mixture of the first and second
approaches with respect to housing. A detailed description of present
procedures may be found elsewhere ; * some discussion of it will follow
a development of the user cost approach. ‘

I. Tue Cost or UsiNG ASSET SERVICES

The overall problem may be viewed initially as three separable
subproblems:

a. Determining the cost at different periods of time of using a par-
ticular asset service from an identifiable asset. This cost for the period
dt in the neighborhood of time ¢ we designate as F.d¢.

b. Determining the cost of using the asset service from a particular
aggregate of assets. The characteristics of the fixed-base index per-
mit visualization of an “average asset” whose cost of service for the
period d¢ in the neighborhood of time ¢ we designate as /.dz.

c. Finding appropriate weights that permit combination of the
changes in the cost of this asset service with those of other services
in an overall index of consumer services. Such weights are deter-
mined in the base period and correspond to the fraction of the index
l;;pulation consuming the service in question; we designate them as

Q-

Thus we may describe the desired measure as of the form

Py, )
Fudt

in which year 0 is the base year both for comparison and weighting
purposes.: .
We may note that while equation (1) appears to be very similar to:

Py |
POWO (2)
in which P; is a price at time ¢, and W*, is an appropriate weight
at time 0, (1) and (2) will not move together unless #;/F, is pro-
portional to P:/P,—unless, that is, prices are an adequate index of

1 See, for a start, Monthly Labor Review, November 1955, February 1956, and April 1956.
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user costs, It is precisely in the case of durable goods that this may
not be the case.

The fixed-base character of the desired index may be interpreted
to mean the use of a given quantity of a prototype asset for a given
period of time. This prototype asset has given physical character-
1stics, a given age, etc. (It may of course be a synthetic concept cor-
responding to an aﬁpropriwte weighted average of actual assets dif-
fering in physical characteristics, age, etc.)

The principal components of user cost seem to be:

Depreciation (2)

Interest (/)

Incidental Purchase Costs (J)

Taxes (X)

Maintenance and Repair (¥ R)

Insurance (&)
Each of these requires careful definition; in principle it is the real
cost in dollars of the period in question, whether such costs are re-
flected in cash outlays or not.

The general form of the required index is

Fdty, BAldJctX+MRAG,
Fyt ~ Rot+Ivtdot+Xo+MRo+G,
It is worth noting, for future reference, that if the relative size of the

individual components changes over time, this does not decompose
into an aggregate of separate indexes of the components. That is, if:

dt' Wo * (3)

RoI:J: ... #ReIyidy: .. ., (4)
@ -E‘ R 7‘ 7‘ J
'F.odtWO?%Rowo‘i'TO 0+'?°‘wo+ .« . (6)

where the w, are fixed-component weights. As we will show, there
is nothing in the fixed based concept that requires the condition (4) to
be an equation.

We turn to a component by component analysis.

A. A NOTE ON NOTATION

While there is nothing formidable in the algebra that follows, a
number of different concepts are involved that make the notation
complex. In order to be as nearly clear as possible, let me note
certain rules of interpretation. (A general glossary of symbols
appears as Appendix A.)

We are in all cases concerned with evaluation of costs at & moment
in time ¢; but the costs refer to an interval d¢, where d¢ is of the
dimensions of fractions of a year. All magnitudes that are not
clearly instantaneous magnitudes are annual rates or amounts unless
otherwise indicated. Thus, if ¢ is an interest rate, 2, is the annual rate
at ¢, and ¢,d¢ is the monthly rate if d¢=1/12, etc. In our notation d¢
is not always infinitesimal. ]

But the assets at time ¢ may be of different ages, and we let the
subscript j(j=¢, £—1, t—2, . . .) indicate the date at which the asset
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was new. .t—j is thus the age of the asset in years. While nothing
inherently prevents fractional age, we arbitrarily assume assets have
birthdays on a common date. We thus substitute a finite set of age
strata for a continuous age distribution. )

In a similar way the assets may have been purchased at different
dates, and we let the subscript & (k=¢, t—1, £—2, .. . j) indicate
the date of purchase by the present owner. ¢—£% is thus the years
the asset has been owned, again assumed integral. If, but only if, the
asset was purchased new, j=%. )

If P designates price, £, indicates the price at ¢ of the asset which
was new at year j. If M indicates the size of a mortgage, My, ; indi-
cates the size of a mortgage at ¢ on an asset acquired 1n year %, when
it was k—j years old. (Its price at & was P;), etc. In general we
shall not identify individual assets, but where it is necessary to do, it
will be by superscript. E.g., :P%; is the price of the ¢-th asset at
time ¢ (the asset was new in year j).

If f designates a frequency distribution, f; designates the fre-

uency distribution over j at time . f.; (or simply f:;) indicates
that the frequency distribution is constant over time, that is, that the
fraction of assets having a common pair of values for ¢ and j is a
function of (¢—j) alone. The difference between :f; and f.-; is that
the former is a specific relation at time ¢, the latter is only a function
of t—j. tfsx and fu,5x are bivariate frequency distributions at time ¢.
The latter is constant over time, the former is a changing function of ¢.

B. DEPRECIATION

1. The Problem: An Intuitive Introduction. To see the problem,
consider the following simplified example. Suppose we purchase a
new asset at =0 for $100. Two years later we can sell this used asset
for $128, but an asset identical to ours, brand new at'¢=2, would cost
$200. Suppose the following data:

¢ Price of our | Price of new
Year | asset asset
«Po Py
1] 100 100
1 80 100
2 128 200

It is clear that in some way it has cost us $20 to hold and use the asset
during the first year and an additional $52 during the second year.
These are the costs compared to the behavior of a nondepreciatin

asset. An adequate allowance for depreciation should give us a fun§
of $20 at the end of the first gear and an aggregate fund of $72 at
the end of the second year. Our problem is to determine how large
a contribution to make to this fund during every short time period
dt in order that the aggregate amount of the fund is adequate to
acquire a new asset in exchange for our used one. Suppose that at
" t=1 we (somehow) had a depreciation fund on hand of the required
$20. Would we have needed to find an additional $52 during the
second year? Not if the fund on hand at the beginning of the period
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had been properly invested. Indeed, if it had been invested in assets
of this type, it would have shared in the asset inflation and been
worth $40 by t=2. If we wait until the end of year 2, it would be
necessary to contribute $32 to the fund ; but if we set aside each month
(week, day, minute) a contribution which was invested (and shared
in the inﬂationz, it is clear that the sum of required actual contribu-
tions would be less than $32 in the aggregate.

Of course, using a depreciating asset during a period of rising
asset prices 1s expensive. During this period the owner-user of the
asset 1s (1) consuming in each moment a service which decreases
the value of the asset and should be “costed” in current dollars of
the moment of consumption, and (2) disinvesting implicitly and per-
haps unconsciously. Roughly, the distinction is that the first of these
causes the loss of value during the period in question whereas the
second leads to the loss of capital appreciation in the periods lying
ahead of the disinvestment. The second is of course costly, but it is
not a proper cost of using the asset service for it might be conceptually
avoided in any of several ways (that are equivalent) : one is to kee
utilizing an asset of constant age by trading in a one day (minutes’
old asset for a new but otherwise identical one every day (minute);
another is to invest in a sinking fund that appreciates at the rate of
inflation. Each of these succeeds in keeping the real asset position
constant, while measuring the unavoidable cost of using the asset to
produce its service. '

It seems quite clear to me that maintaining a fixed real asset posi-
tion is appropriate within the context of the fExed-base index number
of the costs of goods and services. But if this is not clear—if some
rate of “asset acquisition” belongs in such an index—it is evident that
it.should be included as a separate category and not be confused with
the cost of using asset services.

2. Depreciation of an Individual Asset. Let ;D;=the required size
of a depreciation fund at time ¢ for an asset that was new in year j.

Dy=.P— P, (6)

At time ¢ we want a fund :D;; at time ¢—d¢ we have a fund :_¢:D;.
Assume this fund, and all subsequent additions to it, is actually or
conceptually viewed as invested in assets whose prices move with the
price of the asset in question. It thus appreciates (if asset prices are
rising) at an annual rate 7, defined immediately below. Consider the
year as divided into » periods of length df. Further, let each period
dt be divided into 7 subperiods.
We will define 7; by the condition that

A L= t-btPt-dt(l +%
and letting m~»c0
’ =P s/ —aiP gy )

Our problem is to determine the required amount of contributions
(¢:R;dt) to the fund during the period d¢ so that the fund has the
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required size at time ¢. We visualize making 7 equal contributions,
one in each of the subperiods.

‘Dl= ‘_J‘Dj'er'd"{-%jit(sm)’ ’ (8)

where Sm is the amount of an ahnuity of unit value after m sub-
periods at an “interest rate” of

rdt
m
per subperiod.
= [(14740n_1 7.
S _r,dt[ I+ m) 1:' (®)
Define:
za;‘—’ng/ng, all t,j, _ (10)

and note that the o’s provide the structure of used to new asset prices

at the same moment in time. We will assume that :; is a constant for

a given ¢ and j—in other words, it is the “average” or “normal” used

to new asset price ratio at time ¢, and does not vary among individual

assets of the same age at that time. (See the discussion of mainte-

nance and repair, below, for the justification of this assumption.)
Rewriting (6), using (7) and (10), we have:

lDi=lPl (l—lal) P
l—dtDi= —dePi-ae (l—t—dtdi) =:‘—d‘t (1= gmaemrj). (63))
. ot

Substituting (9) and (11) in (8).
ng (1-:0,‘) =‘¢P¢ (l_g—d‘a,')'*‘irl% [(14—%—6’"—1].

Letting m— 0, and solving for .£2;d¢,

{Ridi=,Py (:“Tdtt_l) (t-dtdi—tai) (12)

which is the chairge for depreciation sought.

This is an important result and its interpretation may be clarified
by the following remarks. Ividently we have factored the deprecia-
tion charge into three parts, the second and third of which are dimen-
sionless coefficients whose significance is explained presently.. The
first term is the current price of the new asset of the prototype—the
replacement cost, if you will. As we have suggested earlier, if prices
are rising using a depreciating asset is more expensive than otherwise,
and the ;P; term, besides giving magnitude and dimension to the de-
preciation charge, reflects this fact.

But not all of the change in price level requires a corresponding
contribution, for, as we have seen, inflation (to take the rising price
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case) increases the value of past contributions to the depreciation fund.
The second term reflects this influence. If prices are rising, it has a
value between 0 and 1; if falling, greater than 1. It is a function
of P and ; 4,P;q; only.? It appears in the expression because we as-
sume that past and present contributions to the depreciation fund
change in value with the asset price level. _

The justification of this assumption is that it has the effect.of sepa-
rating the cost (if asset prices are rising) or gain (if asset ﬁnces are
falling) of disinvestment from the cost of using an asset while keep-
ing the total real asset position constant. Thus if the owner of
the asset has access to investments that change in value at the rate
r:dt, it is the appropriate rate to use whether he chooses actually
to invest in them or not.> What if he cannot find such investments?
Life will cost him more (if prices are rising), but whether this is a
proper cost of consuming the asset service is a priori unclear. On
the one hand, if there exist nondepreciating assets that appreciate at
this rate but, owing to some imperfection in asset markets, the indi-
vidual owner is denied access to them, he will suffer a (relative) real
asset loss over time no matter what assets he holds, depreciating or
not. Whether this should be included in his cost of living as the
“cost of holding assets” or whether it should be regarded as a chan,
in his income position, it 4s clear that it is not the cost of using the
depreciating asset. In this case the use of »d¢ is still appropriate.
On the other hand, if the imperfection in the asset market 1s such that
there exists 7o nondepreciating asset whose price rises at the rate rd¢
(or more), the excess cost is truly an unavoidable cost of using the
asset service.* This possibility is subsequently neglected. It does not
seem very plausible to me.

The third part of equation (12?, t-atees-teej, Which will hereafter be
designated as :4;, is a determinable function of the age of the asset in
question. Since each of the «’s reflects the used to new asset price at a
moment in time, 1t may be regarded as the pure effect of age on value.
4 shows the joint effect of the asset growing one period older end
of any change in the normal used to new price ratio that may have
occurred during the period. To see that the latter is a proper cost
of using the asset, consider the owner of a car who finds to his dismay
that used car prices have collapsed, thus reducing his expected trade-
in value. This has been an unanticipated but nonetheFess real cost
of using the car during the period.

1f for a particular type of asset there is a constant age-price struc-
ture over time, so that we may replace the ;aj by a:-;, it is often possible

2 See the following:
rdt WPy / ( Py )
ordt-y log o 1-dt Pe-as 1-dt Pe-di 1

3 Note that we do not credit earnings to the sinking fund. There are of course costs of
holding nonearning assets but these are properly treated as implicit (or actual) interest
charges and are quite independent of depreciation as such., Depreciation of course can
affect interest costs as we shall sce below,

(1‘2 lfbthis is the case, if nondepreciating assets rise at the rate we<r+, we must replace
) by:

,R,dt:-,P,( %) [(1-,«,-)-;"—‘:(1-...;.:;)]. (122)
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to define 4;-; in simple algebraic form. Consider the following cases
(assume dt=1): ‘

Straight line depreciation over n years:

_n—=(t=J)

oy
i n

Ai=r

Declining balance, where a constant proportion, a, of the remaining
value is deducted each year:

a-y=(l1—a)*i
A j=a(l—a) t=it

Sum of years’ digits, over n years, where

n
Y=§i

—_(—i—1 '
Apy=" (tya )

If a constant (for a given ¢-j) pattern of age-price ratios is not ap-
propriate, 1t is necessary to retain the ;4; which is a function of ¢ as
well as 7. :

An exp{icit expression of :4;is:

_t—dtPj.erdt— Py
tAi ng

the numerator of which shows the value of the specific asset at the
beginning of the period inflated by the rise in asset prices over the

period, minus the terminal value; in other words, the loss in value
(in constant dollars of Z) due to aging.®

3. Depreciation of the Asset of Average Age. At time £, suppose
there exist in our population .V assets which were identical when new
but whose age varies. Suppose we x:jfard them as divided into j strata
?guyes,r of origin, and assume that all assets of the same age (:V;) are

y homogeneous. By definition,

¢N=itNi

N;
AR |
lff—‘N)

and we define

which, as j varies, defines the frequency distribution of assets by age,
at time ¢.

In the previous section we dealt with a particular asset—call it the
i-th—and found in equation (12) an expression for (&*;d¢ (where
the superscript ¢ identifies the particular asset). We need now merely

8 The reader who suspects that this would be a more convenient form of s4; than that
?ven in (12) would be correct if (1) we were concerned with a single asset age only and
2) if sAsps Ae—y. Since the actu g:ob]em involves an aggregation of assets of erent
ages, and ta‘:{u:e it may frequently possible to assume ¢Aj=As-4, the coeflicient form
proves useful,
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to sum over ¢ and j and divide by N to determine the average depreci-
ation, which we will designate B.dt.

- i
th“—“:}'véztli‘idl‘—"%‘r tNitRidt'_—'é‘Ri"ff‘dt

Edt=.P.(e':ft_ 1)‘4_«,..4,@. (13)

The /s are weights reflecting the age distribution of assets. The fixed-
base concept requires “exclusion of changes in quality” and requires
a constant age distribution. Hence the ¢/; can be replaced by /;;—a
constant set of weights determined in the base year. The summation
is thus a weighted average of the ;A; with a fixed set of weights de-
termined once and for all. If the :4, are constant (=A4;.,), the whole
summation is a constant, determinable in the base period. But even if
this is not the case, the data required seem within reach since estimates
of the structure of used asset prices for particular types of assets are
commonly made in fields where an active used asset market exists.

4. DATA REQUIREMENTS

To compute the depreciation component for a period d¢ requires:
(a) ¢P: and ¢-g:P:-4s, the prices of a new asset of the prototype at
the beginning and end of the period, (b) fis, the age distribution
of assets in use in the base period, (c) ;A4;, the structure of used to
new asset prices for asset ages included in the f;;, at both the be-

inning and end of the period. (If .4;,=A4,; this is a once and
or all determination, and it may be possible to find a simple algebraic
equivalent.)

Put differently, this requires, for a continuing index, at most .P;
for all relevant ¢ and j, plus the base year age distribution. Precisely
the same data are required merely to measure the weighted average
asset value.

5. Comparison with Present Practice. The BLS index includes
both housing and automobiles but in neither case includes a direct
depreciation component, since it rejects the user cost approach.® It
is possible, however, that the purchase price component (which is
the way in which automobiles are included, and is one of the com-
ponents of the BLS owned-housing index) may serve as a satisfactory

roxy for depreciation. That this need not be so is shown in Part

I of this paper; the reasons can be quickly seen analytically.

Using our notation, the weighted average purchase price in

year ¢ is

Pr= 2:P;.f'-—i= :P:imf' i a9

where the f’;-; are the frequency distribution of ages of houses pur-
chased (and may of course differ from f,.;—the age distribution of
assets in uss).

¢ The a; ;i:rent use ‘l? the BLS of a depreclation factor in the automobile computation
(descﬂbet] M.L.R., November 1955) is only for an intrayear adjustment of prices, and
is not material to the comparison we make. It comes about because annual birthdays are
assumed and thus one cannot define an exactly three-year-old car in, say, both January
and July of the same year. We may note in passing that this Intrayear adjustment s
made only for used cars, not for new ones, and thus appears to neglect the well-known
obsolescence of new cars toward the end of the model year.
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Comparison of (13) and (14) makes clear three main sources of
difference. First, the f’:-y may differ from f: ;. Second, the 1o need
not be proportional io the ;4,7 Thirdly, the expression in parentheses
in (18) need not equal unity—indeed 1t will do so only in the (unin-
teresting) case where prices do not change® It would thus be for-
tuitous mdeed if (14) were an adequate proxy for (13).

Even if P’;/P’, wasa good proxy for R./R,, it is worth noting that
all would not be well as comparison of (3) and- (5) above makes clear,
and as subsequent examples will illuminate.

C. INTEREST

1. The Nature of the Problem. We wish to know the interest cost
during the period dt of using the asset in question. This cost may be
viewed as the sum of (1) the interest payments on the mortgage (or
other loan), if any, which will be determined by the size of the mort-
gage during the period and by the terms of the loan—including the
contract rate of interest and t]Ze length and pattern of payoff (which
in most cases are a function of the credit conditions at the time the
loan was initially contracted), and (2) the imputed interest on the
owner’s equity in the asset, which depends upon the equity during the
period d¢ and appropriate current interest rate at which his funds
might otherwise be invested.?

7 Proportional (rather than equal) would be sufficlent because i1t would be easy to inject
gl constant fc'):r level, But they will in general be proportional if, but only if, two condi-
ons are met:

(a) tAg==As-4 (all ¢, §) and
) —2L_ 4 constant, all .

taj+ds
Proof : 1A= -giag-rag

for td3=M\tay, all ¢, §, where A i8 any constant, requires
=g
Jal L Y
@i +

For this to be true, it requires for all ¢, § that:

1f = ey
txisdt  t+dei+de

which implies both of the stated conditions.
These conditions are met by the constant declining balance special case discussed above.

rd¢
[ s rdi
Thelimltotem 11s1ase =1,

% A refinement not incorporated in the subsequent analysis is to recognize that some
portion of interest (and also taxes) actually paid will be recovered as a tax credit by those
who itemize deductions. Thus we might in subsequent equations introduce a number,
o< 1, which would represent the fraction not recovered tax-free, B.g., in equa-
tion (18), replace the expression in parentheses by (8¢*s—i;).

While it does not seem safe—especlally with respect to home ownership—to assume
0=1.0, determination of its maﬁnitude is so difficult a3 to make this a nonoperational
refinement. Even if we knew the percentage of individuals in the relevant population
itemizing deductions, and the marginal tax rate for this group—and these I suspect
could be obtained-—we would have only a lower bound to O, since not all of the interest
paid would be deductions in excess of the optional 10 percent of adjusted gross income.
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The current opportunity cost rate at which the owner can invest we
will designate 4; and call the lending rate. Its estimation depends
upon what in fact are the lending opportunities (and proclivities) of
the particular group who form the index population. Perhaps for
the CPI population it may be taken as the current rate on savings
deposits, by banks, credit unions, or savings and loan associations.

That this lending rate may differ from the confract rate on mort-
gages, which we will designate ¢*;, is due first to the well-known fact
that lending and borrowing rates may differ, and second to the fact
that ¢; refers to the current rate whereas c*x depends upon the (past)
conditions at the time the mortgage was negotiated. )

Should we limit attention to interest actually paid? While this
might be appropriate under a cash outlay approach to the index num-
ber problem, it is not appropriate in our user cost apgroacb unless
7t=0. It is perfectly apparent that as long as federal deposit insur-
ance is available and banks pay interest on savings deposits, no one is
forced to hold idle cash, and thus ¢; is not propeﬁy regarded as equal
to zero. :

‘Whether we should also charge imputed interest on the reserve funds
for depreciation is not clear. The general rule is that such imputa-
tion is appropriate when, but only when, earning opportunities must
be foregone. Since these reserve funds are conceptually invested in
nondepreciating assets whose price behavior is similar to that of the
asset In use, they are conceptually tied up. The question is whether
such investments have earnings (interest or dividends) and if so how
such earnings compare to the lending rate. If these investments earn
at the lending rate (after allowances for differences in risk), no charge
is required. This (easiest) case is assumed in the formal development
that follows. If the earnings rate is lower than the lending rate, only
the difference is an appropriate charge. If the adjusted earnings ex-
ceed the lending rate, an interest credit is earned.°

2. Interest on an Individual Asset. The problem of interest is some-
what different from depreciation because it is necessary to pay atten-
tion to the age of the mortgage as well as the age of tﬁe asset. (We
shall assume that mortgages date from the date of acquisition of the
asset, and neglect refinancing, etc.) Owner’s equity at any time is the
difference between the current price of the asset and the remaining size
of the mortgage.

For individual asset (identifying superscript omitted), the instan-
taneous annual rate of interest cost at ¢ 1s

tIk,j=(th;j~ leyf)il-*- le)iC*kz lPk:j'i'l-{- thyj(c*k_?:l)‘ '(15)
where % 1s a running subscript indicating the year the mortgage is

10 The effect of our assumption is to simplify equations (15) to (18). <
to (1) o e gl B (1l e L B wndatn ok O et (SO0
X r : , like that In the pre
by a sensible attention to operationality. previous footnote, seems doomed
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acquired, J is the amount of the mortgage, and the other terms are as
previously defined.!

tPr,j=¢P; since year of acquisition by present owner does not (we
assume) affect the price of an asset of given age at time 2.

Equation (15) is the instantaneous interest charge, not that for the
period ¢£—d¢ to ¢£. It would appear that to merely multiply this by d¢
would introduce a systematic downward bias into our formulation,
since the size of a mortgage at the end of the period is less than its
effective average size. But this is such a convenient approximation
that it is used and the downward bias does not occur after aggrega-
tion. This is because while the individual mortgage (the tree) grows
older, the age distribution of mortgages (the forest% does not, and thus
the average age of mortgage remains constant.

Thus, before aggregating we use

I,dz:[,P,i,+,M,,,,(c*,,—i,)] dt. (16)

3. Interest on the Average Asset. Wé want (simply) to find:
— k i
Tdt=p 33 33 3 Lt (7)

To do so we need the bivariate frequency distribution of our ¥
assets by age of asset and age of mortgage.

Let f,, represent such a bivariate distribution where
fu-x 1s the distribution of mortgages by age. of mortgage
fi;1s the distribution of assets by age of asset

fr—j is the distribution of ages of assets for a given k

11 The amount of the remaining mortgage is a slmple actuarial function of the size of
the original mortgage, given c¢*; and the length and type of repayment formula. For a
characteristic mortgage calling for n» equal payments per year for T years of principal
and interest, we may define a remaining mortgage multiplier

PR L Iy TT ¢ ) PR
M, ; aT

(where @] stands for the amount of a unit annuity).
Where nT is large, the continuous approximation to this is:
=l—e—¢‘k [T—(t—k)]
1—¢o%T *

If, in addition, the original mortgage is a fixed fraction c» of purchase price, so that

=nM§,;
WP; !

M, i=di.cy 1 Pj.

Note that we here assume that both «d» and cs are independent of the age of the house
(except as age affects price). This may be wrong-—terms of credit may vary with age of
houses, but this is a further complication not included at present. )

While for computation this is a convenient formula, particularly if terms of credit
except interest rate remain stable, we will deal with ¢if» only in the algebraic formulation,
in order to avoid unnecessary proliferation of terms.

i

Ci




GOVERNMENT PRICE STATISTICS 317

all assumed constant over time,

ift—k= if'—l= Ek: ﬁflﬁ’l='1~

We further assume that the /V assets are divided into j, % strata and all
assets having identical § and % subscripts are homogeneous in all
respects,

erforming the operations indicated in (17) we find:

— —_— k —
Ldt=[,P,z',+ > (ct—i) M,J:I dt (18)
where (P,= i Py iy, and

:1‘71:= é Mg

This says that the interest charge is the imputed interest on the mar-
ket value of the asset, plus the excess of contract interest paid over im-

puted interest on the mortgaged portion. If by any chance M is
a constant, the summation in (18) reflects a weighted average of East
interest rates. If not, it is a somewhat more complicated weighted
average.

4. Data Requirements. The data requirements are, in a word, sub-
stantial. We require:
éa The ;5 for all relevant 7,

b) The bivariate asset-mortgage age distribution f; ;i for the
base year,

c) The contract interest rate ¢* for all relevant %,

d) The average size of outstanding mortgage for mortgages
of each age. This may be most easily estimated directly or it
may be derived by using “average” terms of credit in each rele-
vant past year (including downpayment size and length of pay-
ogo period in addition to contract interest rate) as described
above.

(e) The current lending rate ;.
Of these, it is (b) and (d) that will be most difficult, but there are
any number of simplifying assumptions that would reduce the data
requirements, and I leave 1t to others to investigate whether they are
justifiable as approximations.

The greatest simplificatioh of all would be if the differences between
¢*; and 4; are small. If 7,=¢c*; the entire summation of (18) vanishes.
I doubt if this is justifiable, but the smaller is (¢*x—%:) /%, the less
influence the summation term has in the total /..

A less drastic simplification would be to regard the average size of
remaining mortgages as a simple function of, say, :P; (as determined
perhaps ﬁy a survey in the base year). This assumption would per-
mit pulling the average size of mortgage out of the summation of
(18) and multiplying 1t by a moving average of past contract interest
rates, the weights reflecting the rate of acquisition of mortgages
(taken perhaps as equal to purchases of assets) in the past years.
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The potential error in this assumption is that it neglects changes in
the terms of credit other than interest rate, specifically the size of
downpayments and the length of mortgage payoff periods. It would
not be impossible to “adjust” an average mortgage figure for such
changes, or to estimate it in a more sophisticated manner.*?

In short, if contract rates and other terms of credit vary over time,
and if contract rates differ substantially from the imputed lending
rate, it is necessary to have some estimate of both size and age distribu-
tion of mortgages. Given complete data, an exact determination is
possible, using (18). But “sufficiently accurate” estimations may be
possible using much less data.

5. Comparison with Present Practice. Interest plays an important
role in the BLS index with respect to owned housing, and we shall
make the comparison in that context. The concept used is: interest
payments contracted for in the current year for mortgages acquired in
that year. For an individual house, given its price and the credit
termos in the current year, it is a straightforward actuarial computa-
tion to determine (1) the size of the mortgage and (2) the total pay-
ments of principal and interest to be made over 7' years under the
terms of the contract. The difference between these two is the amount
of interest contracted on that house. The BLS concept is a weighted
average of these amounts, weighted by distribution of purchases in the
base year.'® -

It may be noted initially that this concept fits, if at all, only within
the first of the conceptions of an index number, discussed in the first
pages of this paper. The “current outlay” approach (not advocated
here) would use payments of both principal and interest and would be
based on all assets owned, not merely current purchases. The user ap-
proach, described above, would include current ineterest payments on
mortgages of all ages. Apparently the BLS justification is that this is
the cost of purchasing a debt instrument without which the house could
not have been acquired. Whether this is an appropriate real measure

of that cost is questionable in view of the fact that the average actual
life of mortgages is substantially shorter than their contract lives,

given the mobility of the American population. Leaving this objec-

tion aside, it is not clear why future fpayments are not subject to

discounting to find the present value of the future commitment.
For a mortgage of M dollars, contracted at time ¢, the

-1
Interest Contracted:M-aﬁl-nT——M

(where CaT| is the present value of an annuity of $1 for nT periods)

c*, 1
=M T =T 1]

19 One might, for example, try to find an estimation relation of the form:

Us=a1+a:P1+ asTs + acce +asc*s

where T, ¢:, ¢c*t are mpé)roprlate welghted moving averages of &ast terms of credit.

1 In practice, the BLS departs from this concept by taking the terms of credit other
than the contract interest rate (¢, T') as fixed in the base year. This may be a justifiable
simplifylng assumption, but it has no Inherent logic whatsoever. Our comparison will
be with the concept rather than the practice, since we may wish to modify our concept
in a similar way to reduce the data requirements, discussed above.
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and where 7 is large, this may be approximated by
. c*g (19)
—M[l "_e—c*gT_ 1].

If we consider mortgages on purchases of different ages, the average
amount of interest contracted is

écMI[l__iz;-Z:—*‘r— l]f' - (20)

where the f’;-; are the appropriate purchase weights.

Even brief com¥arison will show this is totally different from (18}.
The magnitude of the expression in brackets may be of interest. 1f
¢*:=.05 and 7'=20, it has a value of .582. In other words, a $10,000
mortgage acquired under those terms would have an amount of interest
contracted of $5,820. Of course, since the purchase weights are small,
this magnitude 1is subject to a considerable reduction, but, as will be-
come clear in a subsequent example, it is quite fortuitous it the overall
interest charge in any given year is congruent with the annual amounts
of interest paid or imputed. This is significant because it may distort
the influence given to interest in the broader context.

The reason that only the current contract interest rate appears in
(20) is that this concept of interest is prospective rather than retro-
spective, and prospective interest payments on current contracts are
based on current rates.

D. INCIDENTAL PURCHASE AND FINANCE EXPENSES

These costs, often described in the housing field as closing costs,
should (it may be argued) be amortized over the length of asset owner-
ship, but their significance is sufficiently small that it seems satisfac-
tory to treat them as current expenses in the year incurred. This
avoids the need to predict the subsequent duration of ownership of
assets currently purchased and also avoids a substantial computation.

‘We note that, in this view, the amount of such charges is aggregated
only over the fraction of assets actually acquired in any year.

The appropriate cost figure may be written directly for the average
asset :

TFdt=3DJ 1 dt 1)

where the f’,_; are the purchase weights such that

2f’x—:= %ﬂ'

The fiction of a constant age distribution of assets implies that

lNk-‘
NV

isaconstant.
The data required are at most the /5 and the f’,_;. If we can sup-
pose that the J; are at any time a constant fraction a; of purchase
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prices, and inde{).endent of age except as age affects purchase price, the
expression simplifies to

7,dt=-1—”,'a,—‘1%:,i‘dt (22)

in which only P’; and a: vary over time. (There are of course rea-
sons for supposing that these incidental purchase costs may va
among assets of different ages, but perhaps the differences are suf-
ficiently stable over time that the contrary assumption is workable.)

The procedure implied by (22) corresponds to the BLS practice
with respect to housing with the additional assumption that a; is a
constan’ over time, as determined in the base year. e may note that
this is the only place where use of purchase weights is deemed ap-

ropriate in the user cost approach, and here as a simplification that
1s acceptable only because these incidental purchase costs are in gen-
eral quite small,

E. TAXES AND ASSESSMENTS

Since we are dealing with an aggregate of assets of constant age
distribution, there is no serious problem here. The amount of taxes
(X)) on a given asset is the assessed valuation times the tax rate. For
a collection of assets, we have the current tax rate times the weighted
average of assessed valuations

X,dt:[z,z,V,j,_, d (23)

where @, is the annual tax rate, and ¢V the assessed valuation.

Equation (23) requires data on assessed valuations of houses of all
relevant ages. One simplifying assumption would be to assume
that assessed valuations are proportional to prices. A second is to
assume that the ratio of assessed valuations of assets of different ages,
¢V 1/:V 4414 i constant over time. This is equivalent to the first assump-
tion if, but only if, ;aj=a:_4, for all ;.

Supposing tge second assumption is adopted, let V- be the assessed
valuation of an asset of age (¢—j) in the base period, and let V /¥,
be the average increase in assessed valuation in year ¢ over the base
year (£=0). Then (23) becomes

—d '
_I.7
xit=[«ZY V. iy | (24)

where the summation is a constant.

Equation (24) corresponds to the concept used by the BLS in its
owned housing computation. It may be noted that here BLS uses
ownership weights, not purchase weights.

F. MAINTENANCE AND REPAIR costs (MR)

It seems sufficiently accurate to assume /% expenditures are paid
for currently and that the real amount of /% is a function only of the
age of the asset in question. If so, the only problem is the definition
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of what is appropriately considered /2. For, given this, we can
‘(given the constant age distribution of assets) estimate the amount
of MR in the base year and multiply it by a price index of an appro-
priate sample of maintenance prices. )

But while the definitional issue is the only issue, it is important and
it is closely related to the concept of depreciation discussed previously.
For some of what may be loosely called /R expenditures may be 1n
lieu of depreciation, and some may be improvements. For some du-
rables, say automobiles, the distinctions may be clear cut; for some,
such as houses, they may be blurred. :

In principle the appropriate M R expenses on a particular asset are
those just required to let the ratio of the price of the used asset to a
new asset be at the level indicated by the depreciation ratios—the a’s
in our earlier notation. That is, depreciation ratios imply some
normal or standard condition of used assets, which in turn imply some
average amount of M E. Actual expenditures on maintenance and
repair items may, in individual cases, depart from this normal amount
in either direction, and this will be reflected in a variance in actual

rices of used assets of the same age. It is clear that if actual and
1mplicit MR figures differ, it is the latter that is appropriate in com-
puting the base year i/ expenditures.

While it is clear that for individual assets actual MR may differ
from normal, there mag be no problem at the level of aggregation
actually used. The BLS reports its concept for housing as “estimated
average amount paid . . . in the base year.” * If depreciation ratios
are based on the average asset (and if the “averages” are comparable),
average actual expenditure is the appropriate base. Whether this is
the case must be determined.

A practical problem is the separation of improvement expendi-
tures from ME. The concept of a “fixed level of living” that under-
lies the CPI clearly implies the exclusion of those expenditures (e.g.,
kitchen modernization) that amount to increases in quality, how-
ever regular they may be. The shelter component of %he CPI now
includes such improvements, improperly.:s

Letting ME;.; be the amount of normal MR on a house of age
(¢-7) in the base year, B: be the price index of M2 items in year 2,

m,dt=[3, MR,_ .., | at. (25)

The summation is a constant. The value of this constant and B,
are currently determined by the BLS for housing and present no
exceptional data requirements.

Aside from the exclusion of improvements, this is the concept
currently employed by the BLS, which here again uses home owner
(not purchaser) weights.

U The original includes the phrase ‘“per index family” whereas we are talking about
the average asset holder, but our subsequent fractional weightin
ulgtgatel reggce Itlh;’s toRth? sa.mlg gnsls. 1056 & § of asset holders will
ee Monthly Labor Review, February , D. 198. uantf ~
tures are about 40 percent of the total of ma.lntexlx,ance. rep?ur.nantgtllz;e;{ogxi?nt‘;x pendt
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G. INSURANCE
Several alternative definitions of constant quality are possible.
Among these the simplest, which we use, is the notion of insurance as
a constant proportion, &, of market value of the asset.2®
Letting ¢g; be an index of annual rates for insurance of specified
risks,
G‘dt=gg.b‘det. (26)

This corresponds to the BLS concept in use in housing; once again
home owner (not purchaser) weights are used.

I1. ComparisoN WitH PreseNT CPI TREATMENT oF
AvromoriLes AND Houses

Since the BLS procedure is different for automobiles and for hous-
ing, it is necessary to compare the user cost approach, advocated in
the paper, to each of them separately. This 1s most e(fectively done
through use of some artificial examples that will highlight the form
and nature of the differences in results that occur.

The comparison with BLS procedure in respect to automobiles is
a clearcut comparison of the user cost approach with the asset price
agproach. The BLS procedure with respect to housing is a mixture
of the asset price and outlay approaches. For the automobile com-
garison, the two principal substantive questions are: first, do the in-

exes move together under the two approaches? And second, are
the weights given automobiles for combination ‘with other elements
of consumer purchases in an overall index of the same order of
magnitude? For the housing comparison, there is the additional
question of whether the several components of the housing costs are
iven similar relative weights in computing the overall housing index.
he answers to all of these questions are negative.

The examples below use hypothetical data and are simplified in
many ways so that the essential differences become clear. In a num-
ber of places we deliberately chose assumptions that will minimize
differences between the two approaches. In only one respect will the
examples seem extreme—we have chosen data which reflect a very
rapid and uneven rate of price inflation. The use of inflation rather
than deflation is of course arbitrary and inconsequential. The use
of extreme price changes facilitates examination of what is really
going on in the alternate approaches. It may be argued that if prices
are changing very little the differences we develop will be reduced
proportionally. But this misses the point: it is only where price
changes are significant that index numbers of prices are important
and that the proper form of an index is worth debating.

A. AUTOMOBILE EXAMPLES
The automobile index of the CPI consists, in essence, of computing:

SPF ye Pl

where the overall expenditure weight (W*,), like the average prices,
reflects purchases in the base year.
1¢ This seems sat!stxu:tor‘w.'l for housing where the princi) insurance 18 on the dwelling,

g‘:ﬁ automobliles, where liability insurance is involved, the assumption seems more
ous,
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The user cost index is of the form of equation (3) above. For these
examples we use the simplified form:

Fi_Bitly,
F, Rot+I,
That is, we neglect com}{:)nents other than depreciation and interest
and assume d¢=1. In the examples we also neglect (until the end)
the difference between W, and W*,.
The BLS considers only four age strata of purchases: new cars,

and used cars of 3, 4, and 5 years of age. The following distribution
of f’¢-;, which crudely approximates that in use, isused :

(28)

i~j Se-i

B WNO=O
i
S

In order to suppress one element of difference between the approaches,
we assume these same weights are the f._;—the frequency distribu-
tion of assets in use by the index population. (There is no reason
why the two distributions should be the same. Indeed this particular
[ty is 8 virtuallg' impossible distribution of f;-;: what happens to
one-year-old cars?) Notice that this distribution gives no clue as to
how long individuals operate a given automobile before trading it in,
or selling it.

The basic (assumed) price data appear in Table 1. Columns rep-
resent the prices of a distribution of cars of different ages at the same
time. Rowsshow the prices at successive times of an automobile built
in a specific year."

TaBLE 1.—Prices Relatives (FPy=100

¢t
H =1 0 1 2
-7 28
-6 33 26
-5 41 33 52
-4 51 41 (] 35
-3 64 51 82 &0
-2 80 64 102 72
-1 100 80 128 103
0 100 160 147
1 200 210
2 800

17T have assumed that the relation of used to new asset prices follows a simple declining
balance form, where tayj=(l1-a)'~/ with a=.2 for the first three columns, and a==.8 in
the last column. Reference to footnote 7 will show that these assumed values for the
first three columns are those that minimize the difference between the two approaches.
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Table 2, which is derived from these data, permits the direct com-
putation of the deélreciation component of our index. The result of
this computation, based on equation (13), and the computed values of
P’; are presented in Table 3.

TasLe 2.—0omputed Values, from Tabdle 1

A AS
Age of t4 t 1 a-D
Asset at ¢
t=0 twl t=2 t=0 tm] tm2
1 .20 .20 | .3000| .100 | .100 | .1500
4 .10 .10 | L2700 .018 L0185 | .0405
[ .08 .08 | .2433| .012 | .012 }.0365
8 .07 .07 .2133 | .014 .014 }.0427
. 141 141 | .2607
r
4 P . r t
tt () t
=1
0 100 1.0 0.00 1.00
1 200 20 0.70 0.70
2 300 L5 0.41 0.82

TasLE 3.-——Depreciation and Purchase Price Indedes

B = R,

= ; - x t

¢ Py joer L Ry AT =

Po Ro Py
0 70.40 100 14.10 100 .20
1 140,80 200 10.74 140 14
3 186.25 265 66.34 470 .88

Table 3 casts light on the adequacy of purchase ptices as a proxy
for depreciation. The comparison between years zero and one re-
flects only the influence of the » factor—the other two sources of dif-
ference have been assumed away. (See discussion following equation
(14) above.) The assumed (relative) collapse of used car prices be-
tween year 1 and 2 serves to reduce average purchase price (relative
to a new car price index) but to ¢ncrease depreciation. This 1s a per-
fectly sensible result: A decline in used car prices makes “buying in”
cheaper, but having held a depreciating asset more expensive. The
last column of Table 3 makes clear that no value of W¥, in equation
(27) will bring the indexes into alignment. In general, then, purchase
prices will not be a reliable proxy for depreciation.
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To compute the interest component requires data on interest rates
and average effective sizes of mortgage. The data assumed for the
latter are given in Table 4.

TasLE 4.—Size of Mortgages

Asset Age t—f| =0 t=1 1=2
1 720 | 140 | 1800
4 287 7.4 50.4
5 19.8 39.6 30.0
8 13.0 26,0 17.5
ZeMifimte - 45.87 | o175 | 110.06

Reference to equation (18) makes clear that an index of user interest
costs will differ from an index of asset prices even if interest rates and
other terms of credit are unchanging over time (but ¢*;=%;) if the
ratio of size of remaining mortgage to asset price varies either over
time or among assets of varying ages. Example 1 in the tables below
illustrates this; example 2 lets interest rates vary. The assumed
interest data are given in Table 5. (Example 2 again oversimplifies
by assuming fix=f:y. The problems of the bivariate distribution are
deferred to the housing example.)

TABLE §.—Assumed Interest Rates
{Annual, percent]

Example 1 - Ezample 2

¢*» For mortgages of age

1 year 4 years 5 years 6 years

4 12 3.0 12 10 10 8
4 12 3.5 14 12 10 10
4 12 4.0 16 14 12 10

Table 6 summarizes the results of the interest computation.

TagLE 8.—Interest Component

Example 1 ) Example 2
Il El 1 E
t T =100 = ) -100 =
Io I . I Iy
6. 49 100 2.17 5.99 100 2.33
12.98 200 1.52 14.66 | - 245 1.85
16.26 251 4.08 20,12 338 8.30

as:ﬁghilse nulgbers welt'&lal ftoutlllld fronll‘ the l;?slg price datg. by ?e fol}iowlng simplifyin
ption: Suppose a e average effectlve size of mortgage during the perio
t—1 to ¢ is & fraction, et-j, of tP)t. w;th the following value: & & P

e
1 9
4 K4
b .6

6 b
This assumption neglects the influence of changing credit conditions on mortga, %o,
ggceu sizel-;ofi)mlortgagAe problemp 1:18 éncald head ong;lxs the hoxlxslngtcomparison 1181 f’%;t' Ig.
on B, below. more sophistica approach here would not change a|
conclusion, although it would change the numerical values. hy substantive

i
I3
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Notice not only that the interest indexes, in both examples, differ
from doth the depreciation component and the purchase prices of
assets, but also that the amounts of interest do not bear an even
approximately constant relation to the amounts of depreciation. This
means that the user cost index must be a ratio of sums, not a sum of
ratios. (See nonequalities (4) and (5) above.)

The indexes corresponding to (27) and (28) are presented in Table
7, neglecting the overall weights W*, and W,. The last column in the
table sheds light on these weights. Notice that the amount in the P’;

column is greater than in the #; column. The former will be given
& weight, W*,, proportional to purchasers of cars in the base year;
the latter a weight, W, proportional to wusers in the same year.
Whether the amount of car expense ** to be included in the overall
index is larger, smaller, or the same under the two procedures depends
upon the ratio of W*, and W,. But since #,/P’; varies over time,
there is no pair of values of W*,and W, that will make the procedures

equivalent.
TABLE T.—Summary of Ezamples

Amounts: ePo=100 Indexes: year Q=100
¢ TP,
_ — — - Pur- User D(eﬂpre- Inter-
Py R Ry Iy chase | Cost 8- est
Price tion

Exa‘x’nple 1:

70.40 | 20.59 | 14.10 6. 49 100 100 100 100 .20

1 140.80 | 32.71} 19.74| 12.08 200 159 140 200 .28

2 186.25 | 82.60} 06.34] 16.26 265 401 470 251 .44
Example 2;

0 70.40 | 20.00 | 14.10 5.99 100 100 100 100 .20

1 140. 34.40 ] 19.74 | 14.66 200 171 140 245 24

2. 186.25 | 86,46 20.12 265 4301 - 470 336 .48

To summarize, our simple example shows several thin%s:

1. The two procedures lead to results that are strikingly different
in, first, the magnitude of the size of price changes, and second, the
relative rankings of years with respect to rate of changes in the index.

2. The several components of the cost of using an asset vary in their
relative sizes from year to year so that we must use a ratio of aggre-
gates, not a weighted aggregate of ratios. This point will become
critical with respect to housing. ‘

8. The overall weights W*, and W, are not only different concepts
bilt there exists no fixed conversion factor that wiﬁ make them equiv-
alent.

B. HOUSING EXAMPLE

‘Whereas the BLiS treatment of automobiles represented a consistent
(if mistaken, according to the user cost approach) use of purchase
prices and purchase weights, the home owner index is an amalgam
of purchase costs, current user costs—and even future costs.

he simplified representation in equation (29) will highlight cer-
tain general problems. We will return to specifics subsequently.

Let H,=BLS index of home owner costs in year ¢ (The fraction

1 Recognizing that we have not included all elements of that expense In our examples.
Compare (8) and (28).
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Wo—about .5 in 1952—is factored out of all specific weights in the
subsequent representation.)

2 W, Purchase Price,

Purchase Price, Purchase Weight,+ (29)

Incidental Purchase Cost,
Incidental Purchase Cost,

Purchase Weight,+

Interest Commitment,
Interest Commitment,

Mortgage Acquisition Weight,+

Insurance Costs,
Insurance Costs,

Tax Cost,
Tax Cost,

Maintenance, Repair & Improvement,
Maintenance, Repair & Improvement,

User Weighty+

User Weight,+

User Weighto]

Notice particularly the following criticisms:

1. The first three elements in the square brackets apply only to the
small fraction of the homeowners who purchase (and/or mortgage)
in a specific year. Indeed, it is the fraction in the base year. The
last three elements apply to all homeowners. The relative weights
given the components may thus be subject to a distortion even if the
components are sensible.

2. The limitation to purchasers alone is appropriate only for in-
cidental purchase costs. Purchase price is not an element of user cost
at all, unless it is a proxy for depreciation. But if it is that, the
limitation to a fraction of homeowners makes it an inherently inade-
quate proxy for a real user cost. Similarly the interest commitment is
largely a stream of future costs over 7" years from ¢. That this is not
even approximately a satisfactory “proxy” for the true user costs is
evident from: (a) the use of a mortgage acquisition rate—limited, like
purchase weights, to a fraction of users; (b) the neglect of user cost
on past acquisitions, at other interest rates; (c) the neglect of user
costs on nonmortgaged assets or on fractions not mortgaged.

3. The index isan aggregate of ratios, aggregating the several ratios
with weights from the base year. It thus does not permit changes in
the relative importance of components over time, although such
changes are fully consistent with an index based upon the use of a
constant quantity-quality of houses.

4. The inclusion of improvement in the index seems improper within
the fixed base concept of constant quality.

The basic data for this example are specified in Tables 8-11. While
we intend to construct an index for years 0, 1, and 2 only, it is neces-
sary to specify data for earlier years because in this example we derive
(rather than specify) the size of remaining mortgage in terms of pur-
chase prices and dates, and the terms of credit existing at those dates.
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TABLE 8.—Prices of New Houses (4Ps)

+Poe=100
Year WP Year )
- 60 i| -9 84
..% 62| -8 8
~10 64 (| -7 88
-~18 66 || —6. 90
-17 68 || —8. 92
—186 70 || —4 o4
-15 72 || -3 28
-4 "l -2 98
-13 76 || =1 100
-~12 78 0 100
-~11 80 {1 +1 200
-10 82 || +2. 300
TABLE 9.—New o Used Prices
Year Dapreciation Pattern Depreciation Rate
21 to +1 Straight Line_.._....._._._.| 2 percent (50 years).
ia Stralght Line. ... 2%4 percent (40 years).

TaBLE 10.—Bivariate Distridution of Age of Houses and Age of Mortgages

[Percent]
Total | f Age of Mortgage (years owned): (—k
Ago of Asset ((—) I‘ ’ t—4
0 1 2 3 4 ] 10 15 20 More
5.0
1.0} 4.0
1.0 2.0
10| O 1| 2 f|eceeeleoiclcacan)omaann 7
30| 30| 8| 3| 40| 40| o[l -}
30| 20 [ PO E——
30 20 8 2 2
L5 LS8 1 1 1 1
1.6| L5 1 1 1 1
Total.cevemnea-- . 100 20.0 | 17.0 12 4 4 2
LN A
TasLe 11.—Terms of Mortgage Oredit
[Interest rates In percent}
Contract { Length of| Fraction | Lending Contract | Length of| Fraction | Lending
Year rate |mortgage| of sale rate Year rate | mortgage sale rate
3 T price 8 e T price N
Ca [
4.0 14 0.76 E') 4.0 18 .71 m
4.0 14 .76 1) 4.5 17 .70 1
4.0 14 .15 1 4.5 18 .69 1
4.0 14 .76 1 "5.0 19 .68 1
4.0 14 .75 ! 5.0 20 .87 !
4.0 15 .7 1 3.0 20 .66 1
4.0 15 . 1 5.0 20 ‘85 \
4.0 15 .75 1 55 20 .64 (!
4.0 15 .7 85 20 .83 3.5
4.0 15 .75 v 50 20 .62 3.0
4.0 156 .3 '; 5.6 20 .61 3.8
4.0 15 .72 1 6.0 20 .60 4.0
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Since there is a one-to-one correspondence of terms in equation
(29) with terms in the numerator of (3) (if we pretend purchase
price is a proxy for depreciation), it will facilitate presentation of the
results of the com[ianson to treat the items sequentially, although,
as we have seen in Part I, the individual components are different in

the two approaches in some cases, and although relationship (5) is
not an equation.

C. PURCHASE COMPONENT (BLS) AND DEPRECIATION

The BLS purchase component is computed from purchase prices
in each year weighted by the precentages, f’;;, in the zero column of
Table 10. These weights not only reflect the acquisition pattern but
reduce the figures to a “per homeowner” basis. The results of this
computation are shown in the first two columns of Table 12. (Had
we used weights reflecting the distribution of assets—as we did
in the automobile examples—as shown in the total column of Table
10, ndi'usted for the Eurchase ratio of 1/5, the results would have been

slightly different and are shown in columns 5 and 6 of Table 12.)
TagLE 12
BLS8 Purchase Component | Depreciation Computation | BL8 Purchase Component
(purchas'e weights) (ownership weights) 351
Year =4 (5]
Amounts Index Amounts Index Amounts Index

1) () ) ) ()} ©)
[ 15.68 100 2.00 100 14.281 . 100
b P, 31. 38 200 2. 80 140 28. 56 200
e 43.80 219 23,12 1158 88. 55 270

Notice not only that the indexes behave very differently but that
the expenditure weights in the BLS index are consistently too high.
This is due to the fact that we assume that the purchase rate is sub-
stantially higher than the reciprocal of the useful life of a house.
That is, notwithstanding that houses last 40 to 50 years, we assume
that the purchase rate is 20 percent. While the specific numbers are
arbitrary, the well-known high mobility of the American population
makes these magnitudes seem reasonable. A

D. INTEREST

Since the two alternative approaches were compared in Part I, Sec-
tion Cb above, we shall turn directly to the results of applying (18)
and (2) to the assumed data. They are presented in Table 13.

TABLE 13.—Intercst

User Cost: Interest Interest Charge®
BLS: Interest
Contracted -
Imputed: fi-¢Py | Extra Explicit Total Price
Year

Amount | Index | Amount | Index | Amount | Index | Amount | Index BLS gser

ost

(1 ) . @ ) %) ® Y] 8) 9) (10)
() 5.66 100 2.142 100 .848 100 2.99 100 7.9 4.2
) T, 12.42 219 4.998 233 .849 100 5.85 106 8.7 41
b JE. 18.83 333 7.710 360 1.020 121 8.73 202 | 9.8 4.6

*Par average homeowner (percent).
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The results of the interest contracted (on a per homeowner basis)
calculation are shown in columns 1 and 2; the results of the user cost
computation éon the same basis) are shown in columns 3-8. While
the overall indexes (columns 2 and 8) are not drastically different un-
der the two approaches, this is due to the numbers chosen rather than
to any fundamental similarity of the concepts employed, as attention
to the detail will suggest. The amounts %)columns 1 and 7), which
are the implicit weights given interest in total expenditures on hous-
ing, are very different. Columns 9 and 10 shed some light on this.
Our approach (column 10) reflects current lending rates, modified by
a weighted average of past contract rates, and the figures in column
10 are meaningfully re]{;,ted to the underlying interest rates of Table
11. The figures in column 9 bear no such relation—their magnitude
is erucially related to length of mortgage and to the mortgage acquisi-
tion rate. The latter is cﬁieﬁy related to the duration of ownership of
houses. :

E. INCIDENTAL PURCHASE EXPENSES

We assume that these expenses amount to 2 percent of purchase
price in year purchased. They appear in Table 14. They are thus
properly weighted by purchase weights and move with the BLS pur-
chase index, as shown in column 2 of Table 12.

TasLE 14.—Incidental Purchase Cost

Year Amount Index
0 0.3138 100
1 . 6272 200
2 . 8760 279

While these amounts are identical in the two procedures, it should
be noted that the relative size of incidental purchase expense to depre-
ciation (on the one hand) and to the purchase component (on the
other hand) are very different year by year.

F. TAXES, MAINTENANCE-REPAIR, INSURANCE

To simplify drastically, we lump these items together and assume
arbitrarily that they amount in any period to 4 percent of the market
value of the house at the end of the period. (This will introduce a
bias in our index toward conforming with the BLS concept because
these amounts then vary exactly with the amounts in column 5 of
Table 12—which are closely correlated with the purchase component
of the BLS index.) We will use these amounts weighted by the
ownership distribution (f;-;) and use identical amounts for the two
approaches. The results are shown in Table 15.

TaBLE 15.—Insurance, Tawes, and Maintenance-Repair

Year | Amounts Index

2.88 100
5.7 200
i 270

[ 1 oX-]

(We have here suppressed certain differences discussed in Part I
Sections E and F, above.) . ?
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G. TOTAL HOUSING COST

Tables 16 and 17 present the combined costs under the two proce-
dures. The upper parts of the tables show the amounts of the com-
ponents and the indexes based thereon ; the lower parts reflect the im-
plicit weights of the individual components in the totals. The BLS
1mplicit weights are stable because stability is built in—the wisdom
of that assumption is challenged. It should be noted that the relative
size of the individual components in the BLS procedure is critically
affected by the purchase ratio. In our procedure this ratio directly
affects incidental purchase costs and to some extent the interest com-

onent; but the relative size of the principal components is largely
Insensitive to the magnitude of the (assumed fixed) purchase ratio.

TABLE 16.-—BLS Concept: Summary

. . . " Total

Year Purchass Incidental Intereat Taxes, ete.
cost purchase committed Amount Index
oost
[ | T, 15 68 .31 5.66 2.86 24,51 100
) DO, 31.36 .63 12.42 5.71 50.12 . 204.5
R, 43.80 .88 18.83 .71 71.22 290.6

HORIZONTAL PERCENTAGES

64.0 L2 2.1 1.7 0
- 62.8 1.2 2.8 11.4 100.0 |.
2. 81.5 1.2 26.4 10.8

Notr.—Starred columns reflect purchase weights, others ownership weights.

TABLE 17.—User Oost Concept: Summary

. Total
Year Depreciation | Incidental Interest Taxes, etc.
purchase Amount Index
oost .
2.00 .31 2.9 2.86 8.16 100
2. 80 .63 5.85 571 14,99 183.7
23.12 .88 8.73 7.711 40.44 495.6

HORIZONTAL PERCENTAGES

[ . 4.5 3.8 36.6 85.0 09.9 |lecevetacanennn
18.7 4.2 39.0 381 100.0 o iammeeeee
571.2 2.2 216 19.1 100.1 focoecvmomeaeen

Norte.—Starred {tems reflect purchase weights, othors ownership weights.

It may be noted, finally, that not only do the indexes move differ-
ently, but that the amounts, which become implicit weights for com-
bining home owner costs with renter costs in a total shelter com-
ponent, are different in the two approaches. Since rental cost is
clearly a user cost, a comparison is valid. Suppose, to get some notion
of magnitude, we use the familiar rule of thumb that a long-run aver-
age rental of 1 percent per month of market value is appropriate. For
the average prices of our housing example this yields annual rental
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amounts of 8.57, 17.14, and 29.13 for years 0, 1, and 2, respectively.
These magnitudes are strikingly congruent with the user costs de-
veloped and much below the amounts in the BLS index.2°

I1I1I. ConcLUSION

It has been the primary purpose of this paper to develop the user
cost approach to the problem of consumer durables in an index of
consumer prices, to describe and characterize the present BLS ap-
proach to the two most important durable consumer goods, and to
see if the results are significantly different. Both the algebraic
analysis of Part I and the examples of Part II indicate that the dif-
ferences are fundamental, pervasive, and striking. If the user cost
approach is accepted in principle, it can hardly be suggested that
present procedure is a reasonable approximation to it. At issue is
more than just the magnitude of price changes. Additionally there is
the behavior of the index over time and the weights given the in-
cluded durable goods in the overall index.

Is the user cost approach the sensible one? It is clearly one sensible
one, and in my view perhaps the most sensible one for a general pur-
pose index. But the issue of which is the most useful approach de-
pends crucially upon the purpose for which the index is used, and
that is beyond the scope of this paper.

If the user cost approach, here advocated, is adopted, the discus-
sion of present (fractice can be neglected. If, however, this ap-
proach be deemed inappropriate or impractical, a secondary purpose
of this paper has been tophighlight certain fundamentalrgi culties
in the current procedures. Among the most important of these are:

1. The critical need for the definition of the approach to be used
and its implementation. Thus the fundamentally different treatment
currently given to automobiles and owner-occupied housing can hardly
both be consistent with the same concept. One cannot escape the con-
clusion that the latter-day introduction of durables into the CPI has
been in a series of ad hoc steps which have no coherent logic.

2. Should a component-by-component computation such as is cur-
rently employed in the treatment of housing be retained, it is essential
that attention be directed to two problems. The first concerns the
proper determination of the relative weights given to the several
components. The second reflects the fact that component weights will
not remain constant over time even if the quantity and quality of
goods remain constant.

8. The use of a purchase price component creates difficulties of two
sorts. The first is whether it is necessary to distinguish among pur-
chases that are (a) net increases in asset holdings by the index popu-
lation, (b) exchanges among assets of different types, or (c) exchanges
of specific assets (e.g., houses or cars) of the same type. The extent
of each of these clearly affect the expenditure weights, but equally
clearly they are very different in character and bear very differently
on the concept of “a fixed quantity and quality of goods and services.”

% To what extent this Is a. fortultous result of the data and assumptions of our hypo-
thetical example is not known. Should a stmilar result occur in an application to real
data, it su%ests a very simple shortcut to finding expenditure weights that seems superior
to present BLS procedure.
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Only the third is even approximatey handled by using prices net of
trad);-ins. The second (and related) difficulty arises from the fact
that, e.g., houses are typically not retained for the whole of their
useful lives and thus the expenditure weights are critically affected
by turnover rates. In particular the interest component of housing
seems subject to systematic distortion. In any case such turnover
rates must be (as they are not) explicitly introduced into any calcula-
tion using asset purchases. :

4. The ultimate combination of durables with nondurables in a com-
prehensive index requires explicit determination of the appropriate
relative weights to be given commodities of each kind. Following
either a user cost or a current outlay approach, the implicit weights
are satisfactory. Using an asset price approach or a mixed approach,
the implicit weights are arbitrary and capricious.

ArpENDIX A. Grossary oF Symmors Usep

Attention is directed to Part I, Section A of the text for an ex-
lanation of the grinciples of subscript notation employed. The
ollowing classified glossary omits identifying subscripts in most
cases.

TIME: DATING AND DURATION

Time is of the essence of durable goods, and is measured in years
from ¢=0, the base date for weighting and comparison purposes,

t: a general running subscript 1dentifying years from base date.
;;: the year an asset was new. °

: the year an asset was acquired.

dt: fractions of a year.

L
" dt

m: number of subperiods of n, generally — oo.

DOLLAR MAGNTTUDES

If unbarred (D) refer to an individual asset; if barred (D), to an
appropriate weighted average collection of assets. See below.
D: Required size of a reserve for depreciation.
F: Total user cost, per year.
@ : Insurance cost, per year.
H: Home owner cost, BLS.
I: Interest cost, per year.
J : Incidental purchase cost.
Size of loan or mortgage.
MR : Maintenance and repair cost, per year.
P: Price of the asset, at market.
R: Depreciation cost, per year.
V: Assessed valuation.
X : Tax cost, per year.
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WEIGHTS

At time ¢, there are N assets of the type in question owned by the
index 1.sgopulation which vary according to age of asset, length of
ownership by present owner, and in other ways. There are subsets of
N which satisfy:

] k |k
N=SN=3N=53N,.,
+f1: the frequency N; at ¢; also (for all j) the frequency distribution
¥

of asset owners over j. (Likewise for (f; and other subscripts.)

+f’s: the frequency distribution of purchases in the year £. I.e., the
frequency distribution over j for k=¢.

[t-15 fe-xy f -3, etc., indicate constancy of :f;, etc., over time.

W,: fraction of asset owners to total index population in base year.

Z *°f]base year weights, defined in context.

WEIGHTED AVERAGES

-

T1= étPth-l
T":= élplf'!—."

(There is no second subscript since £=¢. Thus the summation must
be over j only.
Etc. for other dollar magnitudes.

ANNUAL RATES

%¢: the lending rate of interest, at ¢, (If ¢ is used as a running
superscript, it is without any subscript of its own.)

¢*x: the contract rate of interest, at A.

r¢: the rate of inflation (+) or deflation (—) of the asset, at ¢.
Defined by:

Py

eﬂ!l =
t—d tP 1—-d¢

«¢: another rate of inflation; like 7, but » .
@ : tax rate per dollar of assessed valuation.

DERIVED RATIOS
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CONSTANTS AND UNSPECIFIED PARAMETERS
ay Gy A2y o o .
b, by, by, . . .

A 0
OTHER
%: : An index of insurance rates.
¢ An index of M R prices.

@ 7: Present value of an annuity of 1 ] forn periodsat a

-1 _. 4 :
a~';: Annuity whose present value is 1 specified rate of interest.

S 7: Amount of an annuity of 1

64846—061——22






