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THE LCGIC (¥ PRICE AND PRODUCTIVITY INDEX NUMBERS

SUNIIARY

l. The relation between Marshallian surpluses, their generaliza-
tions, and meassures of agrregate ilncome and wealth are examined.
The conclusion 1s that the assumption of lat degree homogeneity
of the wealth function 1z necessary and sufficient to justify the
usual measures of aggregate income and wealth, but only if the
orice index mssumes the specisl form which we call the Universal
Deflator, or simply The Index. Thils must exist only on a world-
wide basis, must include human capital, and must be weighted by
stocks rather than flows.

We argue that, within the framework of our assumptions, the Univer-
g2l Deflator is the only price lndex with which econcmie thedry
need concern itself, and that all other price indices are lllegiti-
mate except as avproximetions to this one. We then discuss some
biases which are likely to arise in practice, and an examnle of
misapplied regicnal index mumbers.

2. What happens when the assumptions underlying The Index break
down 1s discussed next. In particular we analyse the concept of
external economies, and, in connection with this, the mysterious
increasing efficiency of resources which several investigators have
noticed.

3s Three Appendices deal with the concent of a wealth inventory,
with the measurement of regional price indiees, and with the com-
plications introduced by lags and frietions, respectively.

SURPLUS, WEALTH, AND THT UNIVERSAL DIZFLATCR

There are two methods commonly P
advoeated for measuring valua.
These may be convenlently illus-
trated by means of the familiar
sufply*demand diasgram. The first,
which ls supposed to be more perfect
in theory but harder to measure,
may be called the surplus msthod,
and takes total gains from trade
to be the sum of buyers'! surplus A
and sellers surplus B (we neglect
income effects for the time being). O f Q
Even more simply, if we forget about the supply cuwrve, we may
interpret the diagrem as denoting the price of a good as a function
of the stock of it in existence. Then if Of 1s the quantity in
existence, the surplus method takes the total value of the stock to

the economy to be the sum A plus B plus C (neglecting "wealth effects”),

The second, which may be called the national income method, simply
measuras valus bj;‘ the product of price and quantity: in the Alapram,
B plus C.

These measures become more Ilnteresting when one attemots to agpregate
them for an entire economy. Hers the surplus method runs into very
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10t water indeed. Firat of all the adiing up of separate surpluses
into a single grand surplus is illeglcimate: a reclassificatiﬁn of
commodities would lead tc a2 completely different grand value,

lHotelling males this mistake in his pioneering artiele aoplying
surplus analysis to welfare problems "The Ceneral ‘Wellare Iin
Relation to Railway and Public Utility Rates" Zconometrica 1339
Teaxation and

Second, income or wealth effects, which may be slurre?® over for a
sinkle unimportant article, hecome of crucial imvortance. “When the
measurement of surplus for even a sinile article oresents such 4if-
ficulties (becaunsze of our lack of knowledge of the shapes of the
demand and supoly schedules} it would seem that the attempt ic aggre-
zate for the whole economy must be hopeless. As “3 gshall see,
however, such a Jjudgment would be a bit tco hasty.

Eﬂarshall, a strong advocate of the surplus method, commented:
", ..the task of adding tozether the total utllitlss of all
commodities, 8o 28 to obtain the amgregate of the total utility
of all wealth, is beyond the range of any but the most elabor-
ate mathematical formulae. An attempt £o treat it by them some
vears ago convinced the present writer that even If the task be
theoretically feasible, the result would be encumbered by =0
many hypotheses as to bes practically useless," (Principles of
Zeonomics fth od 131n)

The naticnal income method blithely cuts thhough the ageregatlion
rroblem by adding up all the separate prics-gquantity »roducts,
avoiding double counting, and making mumerous guagi-arbitrary

ad justments, the legitimsecy of many of which 1s still in dispute,
The justification for adding anpears to be expsdiency: in the world
the only figures whieh one has accsas to are prices snd ouantitles,
and glven these the general natlonel inceme epprosch is abcout the
only one which can be used to arrive at any figure at 8ll. OUne
hoves thet the figure arrived at, when suitably deflatbsd, will
varuoly Eﬂnfarm to the true, but inacceszible, reneralized surnlus
measure.

ch. the elaborate disecussion in Pigou Teonomice cf Welfare Itl

Analysis

Sup-ose an econormy conslsts of a group of entitles 4, By Uyawiy saeh
being a person, s machine, a piece of land, etc. Suprose furthar
there 1s & way of measurins the total social wealth ¥{A, B, Cye.e)
and alsc the total wealth if A did not exist: W(B, C,...). The
difference between these two We call the conditional wvalue of A
glven By, Cheeat W(A/ B, Cyees). From the remainder B, C,... W& CAN
aseperate off B in the some way, gettling the conditional wvalue of D
given Ciaes! W(B/ Cyues)e This splltting may by continued until =all
the entitlies in the economy have been exhausted, glving a brenkiowm

'1'1*{.4., H_' E’l‘ii} ﬁquﬂ-ls IL-?{M E, E’.illj 131115 "-.'-FEB/ I::jini] 1}1115 ‘:;{G){--i}
Fluﬁ ene

(Ncte the perfect analogy with conditional nrobability, if only
products are substituted for suma ) .
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This breakdown is exactly the logic behind the surplus approach.
Wa assuma that the value of an entity 1s correctly measured by 1ts
(deflated) price: that 1s, we assume there are no net esxternal
affecta. Now we select nll the entities of a gilven typs. ve tale
one unit of these and measure its value by its »nrice; we then take
sniother and measure its value by the price it would have if the
firat unit we tock no longer existed; we take still another and measure
the price it would have if the firat two units no lonzer existed;
and so on until all entities of this type have heen accounted for.
4s the entitiea become scarcer these hypothetlcal prices will »re-
sumably rise. The total value obtained is exactly the aresa 4 olus
B plus € in the dlagram on vage 1, interoreting it now in the

tock and not in the flow sense. (#e stillare neplectine wealth effectsl

It 1s now clear how to generalize the surplus measure, After the
first type of entity has been fully sccounted for, we select all the
entities of a =scond type and continue the vnrocess! the first unit

is valued at the price 1% would have I1f no entities of the firat

type existed; the second is valued at the nrice it would havs if no
entitiss of the first type existed and also the flrst unit now
measured did not exist; and so on through all entities of tnis sscond
type. 4And one goes on in an analogfous manner through all the remain-
inzk tvpes.

But what sbout the wealth effect? A# we break down the economy step
by stap into its comncnent entitlies the price level wlll also vary,
the prices of all entitles adjusting to tne new relative scarcitles.
To keep values comparable it 1s therefore necesaary to adjust the
daflator as one goes along. The wealth effect la essenblally a
problem of the price index, and, as we shall see, han be sllowed for
handily by using the Universsl Deflator,

The method outlined above still appears to be Imnoszs=zible to carry out
in practige., Supnoce inastead we attack the arcregate wealth function
directly. In particular is there any hasls for believing that the
expedient naticnal income method (natlenal wealth in tThus casa) is
any gogd approximation te the true wealth funection buallt w by sor-
pluses. Thaet ia, we -deaire to know vhethex

Ly r & |
1) W{xy, X0, 13,...} equals S; X304

vhere the xj now atand for quantities of the varicus types of stocks
in exlstence, the p; for thelr vrices, S indicates swmatlion, and U
is the peneral nrice index.

Jince e are assuming no net external effects, py/U measurecs the
marrinal contribution to wealth of a unit of tyn%.ii But Ir this is
so the equation above ia Zuler's theorem for lst degree homogensous
functiona. Onan we then conclude that & is lst “epgree hampgeneous?
Yoz, sinca this conversn of Tmlerts thecrsem 1s alszo true,

Hﬁidder Advanced Calculus

4a therefore eoneluds that, with no net externsl effects, = nscses-
sary and sufTiclent condltion for the neticnal vealth method to

trulv estimete total wealth is for the wealth funetion to he lat
ﬂagréa homogeneous,. e dlscuas helew the conditicns under hica



amf{’

—
A

this ie likely to occur,

The general price index number U 1s by no means arbitrary, and its
form maey he determined as follows:

Differentlating the equation above with respect to time ylelds

2) %%- equales Sy %i%%i plus 84 xid{ u)

But al=o
AW o, W dx nydx
3} H‘E agquala o ﬁiﬁ-i enlalse Si ﬁiEEi
Therefore ¥
dip1/U)
li) S1 X174t equals zero

This differmatiel enuatlon may be sclved for U to yield

tH
9, x,0P%
5) 114 L SERMBNERS o
2 ghery (3L *1Pd

This iz the Divisgia-Rey index number.®  One may verify that it

“Davis Theory cof Econometrics

satlsfies 2ll of Pilshert's deslderata for index nmunbers, It doss sc
by depending not on the values of prices and gquentities at the end-
polints of a time interval, but on the entire pathe of prices and
aquantlities over the interval. If vrice and quantity data at fairly
close intervals are avallable the Divlsia-Rey Index nurmher may be
anproximated by a chained-link index, the mere links the better,

Any conventional index may be used for the links since they all cone-
verge ag the number of links lncreases.

Implicatlions

Ieasurenent of wealth by the sumation of price-quantity products
renquires that we locate a 1lst degree homogenecus wealth function
and use the right general price index deflator. The first reasuire-
ment means essentially that the economy must be comprehensive and
clossd. [For exanple, 1s 1t correct to exelude human helinga (rom Ghe
stock of wealth, ss 13 slmost always done? If the stoeks of all
items of non-human wealth doubled and the stocks of human helngs
also doubled, then total weslth will have doubled , In the absense
of economies of scale., PBut if only the former occurrel, then the
value of non-humen wealth will have less tkan doubled, because of
1ts growing sbundance relstive to human beincs. (Cne may, if one
1likes, exnress this by saving that the marginal utility ol money

has derclined; thern this anorosch vrovides a2 method for measurine
that decline). Again, supnosze all the wealth In one region of an
interregional trading systen doubles in auwantity; will it have _
dcubled in velue? No, because the termns of trade would move against
that region. In short only a closed economy can hope to nave 2
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“1lst degree homogeneous wealth functlon, 3Since thers are no closed
economies short of the entire world, the entire world must ha con-
sldered. (szee Appendix I for problems arising from the measurement
of wealth on a comperable internaticnal basis).

This may appear to be a tall order, but once the zeneraml internztional-
human-capltal-price index is established, a great compesns=ting advan-
tage mappears: we may dispense wlth all index numbers other than Uj

U is the factor making our mmeraire meassuring rod comparable with
tself over time, snd with this cne sdjustment sll comparisons may

be made in undaflated terms. (The existence of lags and frictions
maxe some qualificatiocns to this bald statement. see Appendix I1I).
One may dispense with the medley of wholesale-price indices, cost-of-
living indices, regions]) vrice iIndlced, ete. In fact, we will make

a atronger statement, In the gense In whleh economie arenta are
suppesed to adjmst to real values rather than money wvalues (no "money
11lusion”)} it is erroneous to deflate by any index except U to go
from money to real terms. In this sense we may refer to U as the
Universal Beflator, or simnly The Index.

An example to illustrste thls last atetement. Cocnsider twe trading
reglions, one of which has both wages ani the cost-of- livinr hipher
than the other by say 20%. Are standards of living, or rather real
wages,equal in the two rsgiona, as a cost-of=living deflatlion would
indicate, or are real wages higher in the higher mcney wacs reglon?
The Index would indicate that the latter conclusion is virht, slnce it
i=s the same everyvhere at a given time, so that no space defletion

1s legitimate. In fact the worker in the high wage rercicon is better
off, since he can l1live in a mamner 1dentical with a worker In the
lower regicon, retire with 205 hilgher savings, snd live better after
movine to the lower wage reglon (providing transvort costsz arm not

too zreat). Or even more clearly, he can remit part of his ware to
his mother living in the lower repion. If money itself 1s costly to
tranapoert, we nmat take money in the two regicns tc be two separate
currencies, and when money wages are reduced to this single numersire
the 207 agio maey prove to be 1llusory (=2ee Avpendix I). Further, in
inTluencing a workor's decisions to miprate or stay at home the cost
of living will of course nlay a rcle, but not a2s all as a daflator,
The worker, 1 hs behaves as a rational flrm, will max’mlze his present
value, and thls means, anoroximately, matimizing the difference
between his wage and hils pure consumption (not productive consimmntion)
with no Interregional deflation, 1In the case of a firn deciding where
to locate this is even clearer. (This analysis must be modified if
lags and frictions exist. see Appendix III)

The cuantity welrhts x3 in enuation (5) vhich 7o into ths Tniversal
Deflator are stocks, nct flows. It might be thought that this is

due to our having chosen wezlth to deflats, and that if we had worked
with income or saving, which are flowa, we would have ocbtained flows
as welghta. This 1is not correct. IEnuation (3) is the forrmila for
the rate of weslth accumulation; it 1s identicel in form with equatlion
(1) for the stoek of wealth, and has the identical daflator, Il
therefore reaffirm our conclusicn that the sinsle Univeraal Price
Index should have stocks for welshts., This is sipgnificant in view of
the fact that Jjust sbout every Index number in use uses flows as
welghts--production, consunptlion, zalea, cte,
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Will the vervasive use of flow rather than stoek welghts introduce a
bias into commonly used index numbers? It will if the retio of' flows
to stocks over types of entitiss is correlated with brice changes,

The ratio llow/stock is high for perishable goods and low fcr durables.
But there is no reasson to helieve that price changes are corrslatel
with perlshability. The ratic flow/stock 1is probably hizh for raniidly
expanding soods. These as n group prebahly have declinine prices
because cf rrowing seconomies of scale, Converaely the ratlo will be
low for declining poods, It is hard to say whether these as 2 TrOUD
will have any special price movements. The secon? facteor is the one
which appears to lead to a bHias, and would lead us tc belisve that,
because of the overweich+ins of deelining prices, most price indexes
in existence have a dovmward hias,

There 1ls another factor whiech 1s gunneged to bias mrice indicsz in
the opoosite direction, and that is quality chanze. “hat ampponre to
be 2 rise in price is acitually a response to a qunlity improvemesnt,
and should not be counted as a price rise at all; and conversely for
quality detericratien., Sinece the bulk of auallty changes seem to ha
improvements, a net upward bias is introduced inte the orice index,
The argument is valid and applies to both stock-welzhted and 7low-
welghted indices, and hence to The Index., The remedy is a finer
grading of entitles: quality variants of the zame type In the original
grouping are te be counted as ssparate types,®

6

a8 recomuended by 3tigler Tramds in Cutput an? Zmployment

“hat thls means in nractice is that entities undergoing imoertant
quality changes should be omittet from the 1ink index. 3ince theaa
would show price rises, their omissicn removes the uswar:d hias from
the Indexz. In fact, however, if we had a suff'iclently fine zrsding

we would probably find the prices of roods with raplid suality improve-
ments actually Talling, since the old grade 13 bacomine obsclete and
the new grade is subject to growlng economies of seals, &Even come
plete omission, therefore, will prebably 2tlll leave a residual up~
werd blas. YThe correct solution, as stated ebeve, is finer gradine
with complete inelusion,

{The above discusslion applies to what may be called tanzible nuality
improvements. Intangible quality changes raise issnes of s much
more profound character, and will be dlscussed below,

EXTERVAL BCCHCLIES, PRODUCTIVITY AND RFTICIZNCY

Je nov eXanine the assumptions upon which the preceding analysis
restis: absence of net external effects and first order homogeneity

of the wealth function, We consider the entire closed world 8COonony
and count in human beings as weslth, so that these immediate ob jec~
tions to lst degres homogenelty are eliminated from the start.,

This clears the way for the consideration of sconcmies of scale,
external esconomies, inereasing returns, or whatever you wish to asll
1t. These economies are to be distinguished, fdrst of 211, from
external effecta. There can exist external effescts without increasing
returns: for examnle, in a monopoly. Carrying through the previcus
analysls for thae case of increasing raturns leads to an inequal ity :
in place of equation (5): the chance in the index in the time-4directlion
of Increasing »roduction is less than the Divisis-Rovy Index, or f
otherwlse expressed, the lstter has an upward bias. This is true i no
whethrer—-or nat external effects exlist., Conversely, =zo long as the
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wga;tn function is 1st ﬁegres hmmugenﬂmus thL Wivisia—ﬂay Indax
~—~,| nunber in esuation (5) is the correct formula for The Indsx,
1 regardless cof the existence of net external sfiscts.

This has importsnt impliestions for income and wealth accounting,
It means that one should proceed nnivaly in agoregation, makine no
41 corrections for monopolistic distortions, taxes, or other inter-
' Terences with competitive nrinea. The Univer=zal Deflator takes al
these into account and still retains year-to-year comparablility.?

LoRR2C |

: &E. Ter. lusgrave Theory of Public Pinance Chap?, who takesz the
¥ criterion of year-to-year comparability also in avaluating
different national income accounting appﬁcatbeq.

mr

S0 much for extesrnal effects, The nrablﬂm of increasing “etur“s,
owever, 1ls ¢éritical, I6F on 1ts non-oxistence depends ths validity
of the preceding analyais.

To describe the state of an economy by the quantities of the variocus
types of entitles that constitidte 1t is to miss most of what zoes
under the name of orzanization: the spatizl -elations amonz these
eantities, their knﬂwled_a of each othar, their coordination. Thase
relations, which may collectively be laobelled "goodwill"§{ clearly

Scf. Preinrelch Heonometries 1240

auzment income. They are snoradieslly cavitalized by {irms. They

"N exist on a whole hierarchy of levels, from well below the nlant

level up through the firm, the community, the region, the nation
and the world., Thies rcoodwlll, however, is not some non-material
entity superadded to our stocks of goods, but reflects subtle Aual-
itative vardiations in these siocks thomselves, Spratlinl relations
may he accounted feor by sepsrating sentities by their locations.
Lnowledze and skills are clearly qualitative iatinctions amongs
humsn bﬂ*nga. The upshot appears to be tanat a very fime pradins
GL stocks of entities would catch all the goodwill in the muvlﬂ
Since these qualitiss are 3o easily overloolked and hard to pin down,
Wwe may refer to tham ag Intanrible nuslitlies, The dhlst inctiﬂr
between tanglble and intﬂnnlhle may 142 1n the high depres of specl-
ficity of the latter

If theee Intangible changes are iznored the corparison of cutouis
with inputs would superficislly appear to show the exlistence of
increasing returna, or incresszing “efficlency” of rescurces.

Froductivity and =#fTiclency

A productivity measure is the ratio of some cutput tc sowme input.
To keep numerster and denorinator comnarable it 1s advisible to
talze the outnut which is sttributable tc that svecifiec Input:

thus, labor-output over man~hours, or proveriy inccie cver cenital-
hours. Both of these measures show secular cainz. The laber nro-

—~, ductivity measure ralises nc difficulties of nrincicle, beling attrib-

utable to gains in the asuality of lsbor and narhaps to the relative
incrcase of complementary factors of nroduction. Put the canital
preductivity rise anpears strange Indeed. There are no natural

units of cepnital as there are netural unite of lehor, becausse capltsl
comprises a thoroughly heterogeneons grouc of entitles. (The only
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universal measure available would be tonnage, which is absurd In
this context). The guaktity of cspital 1= in fact meazured Iin real
dollars., But the numerator 1is alsom measured in real dellars per
unit time, and the ratic should be nothing but the rate of return
to capltal (Il depreciation has been netted out of the numerator),
The secular rise in carital »nroductivity, if genulne, would seem to
Irply a seeular rise in the rate of return to capltal.

The rate of return tec canitel is not an easy thing to mesasure.
Interest rates are not good measures because of the influence of
risik, lisguidity and taxation factors. The ratio of stoek ylelds o
atock prlces 1s influenced by these {sctors and slso by =reculative
instability. Wecan, however, entimate the rate cof return to all
wealth in general, counting in wealth in the form of human beings.
Thiz is aimply the relative rate of growth of the economy, which
has been measured at something like 3% per year on the aversra,
(Strictly, the whole world should be hrought in, but we irnore this
complication). This relative rate of growth has bheen fairly stable
secularly since 180G, This i1s an indication that the relative rate
of return to capital has been falirly stable, though nct a very
strong one. There is a considerable margin of uncertainty in thils
growth fisure, but the conclualon cf stability would net be affected
unlesgs there were a secuvlar change in the direction of the bias,

Put the factors which would biss the growth figure--quality improve-
ments, accumulation of goodwill, use of flows Iinstead of stocks--
would appear to be falrly constant 1ln their influence over time.

We conclude very tentatively that thera hes been little or no
secular rise In the rate of raturn to capltal.

Thizs Implies that the relative rate of growth of net property inccme
should about equal the relative rate of growth cf caplital, while thse
figures appear to show that the former exceeds the latter,

Total wesalth, as estimated by the perpetual Inventory mathmd? is
TGoldsmith A Study of Saving in the United States vdl I

the sum of past saving, nettlng out depreclation. Its rate cf accu-
_muletion may be undereatimabed if income 1z underestimated and/or
consumption is overestimated and/or depreciation is overestimated.

As for depreciation, while it may be badly in error for any one year,
ite cumulation over time will be ahout correci, since this will be

g write-off of worn out and obsclete capital. (Large changes in the
erice-level may introduce sccounting distortions, but for secular
problems we may iznore thils factor). An underestimate of inccme
would be no explanation of ths secular rise in the ratic cof inccme

te capital, because it would affect numerator and denominater In the
seme proportion (if consumption were underestimated in the same =ro-
portion). The remsining possibility is an overestimate of consump-
tion. The cass for this is very streng. Agood desl of effort goes
to the creation of goodwill (in the generalized sense used ahove }--
education, personnel work, alvertising, standardizastion, much govern-
rentel activity. This is correctly counted in with Income, but iz,
for the most part, also taken to he immedistely consumned. Thﬂtliﬂ,
the intangible quality changes which are lnduced ars irnored. Phase
show up in the augmentation of future lincoms, and therefore induce

a secular rise in the productivity ratlo.

An slternative explanetion for the rise in ecapltal productivity ls
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index-number bias, due, for example, to guel ity improvements.

. This falls toc explain anything, however, since it would affect
numerator and denominator alike in the same proportion. This might
not ocecur if output and capital stock were estimsted separately

and deflated by differsnt indices. But in fact the latteris nothins
but 2 net sum of the former, as now calculated, Fe are loft with

the oravious conclusicn that the secular rise in aapital croduvetivity
iz to be attributed to the aceumulation of goodwill not acccounted for.

This speclous productivity rise can be put to gocd use Lo corract for
a Tinal bias in cur Index. ‘e have seen that tangible susl ity improve-
ments will lead to an upward bilas, and that the remedy 1= a finer
grading of entities. Put also Intanglble quality changes will l-ad
to a further upward blas, The intangible quality Improvements in

all entitles together zugment expected total income, and so lead to
rises in the capitalized wvalue of these entities., These, however,
show up superficially aa prdce rises, and thus blas The Index upward.
A grading sufficiently fine to remove this biae would alsoc account
for all goodwlll accumulation, and is probably not to be achleved,

We can, howaver, measure this bias indirectly by none othsr than the
above specious ecapital productivity rise: thls measures the relative
rate at which unsccounted-for goedwill is aceurmlating, hence the
rate at which ¥he Index 1s being incorrectly inflated.

A little algebra will clarify these complicated relations. All of the
following letters represent relative rates of change, in % per year,

Supnose measured money inccme 1s growing at rate A
11 i " ﬂﬂpitﬂl i i fl i R

Suppose The Index, corrected for tangible quality change=z but not
goodwill, is growing at rate C

The rate of growth of zocdwill is A - B
The true rate of growth of The Index 1= then C - (A - 1)

The real rate of growth of income is A - (C -« (A = B}) or 24 -B =~ C
Thia is also the real rate of growth of caplital,

{The sbove arguments slurred over the dAlstinction hetween totsl

income and property income; they stand unmedified if thelr ratic
has been sbout constant over the secular neriod).

We conclude with a list of price index blases and thelr directicns.

eéxcluszslon of human capital dovnward 7

confinement to one comntry rather

than the entire world upward for US natlonal indicnrs ¥
using flows rather than stocks probahly downward

quality changes upward

goodwill sceumulaticn upward
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Appendlx 1 Health Inventories

The first nroblem vhich arises in meaduring the quantlitles of the
various tyves of entities is: what is an entity? Is thls to be
counted as one house or as a collection of five rooms? Is a rallroad
network a single entity? or a river? Conversely, must we count a ner-
son s a single entity?--why not as a congerles of limbs and organs,
or functionally as a collection of abilities? This is the problem
of how to chop up the universe into convenlent pieces. Analytically,
the finer thinzs are chopned up the better, because we have all the
information of the cosrser breakdown snd more bhegides. Iovever,

in the world things are bouszht and sold In orzanized lumps, 80 that
the necessity for pricint 1limits our degree of refinement.

Ahat kind of dAlstinctions amons entitles should be made. Again
grading should be asg Tine as is feeszsible. Distinmuish things by
guality variations and locational varlations, The sane entlities
which are semmented by price Aiscrimination should be distinzuished,
each with its own price. MNoblle transvortation equipment should be
evaluated ﬂhiﬁﬂ it iz at the time, in accordance with ites nrice
"sotential”. Nig entities which are sold only as units (e.g. fir-s)
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have to be counted ss single entitles.

We select a mumeraire entity arbitrarily. Change of numersire
merely chances Index and non-deflated valuss in the same vpronecrtions,
so that real velues are invariant. Arbltrage establishes = unigue
sat of exchange rates hetween sll entitles in the world {(except for
the presence of lafs and frictlons; sees AppendlX I1II). If arbitrage
is prevented by, say, political restrlictions, we simply make a fliner
distinction of the same entity on opnosite sldes of the harriler,

Appendix 11 Reglonal iIndices

Time-series indices are at least spproximations te The IndexX,
Cross-sectional indices dc not have even this virtue. 3ut 1if one
ingists on computing them the following considerations may be desmeqd
relevant.

The whole set of prices and ~uentities of things spread cut over
space are in gsome kind of imnerfect adjustment to esch other. jiE
would seem reasonable that in measuring how much higher orices are
in place A than in place B cre should take all prices everjywiiers
into account. The following gives a very simmnle index number based
on this principle.

ILet x44 be ths quantity of goods of type 1 in place 4
1 J H 1 i L it 1t m " L
P'J.J price

The total value of good 1 in exiatence 1s 3, X44P13" Call this ¥,.

The total quantity of good 1 in existence 1s Ej Xqqe Call this Q.

Define the average prive of good 1 as Vy/Q. Call this Pi.



