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NeEw ENGLAND REsearcH CoOuUNCIL
on Marketing and Food Supply

A vl Linsting e con Telephone Hubbard 1456
posed of New England Research Agencies Room 425

end the United States Department of 261 Franklin Street
Agriculture. Boston, Mass.

October 5, 1931,

: Professor Ragnar Frisch
) University of 0Oslo
Oslo, Norway.

Dear Professor Frisch:

During the past ten years or so I have done some work in
the field of statistical price analysis. I now want to devote
some time to mathematical price theory in order both to direct
my own study along logically sound lines and to try to coordinate
some of the statistical price research in such a way as to throw
light on theory. I intend to apply this fall for a fellowship for
European study from July 1932 to June 1933,

After corresponding with Doctor Fisher of Yale, Doctor Ezekiel
of the Federal Farm Board and others, I have decided that I want, if
possible, to study under your direction, perhaps also spending some
time with such men as Professor Divisea of Paris, Professor Amoroso
\ of Rome and Professor Bowley of London,

) I would plan to take along with me several studies on which

I have recently been working. I would continue work on these while
; in Europe getting advice and sugzestions from you and others concern—
ing theoretical and methodological questions, I would like also to
attend lectures and do a good deal of reading.

Before making definite plans on such a program of study, I
would like, if possible, to get your sugsestions concerning the work
I might do at Oslo as well as in other European centers, I would
appreciate any advice you may give me,

I know nothing of the Norwegian language. I have a fair
knowledge of French and can manage to read German if I take time
enough to figure out the technical words. Also, I once had a slight



Norwegian in time,

I have studied at the Massachusetts Agricultural College (B.Sc.1922),
Rutgers University (M. Sc.,1924), Columbig University (Pu.p., 1929) and
Harvard University, 1 have taken worl under Mitchell, Mills and the
late Allyn Young, Since 1922 I have been employed as economist and
statistician by the New Jersey Department of Agriculture, the Connecticut
Agricultural College, the Massachusettsg Department of Agriculture and
the United States Burean of Agricultural Economics, In my work I have
been closely in touch with such men ag Ezekiel, Bean ang Working of the
United States Bureau of Agricultural Economics, Warren and Pearson of
Cornell, ang Black of Harvard,

Vory truly yours,.
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UNITED STATES DEPARTMENT OF AGRICULTURE
BUREAU OF AGRICULTURAL ECONOMICS
Room 424, 261 Franklin Street
Boston, Massachusetts,
November 25, 1931,
) Professor Ragnar Frisch

University of Oslo
Oslo, Norway.

Dear Professor Frisch:

Thank you very much for your letter of October 26, It seems
to me that the work you outline in your letter is exactly what I
want and I hope it may be possible for me to spend several months
with you.

I applied yesterday for a fellowship and have suggested in
my outline that I would probably spend about six months with you
at 0slo dividing the other six months with Professors Divisia,
Amoroso, Bowley and some of the German economists and possibly
a short time with Russian economists.

I am particularly interested in your courses in statistics
and in the general theory of price and also would like, if possible,
) to take some of your course in calculus.

Your plan of small conference groups seems particularly interest—
ing to me as I want to do some statistical work and to discuss the
theoretical considerations at the same time. This would give me a
fine opportunity to discuss.such questions with you and with some of
your students.

I have written to Mr. Lunden of the University of Minnesota
but have not yet heard from him,

Thank you very much for your kind letter and for your interest
in my plans,

Sincerely yours,

Cii?{;lx,AULHxxélfkYQ'\(1)614‘2L€&/

Frederick Vv, Waugh

Principal Agricultural Econowist,
FYW/BA
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NEW ENGLAND RESEARCH COUNCIL
on Marketing and Food Supply

A voluntary co-ordinating council composed Telephone Hubbard 1456
of New England Research Agencies and the Room 425

261 Franklin Street
United States Department of Agriculture, Postors, Mass,

June 8, 1932,

Professor Ragnar Frisch

c/o Professor Irving Fisher
460 Prospect Street

New Haven, Connecticut.

Dear Professor Frischi

Thank you for your letter telling of your trip to the
United States. I shall plan to attend the meeting of the Econometric
Society at Syracuse and if possible would like to spend an hour with
you some time during the sessions.

I am now planning to go directly to Oslo by the S, S. United States
of the Scandanavian line, leaving New York July 23%. This will get me %o
Oslo considerably in advance of the fall term at the University. I hope
it will be possible for me to use the library during August,

Sincerely yours,

4 WU W @-””YL '
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CONTINENTAL HOTEL

FRANKFURT A. M., den /A3 0.4«/«/ . ..1933

WILIEN-HOTEL ERSTEN RANGES

GENUBER DEM HAUPTBAHNHOF
R. GERSTENBRAND

' Telegramm-Adresse :
Contihotel Frankfurtmain

Telefon:
mmel-Nr, 30221 - Fernverkehr-Nr. 34570

Bank-Konfo: ~
sconto-Gesellschaft Frankfurt am Main QM t; W %M-V/ =

stscheck -Konto: 40029, Frankfurt a. M.

%ww%wm

e Adsmiise ik D// (deo( o1
%b M%o&;ﬁfw /MWWZ/ gt

W 2 SRR R

o /34,,.,([}44/ A AR T e Elinia s
%MM v, SR NI R PR Yarealene /e// mu/(a/&w;
/W m ; ,1/7/,1/W a;/aw i oaér W@&z:ww
/L“'C Xx Az 444»0« . A5 2, 4?@0&0«4%/, 1927
— L il B pfpiencn v Moo Lradiile,

{/WQC‘.“'WM.Q/‘?‘/ m AL x)/wwf"./&i—;/ZZ«o(m {?—MA "/‘/"M"
mz/w Z pevice /ZS’*’ T 4,,_&.40,/ o

M 5a /730 i M M A /a/ 2
s

Ny = a3 &u—f/(,wwu /xv élg_(_»(,v ,&C\.MRJJ e /uw DR e it //tuz. ,,,,, «A Lt.,..,q__)
‘jz,{%/(,d‘?ﬂ-/z&d ,4rf/<ﬁ., s 7 7w%v, /L-’/v 7%(4”:/1/;4/“,5",,1_,?; é‘h_
14 7.

,é'z, JL(_;,‘,( e ,fw‘,//&./ e ,,,‘/(_M /tw«,v&q/

5 LA AIL.WL £ 7'\//'
pe -

) MM‘,&AU /AMAVW C('/z.«//,(_ L ,2{(,1¥ WM,

[-?/W-Lv /fLV?'ZZ J «4£4qu1, Ltlxi ( ).(/W»\/ ‘/((,(/1/"’74 /,/{ 2E- ,4/0(47(
(/

Q/oéo Q’/\LM WW zPt Gt

/W"VW“? W A & v‘}véfﬁ,& rlns et /’ir/f/é- .

L ; _/, = /
sl e Obgmles ¢ ,/VL{A_,M-’/tu/ e 40&7¢ Jlrce
'l

/.




v Rl ua/ W M{/b
W‘f“‘gt «é/q/ //zf’/w@/f/% @b /&L@&WJ
(oot~ i e Footds Gllening At e 62

. b o e e 7/O,,,q,eﬂ,,‘z‘fm/)}

e g5 ’II % 5%4 el J/Rf M

éwvo&/d/éz—o MZ:‘?




B e U. B. Uslo
I“redericR V. Waugh ‘37 éo' W 17 4% v, e

@w&% -%s’/ fw 6/ A

WV% /&z««vumoc«ml/%

WWVWMfAAMMM,L%

P F e A ot g 2

/ /07.{/14/ M&/vyiﬂ”? ot > (Cabs.
//me/wé/v Z«Hélm }

R A// Tote. S /’”2&7 /u«w—mo

V4

‘ phalL 7{./‘( A /M—/ Aok Ly pyy /r/m Mwwwa
/é’ fas Hetu Ay kij, /wvw TR pueehy s
. , LW e ? A%L/ A A’“’&( , feet A et

M o C/f/w Ce £ /&W‘@Z@"’Lv },Ka.,(,( zece A-»‘.%
Can s Koi oo Jas, :
2 S N = BT

e /ﬂ%, 7LZ&J fé( 67(/3‘%4‘1 e ile -w;a'&:/f'



JW“/ s sk g s CJ*V-L&W} Foven s
,,‘,M,/;,,,.A:M‘ , f PP o W*—“""”‘] ,(/,t’ G
e . A el ZZ;:7 Y THRRY PPN ey Wé‘r-?\
. /éc ,Wg 2o A Coetel L /_/oc.o/

6 W /A— ' M FU P t/éw
At A 2 Co==t / / 0/17
Wﬁt _,x/ 4 Aa-—d/a/«,p 4 [(/‘ﬂvép/ L oé{ Z 49-—%

/ a C:ir/“/ (,»!/ /éég bwa; ‘,I/W ,4: K&_ﬂ _J//" < ﬁ\’ )

A c: - PODUIE PR SR . - T SRR
O o M@u{a&? “‘ o /W(

& MW, . o Hw«-acwwfwégw

/&j Acart /L//f/'f“"“('v Wéz;;;”v‘; kvjj ﬂ‘v“c)
o s g ek oy
W"“‘:‘/"jf // s Sreler /4 Ry /,é, _ /ﬂt

‘)



Frederick V., Waugh

U. B. Osle | W ’M .

Brevs. nr.

7/ A
“u-S. A .




s paneC A
- B (:u,/c&/m 2ol
A~ A | |
; : 2. ,{'[ (/ P T 4

A Poiice ] Cipeice
,/éwul/ /;::M.;y .—{A T 7774::«/’2:“
/{!{fo-v’fé/’(./z_cz,\v s %‘;CWVQ@( (//m,/'%zw Vi
/w 5(4—”{ O o b (Gruwccil, ol /%-J
&ée_ e %JA/-A,. (/CM 240 /Vwé“‘/&/;»






o pet Aa 1L /fé ,‘t— /// = ,;.,I,,Q_'{,(/;/K = /
t //&d‘é‘f-bd.ﬂv7 “Aﬂ—ov y M/:’c..&~7 "*/_ CC tens i C/
.,Q/Té’ ’le ,C//L:LC/{— aze C&vvfz_.;tww/_ (:ouwv P 4

e /&Z:‘—‘; | 1/ . c:~«4{~{('

05 Yoiane o) Rpiowklial 2mmmit i

M o &K aAZ(L /7{: - c»,%‘MJ) 4/.‘___

//@H”-uw //V yrecel 4-/-4 R0 /&«Fv"«w

Fo Mo s Tanlly [rilosd pritle i Tkt

paa il - fob A Ay Dol reek @ obiriaiin,

z/ 2 LA Ao b Peisy et ot e
/ .

Pl

5L/Z—/w{¢% e B £ g M c)/"——-——-



) 'T
(u—ca/aﬁ,\, AP s
e ‘
cok ) Zﬂ%

- : AAM 04 W
L HaR A i

A LA 7 - B2 \

o A
s
. g

/
/7/0214 3 ‘/
%ﬂ/'/
Wo\,
e
/-‘/r;vf

Az P
A RAPEP.
’j; o e
/ //r—t/c/v——e
/a- | |
.:5&7 4

A 42,0 f )
/L"/f/u" %"(/
4 ?m






U. B. Osio
Brevs. nr.

6/ A

UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

September 25, 1953

Professor Ragnar Frisch,

Universitets @konomiske Institutt,

Blindern, Oslo, Norway.

Dear Professor Frischi

This will introduce to you Dr. F. R, Tomlinson,
a South African, who has recently taken his Doctor's
degree in Agricultural Economics at Cornell University.
Mr. Tomlinson would be very much interested in looking
over some of your work in the fields of demand analysis
and cycle analysis.

With best regards, I am

incerely yours,

/
FREDERICK V, WAUGH,
Senior Agricultural Economist,

Division of
Statistical and Historical Research.

/
4
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

Sep tember 25, 1933

Professor Ragnar Frisch,
Universi tets Pkonomiske Institutt,
Blindern, Oslo, Norway.

Dear Professor Frisch:

Dr. F. R, Tomlinson, a young South African
Agricultural Economist, who has just taken his Doctor's
degree at Cornell Universi ty is going to be in Europe
this fall and will probably go to Oslo to see you some
time during the last two weeks of October.

Dr., Tomlinson is not a mathematician although he
has done some statistical work particularly in the
analysis of trends in production and world marketings
of butter and cheese. He would be, I think, particular-
ly interested in seeing some of the results of the work
you are doing in the statistical analysis of demand and
also the work in cycle analysis.

With best regards, I am

S:u};erely yours,

. W/l,('clfu ) y//‘( f 74A L/‘/
_ FREDERICK V. WAUGH,
Senior Agricultural Economist,
Division of
Statistical and Historical Research.
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

October 28, 1933

Professor Ragnar Frisch,
Universitets Pkonomiske Institutd,
Blindern, Oslo, Norway.

Dear Dr. Frisch:

Thank you for your letter. It was very good to hear from
you again and to inow something about the progress you and Dr.
Belz are making.

I should be proud to have the results of my work on mar-
ginal utility published together withyour work and that of Dre.
Belz as you suggested, but hope I can get them in more final
form before publication. The mathematical experimenting we did
last spring resulted mainly in indicating that there was no value
in adding certain factors in a mathematical multiple correlation
problem and showed that the study ghould be limited to the rela-
tionship between the three factors- consumption, price and income
of each commodity. I think, however, that the relsationghip be-
tween these three variables can best be determined by graphic
analysis which would not take a great deal of time and I hope I
can get around soon to do something along this line and put the
resul ts in better shape.

I find that here in the Department some work is being
done to get a monthly index of city incomes and also a monthly
index of farm income. This material would be very useful in
connection with studies like those we have made since it would
be possible to use a much greater number of observations. We
have data on the "digappearance” of some commodities each month
including meats, eggs, cheese, butter and a few other commodities.
We algo have monthly prices and it seems to me that we night get
much more conclusive results on some of these commodities using
the monthly data and studying a period guch as 1921 to 1933 when
inc omes and also prices varied a great deal. It also seems to me
that it might be possible from such & study to draw some rather
definite conclusions about changes in the utility of money during
such a period., This would be particularly i{lluminating I think
in showing what happened %o money utility before and after the
United States went of f the geld standard.

Please give my best regards to Mrs. Frigch and to the men

in the Institute.
Sjyncerely z%r)a', W
Tadas ]

ol o : cl{& WAUGH,
Agr cu ral Eco
- Division of NSNS EN,

’-Statisﬁioal_ and Historical Researc..
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

April 26, 1934

Professor Ragnar Frisch,
Universitets @konomiske Institutt,
Blindern, Oslo, Norway.

Dear Professor Frisch:

Enclosed is & copy of a paper on marginal utility of money
in the United States based on some new studies which I have just
canpleted. This manuscript is not quite ready for publication.

I am having some charts made to illustrate it and also I may want
to change certain parts of it.

I am sending this to you now hoping that you will have time
t0 go over it soon and give me your criticisms. I am also sending
a copy to Professor Fisher and hope that he may have some suggestions.

I received the current copy of "Econometrica'" yesterday and
was interested to read the summary of the discussion by lir. Belsz.
There is & possibility that within a month or so I may be able to
get some detailed estimates of annual consumption of all the princi-
pal articles of food in the United States since about 1919. This
Department is now studying the data on disappearance of food in the
attempt to make more accurate estimates of consumption to use in
planning ad justments in agricultural praiuc tion. Possibly this
material could be used in meking further studies on the basis of
single commaodities. However, our experience with meats, coffee,
butter and sugar indicate; I think, that great care must be used
in selecting a commodity for this purpose in order to get one whose
utility is entirely independent of other utilities and also one which
is used by all groups of population. For this reason the data used
in the attached study based on estimtes of expendi tures for all
foods ard prices of all foods seems to me to be in many respects
ideal and should give results which are much more accurate than could
be expected on the basis of data covering any single commodity.

I shall be very much interested in your criticisms of this
paper amd will be glad to get any suggestions you may have on it.

Please give our best regards to lrs. Prisch and to the men
at the Institute. /

Sincerely ymrs,ﬂ W le(,\
/

FBEDERICK V. WAUGH,

) Senior Agricultural Economi st,
Enologure Division of

Statistical and Historical Research,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

May 15, 1934

Professor Ragnar Frisch,
Universitets @Pkonomiske Insti tutt,
Blindern, Oslo, Norway.

Dear Professor Frisch:

Mr, Nelson has asked me to write for the October issue
of the "Econometrica" a survey of recent developments in price
statistics. I have just written him that I will try to get
an article to him on this sub ject next month. However, I am not
very well acquainted with some of the European literature in
this field and would appreciate it very much if you would sug-
gest a few of the most important contributions in this field
during the last three or four years.

I plan to limit the article to a discussion of available
raw data includ ing prices of individual commodities and price
indexes and shall not attempt to cover analytical work for the
purpose of explaining price movements..

Some of the subjects I shall probably want to cover are
as follows:

(1) Historical price series such as the long histories
of wheat prices in sngland ani France which have recently been
published.

(2) Price indexes including the construction of indexes
to measure differences in price movements of different groups
of commodities anl also the problems of campar ing prices at
different periods of time and in different places.

(3) Important developments in reporting current pri ces.

(4) Price spreads or margins. I have in mind, for ex-
ample, studies of the spread between prices received by farmers
for food products compared with prices paid by city consumers.
I am doing something here along that line and believe there is
some similar work being done in Sweden, Germany and perhaps
some other European countries.

(5) Special price reports developed to guide recovery
programs or to study the effects of governmental policies.
There are some very interesting recent developments in this



F.==5/15/34~-2.

field here in the United States and you may know of similar
developments in other countries.

I would appreciate it if you could give me a list of
some of the recent developments along these lines and also
any suggestions you may have as to other topics which should
be covered. Also if you have in mind other people in Europe
who should be consulted, I would be glad to have you send
them copies of this le 1etter asking them to write to me. STTEr——
] /ot writing to “one else OMT TN !

,‘[ I should be very much interested to hear wha ou f
| think of my material‘on "™Marginal utility of money" \be-
lieve the charts illu ting this study are now ready.

B N s SR v
EE— T ——
e e R

-, At

s Sincerely yours,

tduisde U. Wa-

FREDERICK V. WAUGH,
Senior Agricultural Economist,
Division of
Statistical and Historiecal Research.



A

J.B. Oslo
Brgve. nr.

iA |

gury.

United states Lepartment of agriculture
Bureau of Agricultural Eeonomics
#ASHINGTON, D.C.
May 15, 1934.

Frofessor lagnar rriseh,
Universitets Ckonomiske Institutt,
Blindern, uslo, Norway.

vear Professor YFrisch,

Kr. Nelson has asked me to write for .he uvetober jssue
of the "EKconometriea" survey of recent developments in price
statisties, I have Just writtem him that I will try toc get an
article to him on this subjeet next month. However, I am not
very well acquainted with some of Lhe European literature in this
fleld and would appreciate it very mueh if you would suggest a few
of the most important contributions in this field during the last
three or four years,

I plan to limit .he article to a discussion of available
raw data ineluding prices of individual commodities snd price
indexes and shall not attempt Lo cover analytieal work for the
purpose of explaining price movements,

Some of the subJjeets I shall probably want to cover are as
follows:

(1) Historieal price series such as the long histories of
wheat priees in England and Franece which have reeently uveen
published.

(2) Price indexes ineluding the construetion of indexes
to measure differcnee in price movements of different groups of
commodities and also the problems of comparing prices at different
periods of time and in different places.

(3) Important developments in reporting current prices.

(4) Price spreads or margins, I have in mind, for example,
studies of Lhe spread between prices received by farmers for Iood
products compured with prices pald by eity consumers. [ am doing
something here along that line and believe there is some similar
work being done In Sweden, Germany and perhaps some other Kuropean
eountries,

(5) Speeial price reports developed tc gulde recovery
programs or to study the effeets of governmental policies, There
are some very interesting recent developments in this field here
in the United Jtates and you may know of similar developments in
Olher sountries.
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I would appreciate it if you could give me a list of sonme
of the recent developments along these lines and also any sugges-
tions you may have as Lo other topies whieh should be covered.
Also if you have in mind other people in Lurope who should be
eonsulted, I would be glad to have you send ihem coples of this
letter asking .Lhem to write to me.

Sincerely yours,
(Signed) Frederick V. #waugh,

Senior agricultural moonomiat,
Division of
Statistical and Historical Hesearch.
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.

June 23, 1934

Professor Ragnar Frisch,
Universitets fkonomiske Institutt,
Blindern, Oslo, Norway.

Dear Professor Frisch:

Thank you for writing to Dr. Marschak and Professor
Clark about the survey of price statisties. I have informed
Mr. Nelson that I will not be able to write this survey for
the October number of Econometrica. I find that it ie not
possible for me to get the necessary material together in
time to prepare an article this month as Mr. Nelson requested.
I shall, however, be very much interested in whatever material
Dr. Marschak and Professor Clark may send and will be glad to
send a copy along to anyone Mr. Nelson may find to write the
article.

I am enclosing with this letter copies of the charts
vhich go with my study of money utility in the United States.
I believe I had not sent you copies and the charts will help,
I think, in judging the validity of my conclusions.

I shall be very much interested in your booklet on con~
fluence analysis and am particularly interested to lmow that
you are able to get similar results by using meat and butter
for the purpose of measuring money utility. Do you also get
epproximately the same results when other commodities such as
sugar and coffee are used?

In 2ddition to refinements of mathematical and statis-
tical technique for the purpose of analysing data, I am particu-
larly interested in the simpler common sense conditions which
seem to me to be very important in Judging the utility of money
in a country as a whole. It is these conditions that I have
discussed mainly in my study end I shall be very much inter-
ested in your reactions. I believe that the measurement based
on the index of food prices is likely to be the most accurate
which could be mede! First, because food is used by every per-
son in the country, and second, because the per capita quantity
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Please give my best regards to Mrs. Prisch.

Sincerely yours,

me@%

FREDERICK vV, WAUGH,
Senior Agricultural Economi st,
Division of
Statistical and Historical Research.

Charts sent under Separate cover.



UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

August 8, 1934

Professor Ragnar Frisch,
Cowles Commission,

The Mining Exchange Bldg.,
Colorado Springs, Colo.

Dear Professor Frisch:

Thank you very much for your suggestions for revising
my manuscript on money utility in the United States. I am
meking changes along the lines you suggest and would be very
glad to submit it for publication in Econometrica.

Mrs. Waugh and I both hope you will be sure to stop
over in Washington while you are in this country and will be
expecting to see you about August 2%, I wish it might be
possible for you to spend several days here as there are a nume-
ber of things I would like very much to discuss with you.

ncerely yours,

ka.\dwq\“

FREDERICK V. WAUGH,
enior Agricultural Economist,
Division of
Statistical and Historical Research.
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

September 4, 1934

Professor Ragnar Frisch,
Universitets flkonomiske Inetitutt,
Blindern, Oslo, Norway.

Dear Professor Frisch:

Under separate cover I am sending you a reviged article
on money utility in the United States. I have made changes
along the lines you suggested. Before this is sent to the
printer, will you please finish for me the footnote on page 11,
indicating where you will publish your revised analysis of sugar,
coffee, meat and butter.

I am afraid I shell not be able to have ready for you by
Octeber 1 an article on the results of the Agricultural Adjustment
program and the processing taxes on agricul tural commodities in
the United States. I hope I can do this a little later on and be-
lieve there are several very interesting theoretical questions of
interest to members of the Econometric: Society and an analysis of
price and quantity statistics would serve to verify some of the
theoretical considerations. However, I am going to be particular-
ly busy this month and do not know of any one else who could pre-
pare the article by October 1. It will take some time to get to-
gether the statistical data I would like for such an article and
to put the analysis in shape for this purpose.

I think I can be reasonably sure of having an article on
the results of the Agricultural Adjustment program by the first
of next year which would be in time for the April issue of
Econometrica. Would this be satisfactory to you?

We were glad to see you agein and have a chance to talk
things over with you. Hope when you come again it will be possi-
ble for you to stay longer and to spend some time here in the
Bureau of Agricultural Economics.

Please give our best regards to Yrs. Frisch.

incerely yours, W
/ FREDERICK V, WAUGH,

Senior Agricultural Economiet,
Division of
Statistical and Historicsal Research.
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

March 20, 1935,

Dr, Regnar Frisch,
Universitetets Okonomiske Institutt,
Blindern, Oslo,
Norway,

Dear Dr, Frisch:

Thank you very much for your bock on confluence analysis
which I received a few days ago, This report is, of course,
extremely interesting to me, particularly because some of the
problems which you have dealt with are among those I was studying
when I was working with you in Oslo, I have not had time to go
over the whole report as thoroughly as I shell, and it takes me
quite a little time to digest material of this kind, However,
you certainly have developed a number of interesting and useful
ideas which I think can be applied to advantege in multiple
correlation problems,

It seems to me that what you have celled "bunch enalysis"
may be one of the best approaches to this problem, and I hope I
shall some time have an opportunity to apply this technique end
to test it on some of the problems with which we are dealing in
our analyses here,

I am not quite sure that your discussion of the inadequacy
of the classical sampling theory goes as far into this subject
as it might, In Section 33 yocu come to the conclusien that the
stenderd errors of the regression equations in the four=-sets and
the five-sets in the constructed example do not give proper warning
that these equations are unreliable, I wonder if sueh warnings
ere not in both table 33,6 and 33,7, For example, in 33,6 the
following beta coefficients would be indicated as unreliable by a
comparison in size of the coefficient with its standard error:
12,34, 21,34, 34.21, and 43,21, This would indicate to me that
none of the four equations in this table are reliable and that in
esach of the four equations there is one toc many variables, This is
the same conelusion that you reach by the technigue you have developed,
Probably there is some difference of opinion among statisticians
as to the use of the standard error of regression coefficients, To
me, any regression equation would be unreliable if any of the
coefficients in the equation were unreliable, and this would indicate
the need for considering certain sub sets of variables,

I wonder if some further experimental work in this general
field might not be valuable, I would think one of the most interesting
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experiments of this kind would be to comstruct an example similar

to the one you have, but with perhaps several thousand observations,
and then to draw at random perhaps a hundred samples of a hundred
observations each and to work out regression equations for each of
the 100 samples, The standard errors of the several regression
coefficients could then be worked out empirically and these empiricel
errors could be compared with the errors as determined by the
ordinary sampling formula,

With best regards to you and Mrs, Frisech, I am

Sincerely yours,

~Tedse K Y, Was]-

ederick V., Waugh,
In Charge,
Division of Marketing Research,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.

April 26, 1935,

Dr. Ragnar Frisch,
Universitetets Okonomiske Institutt,
Blindern, Oslo,

Norway.
Dear Dr. Frisch:

Thenk you very much for your letter of April 11, I do not
want to appear to be defending the classical method of calculating
standard errors of regression coefficients, I believe it has been
clearly shown that stenderd errors calculated in this way do not
give a satisfactory measure of the significance of regression
coefficients, particularly in cases where such standard errors
are needed the most., However, I do think your example, the results
of which are given in tables 33,6 and 33,7, indicateg that not
more than three variables should be taken in this particular problem.
I agree that the technique of stendard errors has been developed
for the purpose of judging each individual regression coefficient.
However, looking at table 33,6 with this in mind we would, by the
ordinary procedure, come to the conclusion thet in each of the
four equations one of the regression coefficients is non=-significant,
and I think if the standard errors were used at ell in this case
they would indicate clearly that one variable should be dropped
from each of these equations. This checks with the results you
have obtained by the bunch anelysis end by other methods.

In the second paragraph of your letter you saym™the technique
of testing significance in this case amounts literally to first
drawing certain numbers out of a hat and then testing the significance

of each of these numbers by drawing numbers out of another hat, Of
course the probability that all the numbers first drawn should by

this 'technique' turn out to be significant would be very smell if
the number of variables were great."® This comment applies, of course,
only to cases in which there is a high degree of correlation among
some of the factors which are treated as independent variables,

If there were several independent variables, none of which was
significantly correlated with others, it is quite likely that the
standard error of all the regression coefficients, as calculated

by the usual formula, might be smells, . . Aefiy | 0 s/

While it seems to me that in the particular example you
have chosen you come to the same general conclusion by the use
of the ordinary standard error of regression coefficients that you
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do by other methods, this is far from proof that the standard
error of the regression coefficients is correctly figured. I

em very much interested in this problem and one of my assistants,
Mr., Edger L. Burtis, end myself heve started to work on this
problem along the lines suggested in my previous letter; that is,
we plen to work out from 50 to 100 sample problems chosen from
the same universe and to observe the actual variation in the
regression coefficients as determined by these samples,

I have read through your book several times and find it
extremely interesting., The bunch analysis appeals to me
particularly and I em sure it will prove to be a useful method
of enelyzing multiple correletion problems.

Sincerely yours, M
k-
Fr

With best regards, I am

mi(:k Ve 'augh,

In Charge,
Division of Marketing Research.
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.

July 3, 1935,

Dr, Ragnar Frisch,
Universitetets Okonomiske Institutt,
Blindern, Oslo,
Norway .

Dear Dr, Frisch:

Recently I have been playing with the possibilities of different
kinds of multiple regression coefficients, I thought I had dis-
covered a pretty good, simple form of equation until I worked out an
example, the results of which seem rather peculiar, You can probably
tell me what is wrong with the sort of regression coefficient which
I have outlined in the attached mnote,

The general idea of what I am calling a composite regression
equation was probably suggested to me by some of the discussions we
had in O0slo and seems to me to be a perfectly good idea, However,
in working out an example I get peculiar results which are stated
on page 12, One of the coefficients in the composite regression
equation is lower than any of the corresponding coefficients in the
elementary regressién equations, This does not look plausible to
me, as I would think each coeffieient would necessarily be some sort
of average of the coefficients obtained in the elementary regressions,
Of course, there is always & possibility that I have made an error
in the calculation of these coefficients, but I doubt if this is
the difficulty. I worked through the problem twice, and the second
time carried the caleculations to & greater number of decimal points,
but the only change in the result was a slight difference in the
fourth and fifth decimal places of the regression coefficients,
These changes are made in pencil on the manuscript

I would appreciate it very much if you could find time to
look this over and probably you can find a simple explanation
for the peculiar results obtained in this problem.

Please give our best regards to Mrs, Frisch, I wish we could
arrange to take our vacation in Norway this summer,

Sincerely i;g;sff ’
y /,l Vs f /

Ay ¥/, j{/?74».'

- L‘c,‘ ;:!:/( "/ ¢ ./ —’/w

Frederick V., Waugh,
In Charge,
; Division of Marketing Research,
Enclosure,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.

October 8, 1935,

Dr, Ragnar Frisch,
The Econometric Society,
Slemdalsveien 98,
Oslo, Norway.

Dear Dr, Frisch:

Thank you very much for your comments on my attempt at a
composite regression equation, I am not sure I followed very
clearly your geometric picture of the problem, but you have
indicated what I suppose is the reason why a given regression co-
efficient may fall outside the range of the elementary regression
coefficients; that is, that some of the weights may be negative,
It does not seem to me that this necessarily makes my formulation
of the equation illogical or unsound. I agree, of course, that it
is mathematically possible that the "true" regression coefficients
might saetisfy an equation of the form aj+é8p+...8,=0. While this
is mathematically possible, it is statistically practically
impossible if enough decimal points are carried,

However, after experimenting with this type of regression
equation a little I came to the conclusion some time ago that it
was not particularly satisfactory for most relationships, Probably
one of the several methods presented in your confluence analysis
would be more satisfactory in most cases,

Thank you very much for your comments,
Sincerely yours,
/
. /;ZALCAA;U/Z/O( ULAQ””{/k\“
Frederick V, Waugh,

In Charge,
Division of Marketing Research,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.

January 29, 1936,
Professor Ragnar Frisch,
Slemdalsveien 98,
Vinderen nol o
0Oslo, Norway,

Dear Professor Frisch:

Your letter of January 4 reached me a few days ago and I have
since done what I could to check the emount of time required in work=
ing out the complete adjoint of the correlation matrix, I am send=
ing my results along to you and would be very glad for you to check
thenm over,

Evidently you have the impression that my article in the
Journal of the Americen Statistical Association was intended as a
eriticism of your work on confluence analysis, This is not at all
true, and I am very sorry if anything in the article can be construed
as an adverse criticism of your method, As a matter of fact, the
whole article was intended only as setting forth the mechenics of
deriving the adjoint of the correlation matrix and from it deriving
the regression equations with their standard errors, the partial
correlation coefficients, and the other common and classicel measures
of regression and correlation, Instructions for this purpose were
drawvn up for use here in the Bureau, After using them on a few
problems it occurred to me that the instructions might be of some
interest to the Journal of the American Statistical Association and
I sent them slong with a short note, the first two paragraphs of which
briefly mention some other work in this field. There are in this
note only two sentences which refer to your work on confluence
analyeis, The first of these states that your method is to be
preferred whenever a complete and detailed understanding of all
relationships is necessary. The second states that in a problem of
8 or 10 variables the work involved in your method is almost pro=
hibitive. Perhaps the word "prohibitive" is too strong. I would
agree that there mey be meny ceses in which 8 or 10 variables are
involved thet perhaps should be studied by your method even though
a great deal of time is required.

However, my only comparison between the method I propose and
your method which you eall tilling (I think your original Norwegian
word "ophevning" is more descriptive) was concerned with the amount
of time required by the two methods, I am not sure what you mean by
saying that my comparison wes not just because I say that the work
involved in studying & problem of 8 or 10 variesbles by your method
is almost prohibitive and them working out & problem in 7 veriables,
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I made no comparison of the amount of time required in working out
this 7 variable problem by the two methods, and, in fact, did not
even give the amount of time required by my own, However, if I had
wanted to show a great deal of difference in the time between the
two methods I would have chosen a problem of 10 or 12 variables, in
which case the difference is even more striking,

Your letter is divided into three parts., The second part
deals with the nature of the standard errors found by the classical
method, and the third part deals with the general problem of
reliable criteria of confluency., I shall not attempt to go into
these last two problems in deteil in the present letter, I think
they are not involved in my article in the Statistical Journal, I
was only concerned in that article with what I think is the simplest
and quickest way of deriving the common classical measures of
correlation and regression and not with a comparison of the meaning
of these measures with the meaning of the measures you proposed,

In fect, as I mentioned above, I indicated that your method is to
be preferred whenever a complete and detailed understending of all
the relationships is necessary,

I have some questions sbout the last two subjects in your
letter and would like to take them up with you later on after I
have had time to study in more detail the potato quality problem
which is treated in your book. I am not satisfied that the results
you obtained are correct, but I have not yet found time to go into
this subject in sufficient detail to write you fully, I shall,
therefore, limit this letter mainly %o a comparison of the amount | | Povel %
of work involved in getting the adjoint of the correlation matrix | é%’ a0 <,
by your method of tilling end my modification of the Doolittle Mo B

method, N grnd )
Qf‘ e,lﬂﬁi'"g’)

The total number of multiplications and divisions required N
in my process of deriving the adjoint of the correlation matrix, Y
including the necessary checks, amounts to

n(n®=1
2
where n represents the number of variables, Of this total number
there are n divisions, These are the reciprocals of

'
Ti1

The amount of copying by my method is reduced to a minimum
and is very much less than the amount of copying needed by your
method, I think, therefore, that it is fair to assume that if our
people were well trained in my method they could make about the
seme number of multiplications in an hour as your people cen, =
about 100,
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Figured on this basis, a 7 variable problem with 6 decimal

places would require by my method approximately 1-2/3 hours, as
compared with 41 hours by your method. The 41 hours by your method
represents approximately six working days of seven hours each, An
8 variable problem by my method would take about 2% hours, as compared
with 118 hours by your method, The 118 hours by your method would
mean approximately 17 days' work. A 10 variable problem by my
method would take 5 hours, while by your method it would take 857
hours, or approximately 5% months, figured on a basis of 1,875 working
hours in a year, A 12 variable problem would require by my method
8% hours, whereas by your method it would take 5,652 hours, or
approximately 3 years,

I have attempted to check the time involved by having two of
our clerks work out three problems. Their time was more than that
which I have indicated above, but I think this is very largely due
to the fact that they have had little experience with the method,
end it was necessary to interrupt them several times to work on
other problems, However, the actual time used was as follows:

First, following your suggestion I repeated the solution of
the 7 variable problem in my artiecle. By the way, you asked me for
the original eorrelation coefficients in order that you could work
out the same problem, These coefficients are given in Table 1 on
page 696 of my article, I gave these coefficients to one of our
clerks, asking her to rework the table of Pij, carrying it out to
6 decimal places, Her time on this problem was 3 hours and 15
minutes instead of the 1-2/3 hours whieh would be required at the
rate of 100 multiplications an hour, I am reasonably sure that the
clerk who ran through this problem could do it in less than two
hours, There are two reasons for the longer time, The first is
that she had previously used this method on only two problems, The
second is that she is in charge of our statisticel unit and was con-
stantly interrupted., I am sure this slowed up her work a great deal,

In order to eheck further on this matter I gave one of our
other clerks two problems, One was the 8 variable potato quality
problem which is worked out in your book. It happened that this
was the first time this particular clerk had worked completely through
a problem by my method, although she had had a little experience
with the ordinary Doolittle solution, Her time on the 8 variable
problem was 4 hours and 30 minutes, whereas it should be possible
to complete the problem in about hours at the rate of 100
multiplications an hour, This clerk mede several mistskes in the
back solution for the Py i values and for that reason an unnecessary
amount of time was lost in making corrections,

After this clerk had finished with the 8 variable problem I
gave her a 10 variable problem in order to see if on her second

e
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attempt she could meke greater speed, and found that her time was
very much better amd averaged epproximately the 100 multiplications

en howr which you teake as normal, She worked the 10 variable

problem in 5 hours, which is just about at the rate of 100 multiplica=
tions an hour, I em quite sure that if I gave her another 8 variable
problem today she could do it in about 2} hours,

If you would care to check on the 10 variable problem I am
enclosing it on a seperate sheet, The original zero order correlation
coefficients are given only two decimal places, but we carried the
computations out to six decimal places,

I think there can be absolutely no question that if what we
went is meinly to derive the adjoint or the reciprocal of the
correlation matrix it can be done in very much less time by my
method than by the method of complete tilling, The difference is
more and more striking the larger the problem becomes, Dr,. . QOscar

ams of the U, S, Coast and Geodetic Survey tells me that his
people can work out one of the elementary regression equations in
a problem of 100 variables in about 10 to 12 deys. So much for the
time involved in my process as compared with the process of complete

tilling,

I might comment briefly on some of the other points mentioned
in your letter. You speek of a method of "one-way determinant
computation” which you believe will beat the Doolittle process in
deriving a single regression equation, I am not sure I know what
your process is, but remember very well the experiments we made on
problems of three variables and four veriables., In the case of o~
small problems of this kind I think it is quite correct that the
solution of the equation by the ordinary determinant process will _ SIANA
beat the Doolittle solution, I believe, however, that in the case | A8 i
of problems involving more than about five veriables the Doolittle T
solution has a distinct advantage as far as time is concerned, U /

You also object to the fact that in the reduction of the

problem by one variable at a time, divisions are used, whereas in

your process you use multiplicetions, You point out that it may

happen thet some of the values by which one is led to divide may ;

become very small, This is, of course, true, but I think here, as | _ otasbil
in most of your discussion, you assume that in most problems some e Sy
of these values will become small, This is not necessarily true. , ... .
In the three problems I have mentioned above the smallest figure e
used as a divisor in the 7 variable problem was 0,448, In the 8

veriable problem the smallest divisor was 0,677, and in the 10

variable problem the smallest divisor was 0,365. Also, I think it

ie a fairly simple matter to add more decimal places in case some

of the divisors should become small,

w ¥
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While I do not feel able at the present time to discuss in
detail the relative merits of the usual standard errors as compared
with your bunch analysis for the purpose of testing significance,
it seems to me that your whole argument, both in your letter amnd in
your book, applies only to eases in which we have a multiply
collinear set; that is, to cases in which the scatterance among the
independent veriables is approximately zero., In this case both the
) . | regression coefficients and the stendard errors obviously lose their

vy 7 ® 77 | significance, I think it is also obvious, however, that when the
Y g scatterance among the independent veriables is significantly
__different from zero, your criticism is not so important.

i ?

a1 I In this connection the scatterance emong the independent

J
> 7. veriables in the 7 varieble problem in my article was 0.168, When

a4, " the last two variables were dropped the scatterance among the four
remaining independent variables was 0,417, In the potato quality
problem of 8 variables the scatterance among the 7 independent
veriasbles was 0,396, In the 10 variable problem on milk production
the scetterance emong the 9 independent veriables was 0,084,
These scatterances can be determined readily in the tables used for
reducing the equations, The total scatterance in the big set is
simply the product of the elements in the diagonal of the first
set of reduced equations; that is, it is the product

| ] | TP,
T11% 22733 " Tnn

The verious (n=1) order sub=scatterances can be found by multiplying
the total scatterance by the values of Pyy.

In the 1@ variable problem the scatterance among the independent
variables is fairly low, However, it can be readily seen from the
table that the smallness of this scatterance is due mainly to variables
8 and 9, If these two were dropped the scatterance among the remain-
ing 7 independent variaebles would be fairly high,

You say that if we followed my rule there would not be a
very great chance of accepting a wrong equation, but that the rule
becomes distinctly misleading if used as a criterion of which
variable or veriebles to eliminate, It seems to me that this, as

well as the rest of your argument, applies only to cases in which !

fe
/1
i

B

the scatterance among the independent variables actually is close | Wit T
to zero, The stenderd errors of the regression equations in the A~

tato quality problem are of interest in this comnection, You J,_.;,;,j_
will remember that your analysis indicates that the most significant T

set of variables is 1245, You then come to the conclusion that
we cannot include all four of these in the same set, but that we
can take either the set 124 or the set 125, The standard errors of
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’ ¥ i, ; the regression coefficients indicate that the regressions of 1 om 2,
'{$E§?'ﬁ !/ 1 on 4, and 1 on 5 are all significant and that none of the other
A 3" | four regression coefficients are significant, You will note that
N in this case the standard errors pick out the same set, 1245, which
£ o ? you would pick out by your technique, altho they do indicate y Qﬁjrl
VLI that it is possible to include all four of these varia the ,l Al
ol 9.——2?%—% I doubt very much that it is by chance that the ?di
K - - standar rors picked out these same four variables which were

chosen by your technique and dropped the same four,

L gt - After rereading your letter I note one or two minor points
. ' which I have not covered, First, my formula 9 is correct in its
S present form, I think,

You have evidently not understood my method of deriving the
values for Pjy;, This does not amount to n independent Doolittle
solutions, e reduction of equations by the Doolittle method is done
only once for set and the values of Pj4 are determined by the

ormulas given at the top of page 699, I think you can follow these
formulas all right, although they were condensed somewhat by the
editor of the journal,

In following my method of getting the reciprocal matrices

L“ | it is necessary to copy only the figures shown in tables 1 and 2
i . } on page 696, All the figures in these tables are obtained directly
i‘ﬁgﬂi- on the ealculating machine, Ng work sheets are needed except the

- :i forms for tebles 1 and 2,

It would be possible, of course, to use my method to get
regression coefficients in all the sub sets, The amount of work
involved would, I think, be practically the same as that necessary
for your method, although it would be possible to modify my method
to save perhsps from 1/3 to 1/2 the time, Some time ago I experimented
a little with a modification of the Doolittle process which makes
it possible to get the scatterances in all the sub sets in a fairly
simple and direct way. The same modified process could be used
to get the adjoint matrices or the reciprocal matrices, but the
complete solution would teke from two to three times as long as it
would to get the scatterances alone,

This letter is necessarily rather long. I think my position
could be summed up about as follows: Whenever the usual measures
of correletion and regression are satisfactory, the method I pro=
posed will give the necessary results with the least possible work,
perticularly in cases where we are dealing with a large number of
veriables, Whenever we are dealing with sets which really are
multiply collinear your technique of bunch analysis cen be used to
u advantege, The last paragraph of your book, I think, is particularly
*4?{4 good, You say in that paragraph that your technique will not solve

Jou ! ‘
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all problems of significance, but that it will be helpful in a

| great number of cases and that for many kinds of problems it

will be indispensable., I agree with this statement, but I do not

' think you would wish to argue that the usual measures of regression

and correlation never have any meaning and that your technique
should be used for all kinds of problems,

Please give my best regards to Mrs, Frisch,

Sincerely yours,

¥ /CVW
af A gl - A )

-~

JAVE g W Y, Frederick V, Waugh,
:ft‘ ; - Y e In Charge,
b ) ke ! » Division of Marketing Research,
f '3 '4d P b‘,‘, Vo
Enclosure, '
N/ d
. e
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BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.
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Merch 11, 1936,

Professor Ragnar Frisch,
Slemdalsveien 98,
Vinderen Pr.,
0slo, Norway.

Dear Professor Frisch:

In your recent letter you asked for some further information
about the possibility of calculating a complete set of scatterances
by the Doolittle method, or the Gaussian method, if that neame is
preferred, I have commonly called it the Doolittle method simply
because it is usvally known by that name in this country.

I am enclosing three photostatic sheeis. The first of these
outlines a method of obtaining scatterances by a modified
Doolittle method., I think the method will be fairly obvious to you,
although, s you will note, I included no proof, as this was drawn
up only as a guide for the mechanical work, I do not think the
notation on this page is very good, Perhaps you could suggest
something better, However, as far as the method goes, it works
all right, although it is obvious that the amount of work increases
rapidly as the number of variables increases, Each time a new
variable is added it doubles the number of lines which must de
computed,

I think that while this modified method may be useful in
some problems, you will be more interested in the second amnd third
pages which can be used in connection with what you call the
"Pi1ling" process, The process outlined here, as you will notice,
is first to get the reciprocal correlation matrix in the big set
of n variables and to work back from this to somewhat similar
tables in the sub sets, leaving out one veriable at a time, The
tables in the sub sets are neither reciprocal matrices nor adjoint
matrices, but they are rather the adjoint matrices with each

elément multipliel by & constant, I think these tables are probably
just es useful as the adjoint tables themselves, If not, of course,
the adjoint tables could easily be derived by dividing each figure
by a constant.

I think that if a complete Tilling analysis is made in a
problem of several variables the method outlined here is probably
somewhat shorter than the method outlined in your article, Of
course, it may not be mecessary in gll cases to make a complete
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analysis in all sets, In the potate quality problem it might
take less time by the method you outlined then by the one presented
here because, for example, you decided from your analysim that it
was not worthwhile to include more than three variables in the
problem and therefore would not need to proceed to study the sets
of four variables, Of course, on the other hand, in many problems
we might arrive at the opposite kind of conclusion; that is, for
example, we might start with a set of 8 variables and decide that
we could teke 6 or 7 of them, In that case I think the method
outlined here would save a good deal of time because it would not
be necessary to study sets of less than 6 or 7 variables,

I think that you cen follow the mathematics on pages 2 and 3
without any mathematical proof. The formulas are derived from
Sylvester's theorem concerning the determinant values of adjoint

matrices,
With best regards to you and Mrs, Frisch I am,

Sincerely yours,

. e v 1/'../(2&‘1//\

Frederick V, Waugh,
In Charge,

Enclosures, Division of Merketing Research,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.

Professor Ragnar Frisch, April 22, 1936,
Slemdalsveien 98,
Vinderen Pr.,
0slo, Norway,

Dear Professor Frisch:

I am very much interested imn your letter of Merch 30,
particularly the part which discusses a simple and gquick method of
computing all the scatterances and sub-scatterances among a set of
several variables, When you have this worked out I would appreciate
it very much if you would send me an outline of the method,

It occurs to me that if there is a method of computing all
the scatterances snd sub-scatterances gquickly and easily that this
might offer a simple method of making a complete solution similar
to that you have developed in your Tilling process,

The squared regression coefficients in any sub-set can be
ealcnlatod by the ronowing formula based on Sylvoster's theorem:

/D‘b |;-—-)(f‘-§\\ -n A)‘LL‘\)V' A A’ka')/ A)“

I think this formula e¢an be computed readily on a calculating machine
without copying any intermediate steps. This can be done easily if,
in addition to the seatterances, a table is prepared giving the
reciproeals of the squared scatterances, then by three multiplications
of the machine the squared regression coefficients can be obtained
directly.

0f course, in some problems there mey be a question as to
the sign of the regression coefficients, but I wonder if in most
cases we could not select the most reliable set of variables by
calculating the scatterances and aub-soattorancoa in oaeh nt :
and sub-set, and also calculating in each eau , (4. ) Qmd 001050

\-

I would thimk the expression

' would be a good measure of the "regression spread," If the relation-

ship were perfect this expression would be e?l to wmity,

Sincerely yo

7}« /u M A/m

/ edorick V. Waugh,
: In Charge,
Divls‘on of Marketing Research,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU CF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.

August 29, 1936,

Professor Ragnar Frisch,

Slemdalsveien 98,

Vinderen Pr.,
Oslo, Norwey,
Dear Professor Frisch:
| You will be interested in the lest few pages of the

attached paper which I am submitting for publication in the
Journal of the American Statistical Association, If my dis-
cussion does any injustice to the bunch analysis technique,
I hope you will call it to my attention. I suppose it will
be some time before this paper is published, and I would be
gled to meke changes in it if it is at all incorrect, or to
have you write & reply to be published with the paper,

With best regards, I em

Sincersly yours,

.“ {',.‘[-‘, LAt "’i’ " .
/ Frederick V, Weugh,
In Charge,
Enclosure, Division of Merketing Research,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D. C.

September 21, 1936,

Professor Ragnar Frisch,
Slemdalsveien 98,
Vinderen Pr,,
Oslo, Norway,

Dear Professor Frisch:

A couple of weeks ago I sent you a peper, "The Complete
Analysis of Regression Systems in Several Variables,” I have
just received a mote from the editor of the Journal of the
Americen Stetistical Association suggesting that the material
in this paper be written as two separate articles; the first one
dealing with the mechanics of getting the cofactors in minors of
all possible orders, and the second discussing possible ways of
testing the reliability of the various sets,

I think the second paper would require a much more
comprehensive treatment them I have given it and I rather doubt
whether I shall attempt it, - at the present time, at least,
Probebly I shall submit to the Journal a short note referring to
my article in the December, 1935 issue of the Journal and
indicating how the P tables in the various subsets can be derived
from the P table in the big set of n veriables,

I would, of course, be very interested in any comments you
mey have on my gemeral eriticism of the bunch analysis techmique,
and perhaps later on I mey attempt a rather serious paper on
this subject, but unless you have dome s0 I suggest that you do
not write out any careful reply to the paper I sent you because
it is not likely to be published im that form.

With best regards, I am

Sincerely yours,

Frederiek V, Waugh,
In Charge,
Division of Merketing Research,



UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

Mey 4, 1937,

Prof ., Ragnar Frisch,
Universitets gkonomiske Institutt,
Blindern, 0Oslo,
Norway,

Dear Prof, Frisch:

In your "Confluence Analysis" you mentioned a mimeographed
summery of lectures given in Leyden in 1923 in which you discuss
matrix algebra and its application to statistics, I am enclosing
a check and would like very much to get a copy of these lectures
if you still have one available,

I still have not finished revising my statement on the
determinateness of regressions, but hope I will be able to do so
within a couple of weeks, I have been intending to send you a
copy as soon as it is ready, but perhaps the best thing to do
now would be to wait and talk it over with you when you are in
this country., A recent card from Mrs, Frisch indicated that you
probably would come to Washington on your trip to the United
States, and I hope you are going to be able to find time to dis=-
cuss some of these vroblems with me and also to spend some time
with my femily, if you can possibly do so,

With best regards, I am

Sincerely yours,

/
/

~

//' J
- &
/ // /’" { 7/!"/ :

//" Prederick V. Waugh,
/ In Charge,
Enclosure, Division of Marketing Research,
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UNITED STATES DEPARTMENT OF AGRICULTURE

2 é£ & ' BUREAU OF AGRICULTURAL ECONOMICS

WASHINGTON, D.C.
Mey 15, 1937,

Prof, Ragnar Prisch,
Universitets fgkonomiske Institutt,
Blindern, 0slo,

Norwey .
Dear Prof, Frisch:

If you plan to stop off in Washington this summer I would
like very much to get together a small group of statisticians
for an informel conference with you., I would appreciate it very
much if you would let me know when you plan to be in Washington
end whether or not it would be convenient for you to spend an
hour or two with such a group.

Also, it might be well to schedule ahead of time the general
topic which is to be discussed. 1In this connection I think there
are at least three topics which you could discuss with little or
no preparation and which would be interesting to a number of people
in the Department of Agriculture and elsewhere in the Government.,
These are: (1) confluence analysis; (2) the measurement of utility
and its relation to problems of price analysis, to statistics of
levels of living, to taxation problems, etc.; and (3) the
statistical evaluation of trends and cycles,

There is another statistical problem which recently has been
interesting a number of us here who are dealing with time series,
I do not know how much work you have done on it, but doubtless you
would have some ideas, I refer to the problem which is sometimes
called serial correlation, As you know, when we deal with such
time series as prices and supplies, the successive observations
of price are commonly correlated with each other as are also the
successive observations of supplies, This tends to reduce a number
of degrees of freedom in the problem and mekes the results in many
cases much less reliable than might be anticipated on the basis of
the usual estimates of error, Some of the statisticians in the
Department have been experimenting with the possibilities of
reducing the amount of serial correlation by differencing the
original series and by similar means, There has slso been some
attempt to estimate the number of degrees of freedom, Up to the
present time, however, attempts to find a good solution to these
difficulties has not been any too successful, and for that reason
this would be a very timely subject if you care to discuss it,
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The mein question is, however, whether or not we could
get you to confer with a small group for an hour or two when you
are here, I am sure a number of the men here would like to meet
you and would be interested in any statistical problem you wanted
to discuss,

With best regards, I am

Sincerely yours,

) A=

Frederick V. Waugh,
In Charge,
Division of Marketing Research,
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BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C,

September 2, 1937,

Prof. Ragnar Frisch,
Vinderen,
0slo, Norway,

Dear Professor Frisch:

We have been having a lot of rush typing work here and
do not yet have your report mimeogresphed., However, we are
working on it and I hope we will have it ready for distribution
in a week or so.

Under separate cover I am sending you & copy of the
paper I told you about when you were here. I hope you can find
time to go over it and give me your eriticism of it before it
is published. I am also sending a copy of the paper to Mr.
Stephan of the American Statistical Associstion. I should be
glad to get in addition to your eriticism of the paper any
suggestions you mey have as to an appropriate place to publish
something of this kind,

We were very glad to see you and I hope next time you
come to the United States you can spend more time with us,

With best regards,

Sincergly yours,

'M, /{,/(1 u}f s

Frederick V. Waugh,
In Charge,
Division of Marketing Research,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

October 9, 1937,

Professor Ragnar Frisch,
Vinderen Pr.,
Oslo, Norway,

Dear Professor Frisch:

The c?pies of your talk, "Methods of Measuring the Relative
Cost of Living", have just come from the Mimeograph Section, I
am sending you under separate cover 25 copies, I am sorry this
was delayed so long, but we have been particularly busy in my office
during the past few weeks and I was unable to get the material
mimeographed anywhere else, I have supplied copies to the following
persons: Dr, Cowles, Mr, Bean, Dr, Stine, Miss Monroe, Dr, Copeland,
Miss Kneeland, Mr, Wilcox, and Mr, Elliott, I shall be glad to
send copies to anyone else you suggest, I could also send you a
few more copies if you have any use for them,

I just received your letter of September 18 and appreciate
very much the thoroughness with which you went over my menusecript,
"On the Validity of an Estimate from a Multiple Regression
Equation,” I really had not realized how exactly the mathematical
treatment in this manuseript followed that in pesrt of "Confluence
Analysis."” I intend to rewrite the manuscript, msking the first
part of it dealing with the significance of zero scatterances very
short, simply referring to the mathematical development in "Con=-
fluence Analysis"™ and proceeding to show how the idea might be
applied to practical problems, Thank you very much for your
eriticism of this part of the manuseript and also for your sug=-
gestions on the rest of it,

With best regards, I am

Sincerely yours,

sl Wor =

Frederick V. Waugh,
In Charge,
Div1sion of Marketing Research,

/M /i- Mt prcrins /;um_/*f/’;’)&/«tu»(
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

January 7, 1939;

Professor Ragnar Frisch,
Vinderen,
Oslo, Norway,

Dear Professor Frisch:

Mr, Been and I have rewritten the peper "On the Validity
of an Estimete from a Multiple Regression Equation.,” I plan
to submit this to some journal for publication in the near
future, I am inclined to think the best place would be
Econometrica, and if you think the article is suitable for that
journal I shall be glad to submit it,

The major revision is on the section from pages 9 to
18 dealing with the test of significance of an observed scatter-
ance, We have gone over very carefully your treatment in "Con-
fluence Analysis,"” It seems to me that while we use some of the
same mathematical procedure here the application is quite differ-
ent from the one you had in mind in most of the treatment in
"Confluence Analysis.," I would aprreciste it if you would read
rarticularly the part of the present draft beginning at the
bottom of page 15 and ending at the bottom of page 17e¢,.

I hope you can find time to look the whole paper over
again and would greatly appreciste any further comments you
mey have,

With best regards to you and

Sincer yours, W

Frederick V, Weaugh,
In Charge,
ivision of Marketing Resesarch,

Enclosure,
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UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

Amril 15, 1938,

Professor Ragnar Frisch,
Vinderen,
Oslo, Norway,

Dear Professor Frisch:

I em snxious to get your comments and suggestions on the
manuscript by Mr, Been and myself which was sent to you in
January, 1 realize, of course, that you are very busy amnd I do
not want to impose upon your good nature, but I really believe
the ideas in the manuscript are rather important and represent
quite a different point of view from that expressed in "Confluence
Analysis.” I think we should offer this material for publication
in the near future, and I should appreciate very much any sug-
gestions from you which will help to meke the presentation
more c¢lear or more correct,

I happened to think of this subject again because Mr,
Mendershausen was in to see me a few days ago and I have since
read his article in the current issue of Econometrica, While
I have not yet had a chance to discuss this in detail with him,
I em inclined to think that the applicetion of your principles
of bunch analysis to this problem proves nothing, and that in
this case, like most others, it would be very easy to apply
your former ideas of scatterances along the lines suggested by
Mr, Been and myself in a way which would provide a real test,

With best personal regards, I am

Sincerely yours,

M"Wk I/l/‘lﬂ“‘(\"

Frederick V, Waugh,
In Charge,
Division of Marketing Research,



UNITED STATES DEPARTMENT OF AGRICULTURE

BUREAU OF AGRICULTURAL ECONOMICS
WASHINGTON, D.C.

Mey 27, 1938,

Professor Ragnar Frisch,
Slemdalsveien 98,
Vinderen Pr,,
Oslo, Norway,

Dear Professor Frisch:

Thenk you very much for your letter of May 11 commenting
further on the paper by Mr, Been and myself, I appreciate very
much your willingness to look over two different versions of the
rather long paper and give us your views,

Your letter mskes one important point whiech T had not
realized and which calls for a revision of part of our discussion,
That point is that our procedure of finding the smallest root
which would make the correlation vanish is unnecessary, and that
all we need is to show that the estimated true correlation matrix
is positive definite and non-singular,

It still seems to me, however, that you misunderstand the
nature of our proposed test of the significance of an observed
scatterance, Although we do use the same mathematical procedure
as that developed in "Confluence Analysis™, I think our application
is entirely different and usually leads to decided differences in
conclusions, I would suggest, for example, that you reread the
discussion beginning with the last paragraph on page 17a of our
manuscript and ending with the middle paragraph on page 1l7c.
Briefly, this shows that the application of our procedure to the
potato quality problem, treated in ™Confluence Analysis™ indicates
that it is legitimate to use all eight quality variables in meking
an estimate of expected prices., Whereas, your analysis by the
confluence technique indicated that it was legitimate to use only
two, I believe our analysis is correct, and, moreover, it seems to
me quite apparent that in a problem of this kind the composite
regressions, like those you develop in "Confluence Analysis™, have
no meaning,

Your letter of May 11 indicates that you finally agreed that
we use the corrected correlation matrix for a different purpose;
that is, to find out whether or not the calculated scatterance in
a set of independent variables is significant, However, you do not
appear to recognize the other important difference between this
procedure and yours, You say, for example, "But your line of
approach to this is in my opinion not guite satisfactory, particularly
because you seem to consider the error variances only as some sort of
errors of observation, while they express in fact the parts of the
variables that are not systematically connected.,” We tried to state
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as definitely as we could that we were concerned here only with
errors of observation and not with your broader notion of
ndisturbances,” We tried to make this clear on page 3 of the
manuscript, and to speak consistently throughout the manuscript
of errors of observation or errors of measuring or estimating each
of the separate variables, It seems to me that you ignore here
one of the most important differences between our procedure and
yours, We are concerned entirely with errors of observation, and
in using our estimates of such errors in testing the significance
of an observed scatterance among a group of variebles we wish to
use as a set of independent variables any one of the ordinar

classical multiple regressions, We clav_ th res, o ank
gm:w(o\, Sroaduin ' dinskin baices”. _mvff "“‘-60""" A

ftar iK Lo uak
I am not sure yet what we should plan to do with this paper, '9.
but my present inclination is to condense it rather drastically, x““
but to include in it a discussion of &1l three of the topics; AT

that is, a test of the observed scatterance in terms of the errors |sss “7~
of observation of the separate variables, the definition of the bi[;_ﬁx_;o
region of extrapolation, and the method of computing the error ,

of an individual forecast, In }ine with your comment, the

discussion of our test of a scatterance can, of course, be

simplified a good deal, and I greatly appreciate your calling

our attention to this fact,

With best regards to you apd NMrs, Frisch, I am

Frederick V, Waugh,
In Charge,
Division of Marketing Research,
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EXECUTIVE OFFICE OF THE PRESIDENT

COUNCIL OF ECONOMIC ADVISERS
WASHINGTON 25, D.C.

August 2, 1948

Professor Ragnar Frisch
Vinderen
Oslo, Norway

Dear Professor Frisch:

I found your outline, "A System of Concepts Describing the Economic
Circulation and Production Process", very stimulating. Careful theoretical
work of this kind certainly should help us to understand problems of
economic stability and instability. :

' I suppose, however, that this discussion of concepts is only a
start toward a much more important undertaking, I must confess that
after I had read this document I had some difficulty in seeing how you
intended to apply the concepts to the work of the Sub-Commission. In
a general way, of course, it is important for any such commission to
start with meaningful concepts and with analytical tools such as those
you have provided in your ingenious diagrams., Yet I would think that
the group should drive forward as rapidly as possible to item (iii)
"o advise the Commission on the most appropriate methods of promoting
full employment and economic stability."

Presumably, it would be possible to take available data for such
countries as Norway and the United States; subject them to the kind of
analysis indicated in your documents; and reach some tentative conclusions
concerning policies that would promote economic stability either in a
single country or in the world as a whole,

In other words, I hope the document you sent me is simply an
introduction to some concrete econometric analysis dealing with the
most important economic problems now confronting the world, I
sincerely believe that the document you prepared will help steer re-
search along the right lines,

Mrs, Waugh and I both send best regards to you and Mrs, Frisch,

We often speak of the delightful year we spent in Oslo and hope we
will see you when you come to the Unjted States again.

Frederick V., Waugh
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UNITED STATES DEPARTMENT OF AGRICULTURE

AGRICULTURAL MARKETING SERVICE
WASHINGTON 25, D. C.

January 17, 1958
Air Mail

Professor Ragnar Frisch
University Institute of Economics
Karl Johansgt. 47

Oslo, Norway

Dear Professor Frisch:

Thank you for sending me your very interesting report of September 1957,
"Linear Dependencies and & Mechanized Form of the Multiplex Method for
., Linear Programming."

F’;n my opinion, the problem of linear dependencies is very important in
many practical cases involving linear programming, For example, some of
us in the Department of Agriculture have been interested in linear pro-
*";t‘ﬂ gramming as a means of discovering the least—cost mixture of ingredients
satisfying certain minimum nutritive conditions for animal feeds. We will
soon publish an analysis of broiler feeds (that is, feeds far young
x M chickens), meeting some twenty minimum requirements. In cases of this
kind, the feed manufacturer can often choose between several ingredients,
each having approximately the same nutritive contents. Thus, among the
ingredients may be whole corn, cracked corn, and corn meal. Naturally,
each of these ingredients has about the same content of productive energy,

protein, calcium, etc, In other wards, two or three rows of the maﬁ.f_;x
are practically identical.¥ —— L A ol e N

It is good to know that you are working on this problem, It reminds me
of the work you were doing back when I first met you in 1932, At that
time you were studying the significance or non-significance of observed
ngecatterances." Probably I have not much to contribute to this subject.
However, I thought you might be interested in the enclosed paper by
Paul S. Dwyer and me, "On Errors in Matrix Inversion." This, I think,
is not unrelated to the problem discussed in your report.

The general idea of your multiplex method appeals to me., My own recent
attempts have been in another direction. I will have a paper in an early
issue of the Journal of Farm Economics showing how our rather elaborate
broiler feed problem can be analyzed by a process of simple arithmetic
vhich used to be called "alligation."

With best regards I am
Sixvicgrely yours,

Frederick V. Waugh
Enclosure Diregtor p
Agricultural Economics Division

i

!
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UNITED STATES DEPARTMENT OF AGRICULTURE
ECONOMIC RESEARCH SERVICE
WASHINGTON 25, D.C.

April 12, 1962
Air Mail

Professor Ragnar Frisch
Economic Institute
University of Norway
Oslo, Norway

Dear Professor Frisch:

Do you know what has happened to Professor Divisia? I wrote to him
recently at his old address in Paris. The letter was returned to me
stamped "Unknown at this address." About a year ago Professor Divisia
wrote me from southern France and indicated that his health was not
good.,

Mr, Koffsky and others who saw you recently in Geneva and in Paris
report to me that your health and spirits are good. I am certainly
happy to hear this, and have been glad to see that you are continuing
to turn out important econometric papers.

With best regards.

Frederick V. Waugh
Director
Economic & Statistical Analysis Division

Enclosure
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FISH AND WILDLIFE SERVICE \
BUREAU OF COMMERCIAL FISHERIES
7338 BALTIMORE AVENUE = ROOM 209

COLLEGE PARK, MARYLAND 20740
May 19, 1969

Professor Ragnar Frisch
Universitet Qkononiske Institutt
University of Norway

Oslo, Norway

Dear Professor Frisch:

You probably recently received a letter from Professor Stiglitz indicating
that the Econometric Society is publishing some selected articles from the
first thirty years of Econometrica. He wrote that they plan to include
the old Frisch-Waugh Paper about partial time regressions. This suits me
fine and I hope you approve. I have always been proud of my collaboration
with you on this paper. It is also a pleasant memento of the very produc-
tive year I spent with you at Oslo.

I have gone over the paper rather carefully and have marked a number of
suggested changes on the enclosed reprint. Will you please go over it,
make final changes and send them to Professor Joseph Stiglitz, General
Editor, Econometrica Reprint, Box 2125, Yale Station, New Haven, Connecti-
cut 06520.

We have not heard from you in a long time. I hope everything goes well
with you., I retired from the Department of Agriculture in 1965 but have
been busy ever since with a series of studies. And the past two years I
have been working with the Bureau of Commercial Fisheries, Department of
the Interior on an analysis of fish prices. Dr. Virgil Norton and I have s
bulletin on this subject ready for printing.

My children are all grown and away from home. We have ten grandchildren.
We would greatly appreciate news from you. With best personal regards from
Irma and me to you and Mrs. Frisch,

Home address: —
1006 South 26th Street
Arlington, Virginia 22202
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May 19, 1969

Profeasor Joseph E, Stiglitz
General Editor

Econometrica Reprint Series
Box 2125, Yale Station

Nev Haven, Comnecticut 06520

Dear Professor Stiglitz:

Thnnkyoutormhttnrot&.y&. I am happy to know that
you are planning to reepublish the ©ld Frisch<Waugh article
about "Partial Time Regressions Compared to Individual Trends."

You asked about typographical corrections. T have gone over
the article carefully and have noted several changes. They
are indicated on the enclosed copy. I am also sending & marked
copy to Professor m-&uuuhimtonbﬁm&n‘uw
to send them to you. Please accept Professor Prisch's changes

ag final,
81?72(7
Frederick V. Waugh
Economist
Enclosure

cc: Professor Frisch
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