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SUMMARY

In this paper we give brief detsils of the#life of H.T. Davie (1832-
1974) and discuss the traditional least squares curve fitting spproach
to the estimation of nonlinear economic models as outlined in his

(1941a,b) textbooks.



1. INTRODUCTION

Carl Chriet's (1952) history of the first twenty years of the

Cowles Commission opens with the following passage:

"The Cowles Commission for Research in Economics was founded in
1932. Alfred Cowles, president of Cowles and Compsny, a&n inves tment
coungeling firm in Colorsdo Springs, Colorado, initiated some inguiries
into the e2ccuracy of professional stock market forecasters over the
period 1928-32., This arcused his interest in fundamentsl ecomoRic
research, which led him to offer bkis financial support toward the
establishment of the Cowles Commission and to bear a significant share
of the burden each year. Fortunately, st the outset, he encountered
Haroild T. Davis, a professor of mesthematics at Indisna University whaose
interests included mathematical economics and statistics. Davis was to
become an important figure in the founding of the Cowles Commissior and

on its progressive development through the years...."

And yet the name of Harold Thayer Davis is 1little known to present-
day econometricians despite his many contributions to their subject ip
its early years. Indeed, it is unlikely that the author would have
undertaken this study of Davis's work had he not been intrigued by the
extensive citation of Davis's {1941a2,b) books in the texts published by
his Cowles Commission colleagues,1 Gerhard Tintner {1952) and Oskar

Lange (1959).

2. BIOGRAPHICAL DETAILS

Hereld Thayer Davis was borm in Beatrgté, Nebraska, on 5 October
1892 and died in Bloomington, Indiana, on 14 November 1974. He was
educeted a8t Colorado College2 (A.B. 1915, hon. LL.D. 1949), Harvard

College (A.M. 1919) end the University of Wiasconsin (Ph.D. 1926). FHe



vas employed as an instructor in mathematics at the University of
¥iscomsin from 1920 to 1923, then he was successiyely-assistant
professor, associate professor, and full professor of mathematics at
Indiana University from 1923 to 1937. After a brief one semester stay
es acting professor of econometrics at Colorado College, he was
appoirnted professor of mathematics at Forthwestern University in 1937,
becoming Chairman of the Department in 1940. Following his retirement
from Korthwestern University inm 1955 he served in & similar cepacity at
Trinity University until

While et Indiana University, Davis established the Principia Press,
"his purpose being to stimulate [the] publication of limited edition
treatises. Later at Trinity University, he was likewise sssociated with
enlargement of the Trinity Press” [Colorado Cellege, 1974].

Davis was a prolific writer in many aress and & forthright advocate
of the principles he believed in. On one occasion "he expressed a
vigorous opinion on & subject widely remgved from his primary field of
Inowledge which called ferth a challenge [from & member of his hiking
groug)....'ne sutor ultra crepidem’ ('let the shoemaker stick to his
last')" [Colorado College, 1974]. This jibe gave Davis the title for

his sutobiography, The Adventures of an Ultra~Crepiderian (1962). "The

468 page volume is filled with fascinating fragments of Dr. Davis' life,
vith penetrating insights into areas whichk intrigued him....It reflects
the suthor's warm human quelities, many amsing sidelights in his ever
zestful life, his rich fertility of mind, his intense application to
work and duty, and his ebiding confidence in the ultimate victory of

reason over ignorance and of good over evil™ |Colorado College, 1974].

3. PUBLICATIONS

Devis's publication list includes “"some 60 volumes [of full



length]....along with at leest an equal number of treatises and
dissertations of lesser size. His major writings range in content fronm
g 20 volume 'Bncyclopedia of Mathemstical Functions and their Tables' to
cne 'On the Fine Art of Punning’ and a series of imeginative Christmas
tales [published3 as 'The Spectral Santa Claua'] sent annually over a 20
year pericd to his wide circle ¢of friends” [Colorado College, 1974].

In this paper we will restrict our attention to two of his more

serious works The Analysis of Fconomic Time Series (1941a) and The

Theory of Econometriecs (1941t) which were both published by the

Principia Press. These books were written in parsllel as Devis explaing
in his preface tc the latter (1941b, pp. xii-yiii). "It soon became
clear to the author that some extensive coordination of the material on
time series was necesasary before the second part of the book could be
completed satisfactorily. It was necessary, therefore, to interrupt the

writing of the present volume {The Theory of Econometrics] and to

Prepzre a second work on the subject of economic dynamies. This work,

The Aralysis of Economic Time Series, is now completed....The author has

borrowed heavily from the material in this treatise. Much of the
analysis and many of the charts have been reproduced in the present

work. Since The Analysis of Economic Time Series, however, was written

es & treatise, and the present volume as a text, the material in the
latter has been treated less completely....”

Thus, The Analysis of Economic Time Series (1941a) was a treatise

on time series snalysis covering such topics as harmonic analysis,
serial correlation analysis, the analysis of trends and pericdogram

analysis, whilst The Theory of Econometrics {1941b) is an unusuel blend

of mathematical economics, statistical economies, economic atatistics,
ectuarial mathematics,’® and time series analysis. This blend would not

now be accepted a3 the subject matter of econometrics but Davis (1941b,



p- xi) had a clear view of what he understood by the term: "Since the
nevly-coined term ‘'econometrics' connotes better than either
'mathematical economie¢s' or ‘statisticsl economics’ the measure of
[Davis's] task, this word has been adopted as a descriptive title. As
one may infer, it implies that the phenomena of economics are to be
investigated and such patterns as may be observed are to be described in
methematical terms and by means of mathematical equations. Although
this may remove the book from the reach of some who do not know the
language of mathematics, there seems to be no other way in which so
large an sres cen be exactly surveyed.”

Both books are written at &2 high mathematical level and assume a
sound knowledge of elementary statistics.t But they seem to be devoid
of the concept of a statistical model?® as we shall illustrate in the
following sections which examine Davis's approach to the fitting of

nonlinear equations by the method of least squares.

4. INCOME DISTRIBUTION

4.1 Parete's Law

For our first example we shall consider Davis's {1941a, pp. 394-
418; 1941b, pp. 23-50) discussion of Pareto's (1897, Vol. 2, pp. 299-
345) law of the distribution of income. According to this law, the

number of persoms y with income in excess of x is given by
g =ax (4.1)
or log y = log & - v1og x (4.2)

Giver data on the number of persona in each of a sequence of income

classes, Davis cumulates this data to form series for x and y, takes

logarithms, &nd estimates v and log a in Egustion (4.2) by the method of



least squeares.

Despite the fact that this procedure ignores the peture of the
errors in the date, it provides &n excellent fit to the data for the
higher income classes.” Davis argues that the Pareto Law in the upper
tail of the income distribution should be reflected in the upper tails
of the distributions of meesurements of intelligence and skill. He
criticises Rinet's Intelligerce Quctient for not having such &

6 in its upper tail and provides data on his collesgues®

distribution
proficiency at billiards which temds to support his thesis. He also
cites Lotka's (1926) anslysis of publications in chemistry and physies

to the same effect.

4.2 Generalisations

Davis menticns several generalisations of Equation (4.1) including

those due to Pareto {1897)
y= Aewﬁx (x-—c)bv (4-3)
Champernowne! (1936)

y = Alcosh{Bw-C) - D]"1 (4.4)

apd Gibrat (1931)
1
vy = N(2m) 2 exp(-j;z) (4.5)

where N is the number of jincome recipients, w = log x is income power

and
g = a log(x-k) + 1 (4.6)

But he malsc developed the frequency fumction

$(z) = A.z-(u+1)[eb/z - 1]_1 (4.7)



as & generalisetion of the Pareto function

$(x) = avx ¥ (4.8)

where z = x-c and u = w1,

Davis gives two methods for eatimating the parameters of Equation
(4.7). The first is relatively straightforward but involves the use of
the gamma and zeta functions:

For a suitable approximation to the 'wolf point’ ¢ and for

sufficiently large values of 1, we have
o(z) = (ay/b}s" (4.9)

which takes the same form &s Equation (4.7) and may therefore be
estimated by the method of Section 4.1.
Given this value for g = w1, the total number of income recipients

N, and the total income I, we may solve7a
N= [ o(z)dz = a,b7" (u)e(n) (4.10)
8 bl -V
and 1= fo $(z)z dz = a,b  TI(v)g(v) (4.11)

for the remaining parameters az and b.

Davis's (19412, pp. 414-415) second method is rather more
complicated but it avoids using dudbiocus values for N and I by using the
medal income z, and the modal freguency ¢° instesd. Differentiating

Equation (4.7) with respect to &, we have

b/e

d¢/dz = zu(¢2/a.) [e7"(b/2 = n) + =] (4.12)

20 that

z, = b/(n-p) (4.13)



where n = i and p is the nontrivial solution of
pe P = ne™® (4.14)

-1 -
and ¢, = 8yPb 2 " (4.15)

For the value of u determined by the method of Section 4.1, Davis
obtains approximations N(z) to the frequencies ¢(z) by numerical
differentiation of the integral of Equation (4.8). Rewriting this

eguation in the form

8,/b = K(z)z" (4.16)

he estimates sx/b by the geometric mean of the values on the right.
Thenr he uses the observed values of n = p+1 and ¢° to solve Egjuations
(4.14), (4.15) &nd (4.13) for p, 3, and b and finally he estimates

c =x, -2, by comparing the observed modal income x with the

calculated value of Z,e

4.3 Applications

Davis illustrated 81l three estimation methods by applying them to

data on personal income recipients in the United States in 1918.

5. ENGEL CURVES AND LOGISTIC TREND LINES

For our second exemple we will examine Davis's (1941a, pp. 247-271;
1941b, pp. 161-165 and pp. 215-239) methods for estimating Engel curves

of the fﬁrmg
x = a - be—uI (5.1)

and logistic trend lines of the form1o

y = k{1 + be") (5.2)



5.1 A Simple Method

The Engel curve in Equation (5.1) suggests that as & family's
income I grows its expenditure x on & particular commodity (food,
clothing or housing) will increase at a decreasing rate. Given date on

I and x, Davis approximates Bqustionm (5.1) by'!
x = (a ~1Db) + upl (5.3)

from which he obtains estimates of a - b and ub by the method of least
squares. These estimates are then combined with an estimate of the
value of &, obteined by visual inspection of the graph of x agsirnst I,

to yield estimates of b and p.

%.2 Pearl and Reed's Method

Davis discusses three methods for estimating the logistic trend
line (5.2), to which we msy add a fourth based on the methcd of the

previous section applied to the transformed equation

1/y = (1/%) + (v/x)et (5.4)

Davis's first method is due to Pearl and Reed {1920). 1In the first
stage of this method we have to select three equally spaced points12 t -
to t = to + t1 and t = to + 2t1 and defirne ag = log b + atO, &y = a and

te = t - t5 B0 that Equation (5.2) may be rewritten as

y=x(+e O VT (5.5)

or as a, * ety " 1ogl (k-y) /¥] (5.6)

Substituting te = O, te = t; and ty = 2%, in Equation (5.6) we have
three equations in three unknowms from which we msy obtain two

expregsions for & in terms of k. These two expressions may de

identified to yleld a single expression for k from which we may obtain



suiteble expressions for a, and a,.
In the second stage of this method, the preliminary estimates of k
and a4 are discarded but we defime ¢ = 1/b, & = k/b end h = a; -a 2o

that Equation (5.2) may be rewritten as

a t

y=d/(e ! e_ht

+c) (5.7)

Approximating e Pt by 1 - ht we have

8t
y=4d/[e (1 -nt) +ec] (5.8)
end thus

a1t a1t
d - ¢y + ht.ye = ye (5.9)

which may be estimated for a given value of g, by the method of least

squares.

5.3 Schultz's Method

Davis (1941b, pp. 220-221) also notes that "it has been pointed out
by Henry Schultz [1930] that the ad justment of the parameters of the
logistic s given above does not lead to the true least squares solution
which is cbtained by minimizing the sum of the sguares of the
differences between the data mnd the functional values. He suggests the

following alternative procedure:

'We first determine approximate values of the parameters, which we
may designate by LY bo and ko. The desired corrections mey then be
denoted by fa, & and & . The function [5.2] is then expanded to a
first approximation in the corrections by means of Taylor's
series....The computation of the corrections ies then effected by the

method of least squares'.”
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This passage clearly describes the method now known ss the Gauss-
Bewton method;13 however "the principal objection to this adjustment is
found in the fact thet &k may be so large that differences of second
order cannot be neglected. Hence the correction must be made
successively several times before an approxrimmtion better than the

Pearl-Reed method is attained”.

5.4 Hotelling's Method

Davis's third method for estimating the parameters of a logistic
" trend line is & variant of the method proposed by Hotelling (1927). Let
¢ = -a then we may rewrite Equation (5.2) as

v = /(1 +be”%) (5.10)

and its derivative as

dy/dt = ¢y - (c/k)y2 (5.11)

Replacing dy/d4t by b&y/At where &t = 1, we nave the equation

&y = cy - (e/x)y (5.12)

but Davis prefers to estimeste ¢ and c¢/k by applying the method of least

squares to the expression14

by/y = ¢ - (c/k)y (5.13)

which is linear in y.

This procedure yields estimates of ¢ and k but not b. Davis offers

three different methods for estimating b:
(1) If t, is the value of t for which y ~ ék, then b is given by
log b = cto.

(1i) 1If (5.10) is rewritten as
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Ky, =t ¢ be™t (5.14)
then we have
n n +
kK J V/y,=n-m1 + b ) e © (5.15)
t
t=m t=m
vhich may be solved for D.
(iii) Alternatively, if (5.10) is rewritten as
ct
b= [(k-y3)/7]e (5.16)
then we have
-1 E ct
b= (o) ] [(k-y)/y,]e (5.17)

t=o

5.5 Applicetions

Davis applies one or other of the methods of the last three
sections to deta on the production of pig iron, the production of wheet,
the index of industrial production and the population of the United
States. In fact, he applies a&ll three methods in the last case and
finds that they yield similar predictions: 183-184 millions for the
population of the US in the year 2000, and 195-196 millions in the yesr
2100. Both sets of figures had already been exceeded by 1980.

Davis also suggests that the logistic curve may be fitted to date
on the proportion of the population of & country concentrated in largze

towns and to date on the growth of cities.15

6. THE MODIFIED EXPOFENTIAL, LOGISTIC AND GOMPERTZ CURVES

6.1 "The Gompertz Curve

Davia (1941a, p. 249; 1941b, p. 240) notes that the theory of tkre



logistic function is closely related to that of the Gompertz curve

but he does not explsin how the parameters of this -curve are to be

estimated.

contemporary textbook by Mills (1938, pp. 667-680) :

Taking logarithms in Eguation (6.1), we have

12

rt

Yy * P9

For such an explanation, we turn to Appendix I of the

zy = & + brt

where z, = log Y¢» & = log p and b = log q.

(€.1)

(€.2)

Now, suppose that we have

%n observations on Zy indexed by t = 0,%,....,3n~-1, then we may divide

them into three equsl groups and obtain the expressions

and

where

Further

and

S, = na + b(r® - 1)/(r - 1)
S, = na + bt (e - 1)/ {(r - 1)

= na + brél(yR - 1)/(r - 1)

5

S = 3

J=0,1,2
R A

znj+t

D, =S, - § =b{r® - )%(r - 1)

D, = S5 - S, = br2(e® - 1)/ (r - 1)

80 that we have

and

r= (DE/D1)1/n

b= Dy(r- 1)/(P - 1)

a=[s5 -0/ -1))n

(6.4)

(€.5)

(6.6)

(6.7)

(6.8)

(6.9)

(6.10)

(6.11)



These are the expressions used by Mills to estimate the parameters

p = exp(a), q = exp(b) and r of the Gompertz curve (6.1).

6.2 Modified Exponential Curve

Mills also discusses the estipation of Equation (6.4) when z, = y,

or zy = 1/y,. If this equation is rewritten as
zt = 5 + be-Ct (6.12)

where ¢ = - log r then it can readily be identified with our Equations
(5.1) and (5.4) in these two cases. In the first case, Mills calls
Bquetion (6.4) "the modified exponential curve” and in the second case
he calls it "the logistic curve, sometimes termed the Pearl-Reed growth
curve”.

Mills recommends the method of Section 6.1 for estimating the
parameters of Fquation (6.4) when zy = 1/3't but he suggests a different

method when g, = ¥4. Substituting Equations (6.7), (6.8) and (6.9) into

Ejuation (6.11) we have

where Mj = Sj/n. Having thus determined a value for a, Mills subtracts

it from y, end obtains values for log b and log r by fitting the

equation

log(yt -a) =logb+ 1t logr (6.14)
by the method of least squares.

6.3 Special Case

Peters and van Voorhis (1940, pp. 435-437) examined the specisl

case of the Gompertz curve when p= 1, 0 < g < 1tand 0<r (1. In this



case Equation (6.3) takes the form

log yy = - dr® (6.15)

vhere d = - log q. Negating16

17

this expression and taking logarithms we

have

logl-log (y,)] = legd + t log T (6.16)
wvhich may be estimated by the method of least squares.

6.4 Applications

Mills (1938) illustrated his methods for fitting the modified
exponential curve and the Gompertz curve using dats on the production of
rayon filament yarn in the United States between 1920 and 1937. He
illustrated his method for fitting the logistic curve using dats on the
length of reilways in operation in the United States between 1850 and
1935.

Peters and van Voorhis (1940) used Burt's data on the proportion of
boys passing test 20 (Pingers) of the Binet test to illustrate their

method for fitting their special cese of the Gompertz curve.

6.5 Demand Curve

FPinally, we must record that Devie (1941b, pp. 100-101), followiug.
Moore (1914), suggested that clessicael demand curves of the form
2p b'ﬁl--c (6.17)
p
should be estimated by applying the method of least squares to Equation
(6.17) where p represents price and u production.
Expressions of this form may be derived by the methods of Section

5.4 from expressions of the form
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P = auPe ™t (6.18)

but Davis does not do 80. On the other hand he does (1941a, p. 438;

1941b, p. 154) obtain the expression
dpr 4L dac 6.1
F "Pp t97 (6:19)

from the Cobb-Douglas production functiom

p = aPcl (6.20)

Christ (1985) has made & detailed study of the contributioms of

Moore and Schultz in this aresa.

7. CONCLUSION

In the last three sections we have exaemined Davis's treatment of
the traditional curve fitting approach to econometric estimation. This
approach was standard before 1941, see Croxten snd Cowden (1939), Mills
(1938) or Peters and van Voorhis (1940), but it was swept away by the
Probabilistic Revolution'© initiated by Haavelmo {1944) and completed by
Hood and Koopmans (1953).

The traditional epproach was characterised by a lack of concern for
the statistical properties of the economic variables being studied, ané
thus by the use of arbitrary estimation procedures, whereas the new
approach atressed the probabilistic foundaticns of the model and
recommended the use of maximum likelihcod estimation procedures.

Although Davis remained a member of the Cowles Commission and an

associate editor of Econometrica,19 he seems to have had little

influence on the direction tesken by masinstream econometrics after
1941. Indeed none of the papers published in the volumes?® edited by
Koopmans (1950) or Hood and Koopmans (1953) refer to him by name. On

the other hand, his influence is clearly visible in the papers published
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by Hayakawa (1951) end Champernowne (1952) and in the bocks published by
Tintner? (1952) and Lange (1959). Nor did his influence come to an end
in the 1950s as the text by Lenge survived into & fourth edition {1978)
and, as late as 1980, Badger22 (1980) fitted a generalised Pareto curve
to data on income recipients in the United States in 1935-6 by
traditional curve fitting methods.

Thus, Devis had the misforiune to publish his books on The Thecry

of Econgometrics and The Analysis of Econcmic Time Series Jjust three

years before Haavelmo formally introduced23 The Probability Approach to

Econometrice which replaced Davis's treditionel approach by one based or

the use of statistical models.

Nevertheless, Davis's books deserve to be studied by historians of
econometrics as they give & clear indication of the nature of the
subject hefore the Probabilistic Revolution of 1944, Further, it skould
be noted that these books also contain & considersble body of materiszl
which is of interest to the historians of mathematical economics arpd

time series anslysis but which we have not had space to discuss in this

paper.
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APPENDIX

Kelvin's Dictum

In his history of the Cowles Commission, Christ (1952, p. 61) notes

that its mott024 from 1932 to 19%2, "Science is Measurement....was

originally suggested by one of Davia' favourite quotations from the
British physicist Lord Kelvin to the effect that when you cen measure
what you are speaking &bout, you know something about it, but when you
cannot measure it, your knowledge is of & meager and unsatisfactory
kind". See Davis (1941b, p. 3}.

Christ (1952, p. 20) elso notes that from 1939 the Cowles
Commission was lodged in & suite of four offices on the fourth floor of
the Social Science Research Building at the University of Chicago. But
he fails to mention that a longer version of Kelvin's dictum is carved
on the facamde of this building. The origins of this longer version are

traced by Merton, Sills and Stigler (1984).
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Tintner, Devis and Lange were the authors of Cowles Commiassion
monographs 5, 6 and 8 respectively.

Devis's wife, Agnes Holm, and his sister, Marjorie Davis, were
glso graduates of Colorade College.

The Book Editor of the Colorsdo Springs Gazette notes (8 December
1967) tkat "The stories are the kind with which academic friends

may greet each other in their lighter communications”.

Seven tables &are printed at the end of Davis's The Theory cf
Econometrics (1941b, pp. 465-471). Six of these tables are

actuarial in nature, the seventh tabulates values of 1/(2p+1) and
3/[p(p+1)(2p+1}] to aid the fitting of a linear trend.

For example (1941a, p. 399; 1941b, p. 26) mssumes that the reader
is familiar with the moments of a distribution and Pearson's
measures of skewness and kurteosis. DBoth texts contain several
references to the textbook by Davis and Nelson (1937) which Davis
wrote with enother colleague from the Cowles Commission.

This judgement may seem &8 little hersh in view of Davis's use of
the terms 'frequency function' and 'cumulated frequency function'
to describe ¢(x) and y(x) in his discussion of income
distributions. But his use of these terms has no impact om his
estimation procedures which implicitly assume that Eguations (4.1)
and (4.7) are deterministic.

A procedyre which takes account of “the different numbers in the
variocus income classes would, of course, provide a close fit to
the more numerous lower ipcome classes.

Recent work suggests that the Intelligence Quotient mey have
heavier than normal tails for male subjects.

The misplaced B in Davis's statement of Champernowne's formula is
reproduced from the abstract published in Econometrica in 1937.
Further, the left side of this equation should be replaced

by ¢{(w) as this expression represents s frequency function rather
than an accumulated frequency function. See Champernowne (1936,

Appendix 1; 1952).

The left side of Equation (4.10) should presumably be replaced by
I-cK.

Davis does not justify this cheoice of a functional form other than
to note {1941b, p. 161) that "it is probable that a function of
the form [5.1] would furnish in genergl & better approximation to
Engel curves....than does the straight line....".

Davis also discusses the general logistic function defined by

y = k(1 + vet(t))
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12.

13.

14.

15.

16.

17.

18.

19.

20,

21.

22.

20

where ¢{(t) is = polynomial function of t. He suggests that .¢(t)
should be a cubic function if y represents the numbers in a
population under the direction of & central mecksnism.

Davis would have been able to estimate a, b and y directly if he
had spproxirated (5.1) by

x = (a-b) + Wbl - %-u2b12

rather than by (5.%3).
Davis implicitly assumes that to = O.

Schultz's Taylor series expansion of Equation (5.2) would seex to
be incorrect.

Devis notes that y'1dy/dt may be approximated mere closely by the
formla

(1) - -‘2- 227 () +%A3F(t) F ot

where F(t) = log y(t). "For most statistical data the first two
terms of the series are sufficient.™ Fyuation (5.13) retains the
first term only.

Singer (1936) has proposed the Pareto distribution as & model for
the gize distribution of urben settlements.

Peters and van Voorhis are somevhat mysterious concerming this
negation step.

If we define a= ~ log d and B = - log r then {6.16) may be
revritten as

y = exp[- exp(-a - Bt)]
which is the standard form for & Gumbel distribuiion.

See Morgan (1987).

Davis's own contributions to Econometrica comprise sixteen papers
published by abstract and one by title on such topics as the
distribution of income and time series analysis. He also
published en obituary notice for Charles Roos, the first Director
of the Cowles Commiassion.

These volumes were issued as Cowles Commission Monograph 10 arnd
Cowles Foundation Monograph 14 respectively. .

Tintner's book represents an intermediste phase of the
Probabilistic Revolutior a=s it discusges both the old curve
fitting methods end the new maximum likelihood methods.

In & second contribution to the volume edited by West (19£0),
Budgor and West (1980) illustrated the value of mathematical
modelling for problems in the social sciences by fitting a Guebel
curve (see Note 17) to data on the minimum height of the ¥ile
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flood.
Haavelmo's (1944) peper had been circulated in manuscript in 1941.

In 1952 it was changed to Theory and Measurement at the suggestion
of Clifford Hildreth.
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SUPPLEMENT

THE IDERTIFICATION PROELEM

Davis resumes his enslysis of Moore's study by noting thet he had
obtained a positive value for the slope parameter, b, fromw date or corrn
prices end output but a negative value from dsta on pig iron. “Since
the methods employed in the two cases were the same Moore was led to tre

conclusion that he hed obtained the demsnd curve for pig

iron....[However] if one assumes that agricultural commodities are
associeted with their price in essentimlly the seme way as manufacturesd
goods are associated with their price, then it is much more semsible to
interpret the two contradictory results in the light of the hypothesis
advanced by Working [1927]. In the case of corn the demand curve was
fixed and the supply curve varied, while in the case of pig iron, the
supply curve remsined stable and the demand curve veried. Hence, we
obtained in the first instance an approximation to the classicel curve
of demand, and in the second an approximation to the curve of supply”
[bavis (1941b, p. 102)].

Davis continues his discussion of the identificetion protlem by
considering the cobweb model in which price is & function of lagged

quantity and guantity is a function of current price

Py = fla, ,)
a, = &lp,)

Successive iterations of this model yield points (p1.q1), (pz,qz).----
on the supply curve and points (p?,qo), (p2,q1),.... on the demand
curve.

Davis (1941a, p. 141; 1941b, p. 105) gquotes & passage fror Schultz

(1938, pp. 78-79):



"Thus far we have assumed that the two unknown curves (of demand
and supply) remain fixed and have shown that when an interval elapses
between changes in price and corresponding changes in supply, it is
possible to deduce both curves statistically....The importance of such a
demand-suppiy relationship lies in that it admits of & straightforward
statistical 'verification'. If by correlating prices and output
{consumption) for synchronous years (or other intervals) we obtain &
high negative correlation; and if by correlating the same date but with
out-put lagged by, say, one year we geit & high positive correlation; and

if these correlstions have meaning in terms of the industry or commodity

under consideration, the stastistical demand and supply curves thus

obtained are probably very close approximations to the theoretical
curves.,’

But Davis (1941b, p. 105) does not seem to believe this result:
"The situstion thus commented upon is not unlike that of the stranger in
hAesop's fable who aroused the suspicions of his host because he blew hot

to warm his hends and then blew cold to cool his porridge”.
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