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Basis of Estinates

The naking of estimates on the characteristics of an entire

statistical universe, or population, from sample data has already "been

described briefly in the chapter on Sampling. Because of the lavv of

statistical regularity we Iziov: that frequently dependable estimates on the

characteristics of ^an entire universe can be made on uhe basis of character-

istics of a very small part of the universe if this small part is properly

selected. If this vjere not possible, many of the reports that are nov;

available on business conditions, costs of production, living costs, hous-

ing, and so on vjould not have been available because of the cost, effort,

and time that v.ould have been necessary to include the entire universe in

the sample.

Many government and private agencies use sample data in making

estimates, and these estimates are generally acceptable. Those v/ho prepare

the estimates and those v:ho use them know that generally it is not neces-

sary to include every part of the universe in the sample in order to obtain

a basis for generalizing on the chai'-acteristics of the universe in its

entirety, and they loiovj also that in many instances the imjjortance of
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estiiaauos vvould bo ininiciized if it Wb-re nocessary to withiiold them until o.

100 percent sample could be procured, Furthermorej as indicated, the tine

that would be required to procure a 100 percent sample frequently vrould

prohibit the making of timely estimates on conditions in v.'hich there is a

current interest.

This report is concerned v/ith estimates that arc; sonei/hat different

in nature from those that are made from s'lmple data, by raising it to the

universe, and the nature of such estimates has been indicated in the dis-

cussions on correlation and regression. For example j the fundamental

principle underlying the calculr:tion of numerical expressions of c'luse and

effect relationships is that from the determination of the extent to '.Thich

independent r.nd dependent v.ariables are associat^jd, or have been associated

in the past, logical deductions som^jtimes can be made as regards future

relationships. V^hen v:e have measured the degree of apparent cause and effect

relationships between certain variables it is often possible to estimate or

predict future occurrences*, Tl:is is a principle underlying many correlation

analyses, for it is only on the basis of pf.st occurrences that x'je can arrive

at conclusions as to Vj'hat is most likely to happun in 'Ghe future^

Simple regression lines enable us to shovj" the rel.-;.t ions hip between a

series of independent variables and i. series of dependent variables, thus

making it possible to make some dtjduction as regards most probable values of

a dependent vari.-ible that are likely to be associated with given values of

the independent variable. In like manner, the multiple regression equation

provides a means of estimating the most probable values of a dep^ndunt

variable that are likely to b^; associated with given values of 2 or more

independents. By simple regression it might be possible, for examp].e, to





estimate witli some degree of dependability the price of cotton that is likely

to be associated with a given quantity of production, and fairly dependable

estimates of the yield of V7heat per acre might sometimes be made by app'.ication

of multiple regression methods involving the mxeasurement of causal effects of

2 or more vjeather factors.

The method of estimating from regression coefficients has already been

explained elsewhere, but some additional explanation may further clarify the

necessary calculations, ass-oraption is, of course, that any estimating

formula that makes it possible co determine most probable values of the

dependent variable that would logically have been expected to be associated

with given independent variables can be used v:ith some degree of safety in

estimating probable future occurrences, vjith the necessary changes beir.g made

in the calculations to obtain the desired measures of correlation and

regression. Fcr example, if our estimates of the acreag^rj of cotton that would

logically have been expected to be harvested annually during the period 190C-

20 are close approximations of the acreages actually harvested the same

formula, v\rith the proper substitutions, can probably be used in estimating

for future years,.

If we correlate prices of 1899 to 1919 with acreages harvested from

plantings in 1900-20, calculate the coo^ffici^nt of regressior, end then m.ake

estimates of acreages harvested that approximate thw actual acreages harvested,

then it might be possible to use the measures of relationship bet'-ieen prices

of 1900-20 and harvested acreages of 1901-21 in estimating the acreage likely

to be harvost jd from plantings of 1922, and so on for oth^r years.

The Estimating Formula

E&ti-.ates frequently raight be improved by taking irto account the

fact that the dependent vari^.ble may not be expected to coincide v:ith th;^

ordinate of the line of calculated trend of r el ".t ionship. To illustrate the
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application of the estimating formula and tlie results obtained thereby,

tables 1-5 are included.

T^.^ble 1 sliovv's index numbtjrs of farm prices, seasonal averr.ge prices

received for cotton by farmers, and deflated seasonal average prices. The

actual prices in column 2 v/ere divided by the corresponding index numbers

in column 1 to obtain the deflated prices in coluian 3.

Toble 2 shows the ccilculations made to determine the coofficiert of

correlation betv/oen production of cotton and seasonal averaf^e prict., and

table 3 shows the calculations iiPde to determine the coefficient of correl-ition

between seasonal average price and acreagi::; harvested from the subsequent

yearns plantingSo As vrill be observed, the coefficients of correlation fire

determined by the method of percentage change of first differences.
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Tablo 1, « Indd::r. numbors of fc^rm prices cmd sor,son"'l aYerige prices per
pound received by fc.rnors for cotton, 19.10-27

' 1 !
3

Yu? -r

Index numb or of
. fiirm prices 1/

Se- .sonal river^ige ;

; '^rice if. cents "ner

: pound roceiTed by
! fr.mers for cotton
: lint _2/

: Deflated se- son:a
* L";-VoT*r f'e "crice ir

, cents per pound re-
I ceiVv^^d by f;- r .iwrs

: for cotton li_.t 'oj

1910 : 102 : 13.95 : 13.58

1911 95 \ 9.60 : 10.11

1912 IOC : 11.49 : 11.49

1913 101 12 , 39

1914. : 101 ;: 7 . 56 7.29

1915 98 \ 11.22 11 . 45

1916 : 118 ; 17.33 14. 69

1917 ; 175 ; 27.12 ; 15 . 50

1918 : 20^- : 28.92 ! 14.32

1 qi q
ml- 'J -t- •/ A 213 ; 35. 41 : 16 . 62

1920 21

1

15.^2 ; 7 . 55

1921 125 : 17.01 13.61

1922 : 132 17.33

1923 : 142 ; 28.69 20.20

1924 143 :: 22.91 : 16.02

1925 ; 156 :\ ly • 59

1926 145 : 12.47 : 8.60

1927 139 20.19 : 14.53
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Table 1 - (continued)

Ij U. S, Departnent of Agriculture, x^^T'icult^ural buCtistics, 1938, tajle

566, xDage 444.

£/ U. Departnent of Agriculture, A^J^icultural Statistics, 1938, table

114, pages 94 and 95.

3_/ Calculated by dividing seasonal average price by tne corresponlin:- inde:

number of farm prices.



t
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Table 2. - Production of cotton in the United States and deflated seasonal
average price per pound received by farmers, 1910-27

' 1
1 i

2
: ;

4 .

<

5
•

6

Yyar
;

Production

Tiiousands
. of bales 1/

! First dif- :

ference, or ;

deviation
frora preced- '<

ing year, in
thousands of
b^les ;

percentage

;

chaiige
;

' (iaQan =

3.0)

Deviation:
of

:

percentage
c-iange

from
: uean

S^iuare ;

of

deviation

Llilt iple

: standard
: deviat ioi

. .^0.87]

: ; :

-
: X

1910 ' 11,609 1 ; .
:

—
:
—

•

1911 : 15,694 : 4,085 35.2 no •

'

: 1036.84 : 1.543

1912 : 13,703 :
- 1,991 :

- 12.7 ;
- 15.7 : £46.49

<

- .752

1913 : 14,153 ; 450 3c3 ;: .3 .09 .014

1914 : 16,112 : 1,959 ; 13.8 . 10.8 : 116.64 • 517

1915 : 11,172 : 4j940 ;
- 30.7 ;

- o3.7 : 1135.69. -1.615

1916 : 11,448 276 : 2.5 : .5 : . <-~< iJ - ,024

1917 : 11,284 164 1 1.4 : 4.4 : 19.36; - .211

1318 J li^,018 ; 734 : 6.5 : v» . ' < 1^.25; .168

1919 : 11,411 607 : 5,1 : ^;.l : 65. Gl: - .288

1920 : 13,429- 2,018 : 17.7 : 14.7 ; 216.09: .704

1921 : 7,945 : 5,484 :
- 40.8 :

- 43.8 : 1918.44: -2.099

1922 : 9,755 1,810 : 22.8 : 19.8 : 392.04. .949

1923 : 10,140 : 385 ; 3.9 ; .9 : .81; .043

1924 ; 13,630 : 3,490 : 34., 4 : 31.4 ; 985.96: 1.505

1925 16,105 : 2,475 18.2 ; 15.2 231.04 .728

1926 : 17,978 ! 1,873 : 11.6 ; 8.6 : 73.96 .412

1927 : 12,956 :
- 5,022 :

- 27.9 :
- 30.9 : 954.81 -1.481

Total ^m w
; 7406.37
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Table 2— Continued

7

•

6
t
•

*
9

•
t

• 10
•
t

• 11
•
•

• 12
t !

Price
Prnd uct

'.

mult iple s

;
of^

' stardard

1
deviation

Deflated
seasonal
averag:e

price in
cents per
pound 2/

: First dif-
: ference, or

: deviation
! from pre-
: ceding, year,
! in cents
: per pound

.Percentage
cnange

. (mean =

7cO)

' Deviation
: of per-
• centage
• change
' from Fiean

' Square
: of
' deviation

. Multiple

;
of

, star dard

, deviation
'. (S,D. -

'. 37,03)

-
:

* M
*

i mm
: - ; y : xy

1 II > II

13.68 5 .

10.11 : - 3.57 : -26.1 : -33.1 : 1095, 61 ! - ,894 .

*i ^ rz r\
: -1.3/9

11.49 ! 1.38 : 13,6 : 6.6 : 43.56 s .173 ? - .134

12.39 ! .90 : 7.8 : ,8 I .64 : ,022

7.29 . - 5.10 : -41o2 ! -43.2 : 2325.24 : -1,302 - 0 6 /3

11.45 I 4.16 : 50,1 : 2510,01 : 1.553 : -2.185

14,69 ; 3.24 I 28.3 : 21.3 : 453.69 : .575 \ - ,014

It, 50 ! ,81 I 5o5 ! - 1.5 : 2 c 25 ! - .041 ! 0 009

14,32 - 1.18 : - 7.6 : -14,6 ! 213.16 ! - ,394 ! - .066

16,62 : 2c30 ; 16.1 ! 9,1 : 82.81 ! .2 46 ! - .095

7.55 ! - 9,07 5 -54.6 I -61.6 : 3794.56 ! -1.664 ; -1.1/1

15. SI : 6a06 1 80,3 1 73,3 ' 5372,89 ! 1.979 : -4.15 4

17.33 : 3 0 7 2 " ^7.7^ : 2 0 «

?

. 412.09 ! . 548 !

r~ 0 1^
e520

C, 9O 1 ! ib 0 u 1

0 C 1V . 0 J 92»16 ! .259 1 .011

16.02 : - ^i,18 1 -2C.7 -27.7 ! 767.29 :
- .748 : -1,126

12,56 : - 3,46 : -21,6 : -<cc 9 0 : 317.96 : - .772 :
- .562

8,60 : - 3.96 : — 0 X • t-* < -38.5 : 1482.25 : -1.040 ! - .428

14.53 : 5.93 ! 69 cO : 62cO : 3844oC0 : 1,674 ! -2.479

Total : 23308.17 : -13.926
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Table 2--Continued

1^/ IT. o* Depart]- ent of A.r^iculture. Agricultural Ststiatics, 1936, table

114, par^ces 94 and 95o Production is in terms of 50C-pound pcros s-i/veiglit baleso
Zj' /.dapted from column 3 of table !•
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standard deviation of production = 20«67

Strndard deviation of price = 37.03

Summation of products of corresponding multiples of

standard deviation = -13.926

Coefficient of correlation (r) = -^SL = ri±l°J6__ „„gi9

Coefficient of re.frression of price on production (b)

^^r 37*03
-- '-•^ 20787

-
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Table 3.- Deflated seasonal averf-ge price in cents per pound r3ceived ty

farmers for cotton lint and acreage of cotton harvested from

subsequent plantings, 1910-27

: 1 : 2 ! 3 4 • <j : 6

: Price

Year

: Deflated
: seasonal
: average
; price in
5 cents per

: poi;nd

• y

: First dif-

! ference, or

! deviation
i from pre-
: coding year,

; in cents
, pur pound

pp v»o p-p -f-p cpfi
J

i. J. W OX- L/C ,

change

' 7oO)

, Deviation
] of

,
pcrcont-

ch an ge
from
Liean

: Square
! "of

! deviation

\
Multiple

!
of

s't'cndard-

\
dcvirtion

' ( o T -

37oC3)

; ! ! X

1910 • 13.68 j : !

1911 : 10,11 ! -5,57 ! -26,1 :
— 0 3 © 1 ! 1095.61 ; - ,894

1912 • 11,49 : 1,38 ; 13c 6 ; 6o 6 1 43 3 56 ; ,178

1913 ! 12,39 s .90 : 7,8 ! : • 64 i ,022

1914 : 7.29 J -5.10 ! -41.2 -^8o2 :: 2323 ;; 24 : -1,302

1915 ! 11.45 !; 4,16 : 57.1 !1 50 .

1

' 2.. 10,01 ; 1,353

1916 J 1^..69 J1 3.24 : 28.3 !* C 1. ^ O 453,69 ,! 0 0 7 5

1917 15,50 J .81 • c r,
9 t 0 U : - 1,5 ; 2c25 ' - ,041

1918 ! 14,32 ;\ -1.18 : - 7.6 : -14,6 • 213,6 i - ,394

1919 16,62 1 2.30 : 16«1 9,1 82.81 : ,246

1920 : 7,55 : -9,07 : -e4c6 -61,6 : 5794.56 ! -1,664

1921 ; 13,61 ! 6.06 ; 80,3 '. 73.3 i, 5372.89 1; 1,979

1922 !

, n 7 "2 ,
! 1 / , «j 0 ' O 0 1 C C I • >J 20.5 i ^n_2.09

1923 . 20,20 I 2-87 16c6 J 9,6 I 92.16 ' ,259

1924 .\ 16.02 ' -4.18 : -20,7 ! "27,7 : 767«29 < - ,748

1925 : 12,56 I -3,46 1 -21.6 -28,6 i 817.96 1
- .772

1926 8c60 -3-96 ! — <j 1 . <J . -38.5 : 1432,25 .! -1,040

1927 14,53 ! 5,93 69 . 0 I 62o0 ; 3644,00 ' 1-674

Total : 23308,17
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Te.blt; 3--Cor^.tinued

7 6 9 : 10 : 11 : 12 13

Acreage harvested

He rvo frh ed

acrea/?e in
thousf rds
of acres
reported
for year
foil owi n p"

sp^-cified

verr 2/

: First dif-
! ference, or
: deviation
: from ore—
: coding item,

: of ceres

\
chr-nge

* (mean =

i 1.7)

. Devi -.t ion

.
percentage

change
from
mean

1
Square

\ deviation

_
J'^ult iple

!
of^

[
str.r dard

] deviation

!
10.0)

Frocii'Ct

!
of

'multiples

;
of

. standard
' deviation

. .

: ' y

34,916

32,557 1 -2,359 !
- 6o8 ! - 8o5 ; 72 <) 25 ! - 850 .; ,760

35,206 1 2, 649 1 8 • 1 ! 6«4 ! 40c 96 : ,640 \ cll4

35,615 : 409 : 1.2 i • ^ • CO - .050 ! - .001

2£,951 : -5,664 ! -15.9 i -17.6 ! 309.76 : -1.760 2 0 <C/ 9 2

33,071 : 3,120 : 10«4 1 8.7 ! 75,69 ! .870 I lcl77

32,245 : - 826 : - 2.5 . - 4.2 : 17.64 ! - .420 !I - ,242

35,058 : 2,793 : 8.7 . 7,0 : "±9 0 00 ! • 700 ! - ,029

32,906 : -2,132 : - 6.1 ! - 7.8 . 60.84 : - .780 : ,307

34,408 J 1,502 ! 4.6 : 2,9 . 8,41 ! .290 ! ,071

28,678 \ -5,730 J -16.7 : -18.4 : 336,56 s -1.340 ! 3.062

31,361 : 2, 683 J 9.4 ! 7,7 ! 59.29 ! .770 ! 1,524

35,550 1 4,189 ! 13.4 : 11.7 ! 136,59 : Iol70 ! .641

Oi:;,00i : 5,951 : lis 1 ; 9 0 4 ! 88.36 : , 940 ! e 2 x3

44,386 s 4, 885 : 12.4 : 10,7 : 114,49 ; 1,070 !
' - .600

44,608 ! 222 : • 5 : - 1.2 s 1.44 J - ,120 : ,093

38,342 : -6,266 ; -14o0 1 -15.7 J 246,49 : -lo570 : 1,633

42,434 : 4,092 : 10.7 : 9c0 : 81,00 : .900 ; 1,507

Total : # 1701,32 J 12,352
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Table 3--Continued

2/ Ade.pted from column 3 of table 1.

2/ U. S. Department of Agriculture. Agricultural Statistics, 1933, table

114, pages 94 and 95. Statistics on acreages harvested are for the years
1911-28; 1911 acreage is paired with 1910 price, 1912 acreage is paired with
1911 price, etc. Statistics on acreage harvested are shcivn for specified
years in columji 1 of table 6.
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Standard deviation of price = 37.03

Standard deviation of acreage = 10.00

Suimnation of products of corresponding multiples of

standard deviation =12.433

Coefficient of correlation (r) = =
-^^'^"^

= .727
n 17

Coefficient of regression of acreage on price (b)

rry . 10.0
I - .727 - .196.
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Estimates of percentage change in price can be aade by naking the

proper substitutions in the formula y = ^ - bioc bx, in which

y = the estimated percentage change in price

j%y = average of percentage changes in price

b = the coefficient of regression of price
on production

X = the percentage change in production from
one year to another

Ax * the average of percentage changes in

production

Estimates of percentage change in price mv-de by use of this formula

are shov^Ti in colurm 2 of table 4. That part of the formula expressed as

Ay - bA^ becomes a constant, to v^hich is added the product of b and x to

obtain the estimate of percentage change in price for a given year.

Column 9 of table 2 shows, in the heading, that the value of Ay, the

average of the percentage changes in price, is 7.0. Tn^ coefficient of

regression is -1.453, and the average of percentage changes in production

is 3,0, The average of the percentage changes in production is shown in

the heading of coluran 3 of table 2, Tue constant is determined by subtract-

ing from 7.0 (which is the value of ) the product of b (which is the

coefficient of regression) and Ax (the average of the percentage changes in

production). Since b, -1.453 is a minus quantity, che product of it «anQ

is added to ny to obtain the constant. 17© therefore, -1.453 times 3.0,

which equals -4,4. "Then -4.4 is subtracted from 7.0 the constant becomes

11.4. Tnc doGired estimates, then, can be made by adding to 11.4 the product

of b and x.

The estimates of percentage changes in price are shown in column 2 of

table 4. C~icuj.c;tiou of the estimate for 1911 vvill be explained to clarify
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the procedure. Coimmi 5 of tij^'ul^i :i shovjs that the production of 1911 vms

35.2 percent greater than the production reported for 1910. The product of

35.2, which is x, and b, v^hich is -1.453, is -51.1. The sum of -51.1 and

11.4, the constant, is -39.7, v/hich is the estimate of the percentage change

in price for 1911.

The cJsstiiue^tiag, foriuulc. not applied in this instance primarily for

the purpose of shovang the extent to xvhich estimates of price changes approxi-

mate actual changes, but rather to illustrate the calculations that are

necessary Vvhen it can be applied advantageously. Ths facts are that in many

instances the estimates in table 4 differ so greatly from the actual changes

that the formula as described is not particularly applicable, indicating that

effects of factors other than production on acreage harvested might need to be

taken into consideration to obtain the desired approximations of estimated

price changes. Hov^ever, the calculations illustrate the substitutions that

are to be made in the formula when it is used.

In table 2, production and price of the same year have been correlated,

the assumption being that some indication of the probable size of the crop

will be available before any considerable part of it has been ginned. Some

improvement in the estimates might be made by correlating production with the

average of prices for the months during which farmers market most of their

crop. A suggestion to the instructor is that students be assigned to make the

estimates by correlating production v^ith prices of September, October,

November, and December and then proceeding by the method described. A further

suggestion is that undeflated prices be used also in determining the relation-

ship between production and price in order to furnish a comparison between

estimates obtainable by calculations into which deflated prices enter.
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Table 4.- Actual and estimated percentage change in deflated seasonal
average price of cotton, 1911-27

'. 1 2

; change jL/^ ; change 2_/

; percent Percent

1911 : - 26.1 : - 39.7

1912 : 13.6 ;: 29.9

1913 : 7.8 !; 6.6

1914 : - 41.2 ;: - 8.7

1915 : 57.1 ; 56. 0

1916 : 28,3 - ;: 7.8

1917 ; 5.5 ;: 15.4

1918 ; 7.6 1 ' 2.0

1919 ;: 16.1 1 18.8

1920 : - 54.6 :
- 14.3

1921 I 80.3 ; 70. 7

1922 27.3 ;: - 21.7

1923 : 16.6 : 5.7

1924 : - 20.7 :! - 38 .

6

1925 : - 21.6 - 15.0

1926 :: - 31.5 ;
- 5.5.

1927 : 69.0 : 51.9

Average 7.0 : 7.0

1/ Adapted from column 9 of table 2.

_2/ Calculated by the formula y = /^y _ bAx f bx, in which y = the estimated
percentage change in price; ^.y, the average of percentage changes in price;
b, the coefficient of regression of price on production; x, the percentage
change in production; and the average of percentage changes in production.
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Column 1 of table 5 shows the actual percentage changes in acreage

o:;"" cotton harvested, whereas column 2 shows the estimated percentage changes.

The estimates were made by making the proper substitutions in the formula

y = Ay - bA:v -j- bx, in which

y = the estimated percentage change in acreage
harvested

Ay = the average of percentage changes in acreage
harvested

b = the coefficient of regression of acreage on

price

X = the percentage change in price from one year
to another

sxK - the average of percentage changes in price.

The constant in the formula is ^y - bi^ic, to which is added the

product of b and x. The value of Ay is 1.7, shown in the heading of column

9 of table "3
; the value of b is .196; and the value of Ax is 7.0. To

obtain the value of the constant we subtract from 1.7 the product of .195

and 7.0, which leaves ,3. Estimates in column 2 of table 5 can now be made

by adding to ,'6 the product of b and x. The calculations will be illustrated

by making the estimate for 1912.

Table 3 shows that the price for 1911 was 26.1 percent less than the

price for 1910. The product of -26.1 and .196 is -5.1. The sum of -5.1 and

.3, the constant, is -4.8, the estimated percentage change in acreage for

1912, Estim.ated percentage changes in acreages harvested from plantings of

other years are determined in the same manner, by making the proper sub-

stitutions in the formula.

In this instance also the primary purpose of making the estimates is

not to show how close the actual changes in acreage harvested can be approx-

imated by use of the formula, but rather to illustrate the. procedui-e.
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Table 5,- Actual and estimated percentage change in acreage of cotton
harvested in the United States, 1912-28

1 : 2

Year
: Actual percentage ;

: change Yj \

Estinated percentage
change

; Percent ; percent

1912 -6.8 : -4.8

1913 : 8.1 : 3.0

1914 ; 1.2 : 1.8

1915 : -15.9 : -7,8

1916 : 10.4 : 11.5

1917 ; 5.8

1918 : 8.7 ! 1.4

1919 : -6.1 ;
-1.2

1920 ; 4.6 J 3.5

1921 -16.7 : -10.4

1922 ;: 9.4 : 16.0

13.4 ; b , 7

1 -L. J. . J. I

1925 : 12.4 : -3.8

1926 :: .5 : -3.9

1927 : -14.0 :
— 5.9

1928 : 10.7 13.6

i^verage 1.7 1.7

1/ Adapted from column 9 of table 3. See footnote 2 of that table.

Statistics on acreage harvested are shouTx in column 1 of table 6.
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Ratio Method of Estimating \J

In some instances it might be possible to make fairly dependable

estimates by the ratio method, thus obviating the necessity of calculating

the coefficient of correlation and the coefficient of regression. By the

ratio method it is only necessary to express the independent variables in

terms of ratios, obtain their product, and then multiply the product by the

magnitude of the dependent variable preceding the magnitude to be estimated.

To illustrate the procedure, estimates of cotton production in the

United States will be made for the period 1900-36. In order to clarify the

computations all of the statistical information used is included.

Table 6 shov:s statistics on the acreage and production of cotton for

the period 1891-1936, The annual average yield of lint cotton per acre is

shown by the statistics in column 1 of table 7, and 9-year average yields

are shown in column 2 of that table. These 9-year aversige yields v;ere

calculated from table 6. Statistics on the actual production of lint cotton

are shown in table 8, Yield ratios are shovm in column 1 of table 9. These

ratios were calculated by dividing the 9-year average yields per acre in

column 2 of table 7 by the annual average yields per acre in column 1 of that

table. Acreage ratios are shown in column 2 of table 9. These ratios were

calculated by dividing the acreages of specified years by acreages of

!_/ Aciaiowledgment is made of suggestions received from Bradford B. Smith of
the Cleveland Trust Company, Cleveland, Ohio, formerly associated with
the United States Department of Agriculture,
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preceding years, as explained in footnote 2 of table 9. Tables 10 and

11 show statistics on actual production, tlie estimates of production, and

the extent to which estimated production differs from actual. Footnote 2

of table 10 explains the procedure by which the estimates in that table

were made, and footnote 3 of table 11 explains how the estimate's in that

table were made.
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Table 6.- Acreage and production of cotton in the United States,
1891-1936

1 : 2

XtJciX . i^crc-agc ndrvesTiea. . jrToci.ucxion oi ±inii

: cotton 1./

i 1,000 acres • 1,000 bales

pi Rp.rt
. ^J-

J
ouo • Q P'^R

. D , /UU

• <-j\J , i£j OO

1 RQ4- ?1 RRfi

7 1 fi?

1896 2.7^ 2[^0 R 533

1897 10 RQQ

1898 24 715 11 ?7R

1899 24 1 63

1900 24 RRfi 1 n 1 P4
1 XvJ , j.<iirr

"I QOl q "^DR

1902 f , <J O i <

. IDA ''^n
( XU , O 0\j

1 QOS P 7 7 < q RRiy , oOX

1 Qfi-d- 'X 17 VJrt 1

'xr\ n77 • XO, 4tOo

XU , D /

O

X17UD I
AHA XO, <i f 'it

19C7 ; 30,729 : 11,106

1908 ; 31,091 : 13,241

19f39 : 30,555 : 10,005

1910 : 31,508 : 11,609

Kai : 34,916 : 15,694
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Table 6.- Corxtinued

: 1

Year : Acreage harvested
: .1/

Production of lint
cotton Xl

: 1,000 acres : 1,000 bales

1912 ; 32^557 ; 13,703

1913 : 35,206 : 14,153

1914 : 35,615 : 16,112

1915 : 29,951 : 11,172

1916 : • 33,071 :: 11,448

1917 : 32,245 : 11,284

1918 : 35,038 : 12,013

1919 : 32,906 : 11,411

1920 : 34,408 : 13,429

1921 : 28,578 : 7,945

1922 : . 31,361 : 9,755

1923 : 35,530 : 10,140

1924 : 39,501 13,630

1925 : 44,386 ; 16,105

1926 ;: 44,608 17,?78

1927 38 , 342 12,956

1928 :: 42,434 ; 14,477

1929 : 14,825

1930 : 42 , 444 ;; 13,932

1931 •
; 38,704 : 17,097

1932 : 35,891 : 13,003

1933 ; 29,383 : 13,047
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Table 5.- Continued

: 1 : 2

Year Acreage harvested
; 1/

Production of lint

cotton J./

; 1,000 acres :: 1,000 bales

1934 ;: 26,866 :: 9,636

19.^5 : 27,640 : 10,638

1936 ;: 30,028 :! 12,399

ij U. b, Departnent of Agriculture, ^ricultural Statistics,
1938, table 114, pages 94 and 95. Production is in terins

of running bales for the years 1891-98, and in terns of
500-po^and gross-weight bales for the years 1899-1936.





- 25 -

Table 7.- Annual and 9-year average yield of cotton lint per
acre in the United States, 1899-1936

. i-
» O
»

: Annual average

1 yiexQ 01

: lint cotton
. per acre j./

; Average yield of lint
; coobon per acre lor t*—year
: period ending v/ith specified
: year _£/

5 Pounds : Pounds

1899 : 185.0 : 192

1900 : 194.7 : 192

1901 : 168.2 : 191

1902 : 184.7 : 191

1903 : 169.9 : 186

1904 : 213.7 : 191

1905 : 182.3 : 191

1906 : 202.3 : 191

1907 172.9 : 186

1908 : 203.8 ;; 188

1909 : 156.5 : 184

1910 176.2 :: 185

1911 : 215.0 ;: 189

1912 :: 201.4 ;: 192

1913 ;: 192.3 : 190

1914 ; 216.4 ; 194

1915 ; 178.5 : 191

1916 : 165.6 : 190

1917 ; 167.4 : 186

1918 : 164.1 : 187





Table 7.- Continued
Year : 1 : 2

: Pounds ; Pounds

1919 : 165.9 : 185

192C : 186.7 : 182

1921 ; 132,5 i 175

1922 : 148.8 : 170

1923 : 136.4 : 161

1924 : 165.0 : 160

1925 173.5 161

1926 192 .

9

: 165

1927 : 161.7 : 164

1928 163.3 ; 164

1929 164.2 ; 162

1930 ; 157.1 ; 164

1931 : 211.5 : 170

1932 ; 173.5 : 173

1933 : 212.7 ; 177

1934 : 171.6 : 177

1935 ; 184.2 : 176

1936 ; 197.6 ; 180

]./ U. S, Department of Agriculture, Agricultural Statis-
tics, 1938, table 114, pages 94 and 95.

2/ Calculated from table 6. Average yields per acre in
parts of bales converted to average yields in pounds on
tbe basis of 478 pounds, net, of lint per bale.





Table 8.-^ I"^oduction of cotton in the United States, 1899-1936

Year ; Product ioi
'

of Tint cotton ^/

: 1 ,000 bales

1899 : 9,346

1900 : 10,124

1901 : 9,508

1902 : 10,630

1903 : 9,851

1904 : 13,438

1905 : 10,576

1906 : 13,274

1907 : 11,106

1908 : 13,241

1909 : 10,005

1910 : 11,609

1911 : 15,694

1912 : 13,703

1913 : 14,153

1914 : 16,112

1915 : 11,172

1916 ; 11,443

1917 ; 11,284

1918 : 12,018

1919 : 11,411

1920 : 13,429





Table 8.- Continued
jrrO OxL C b 1 on 0 1 ± J. li L- C U 0 U UXi JL/

1,000 bales

1921 : 7,945

1922 ;; 9,755

1923 ;: 10,140

1924 I 13,630

1925 : 16,105

1926 ; 17,978

1927 12,956

1928 :: 14,477

1929 : 14,825

1930 ; 13,932

1931 ; 17,097

1932 :: 13,003

1933 ; 13,047

. 1934 : 9,636

1935 ; 10,638

-1. 1^ <^ O I 12,399

1/ U. S. Department of /^riculture. A^^ricultural Statistics,
1938, table 114, pages 94 and 95. Production is in terms
of 500-pound gross-vjeight bales.
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Table 9.- Yield and acreage ratios, 1899-1935

Year ; Yield ratio 1/ ; Acreage ratio 2_/

1899 ; 1.038 : .978

1900 ;: .986 :: 1.030

1901 : 1.136 . 1.087

1902 1.034 : 1.019

1903 :: 1.095 : 1.007

1904 .894 1.083

1905 ; 1.048 .923

1906 : .944 : 1.132

1907 ; 1.076 : .979

1908 ; .922 : 1,012

1909 1.176 : .983

1910 : 1.050 1.031

1911 :; ,879 1.108

1912 .953 : .932

1913 .988 : 1.081

1914 .896 1.012

1915 : 1.070 ; .841

1916 : 1.147 1.104

1 J. . J. -Li.

1918 : 1.140 : 1.087

1919 : 1.115 : .939

1920 : .975 : 1.046

1921 : 1.321 ; ,833
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Table 9.- Continued
Year : Yield ratio }J Acreage ratio _2/

1922 1.142 1.094

1923 : 1.180 : 1.134

1924 : .970 : 1.111

1925 1 .928 ; 1.124

1926 .855 ; 1.005

1927 : 1.014 : .860

1928 ; 1.004 ;: 1.107

1929 : .987 ; 1.019

1930 : 1.044 : .982
,

1931 : .804 : .912

1932 ; .997 : .927

1933 : .832 ; .819

1934 : 1.031 ; .914

1935 : .955 : 1.029

1936 J .911 : 1.086

\J Nine-year average yield in coluron 2 of table 7 divided by
annual average yield in coluian 1 of table 7,

2j Acreage of specified year in table 6 divided by acreage
of preceding year.
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Table 10.- Actual and estimated production of cotton in the

United States, 1899-1936

: 1 : 2 : 3

Year
Actual

: production
: of lint 1/

: Estimated
: production
: of lint 2_/

: Sxtent to which esti-

: mated production deviates
from actual production

: 1,000 bales : 1,000 bales : 1,000 bales

1899 : 9 , 346 : :
-

1900 : 10,124 : 9 , 488 : - 636

1901 : 9 , 508 : 10,282 : 774

1902 : 10,630 : 11,741 ; 1,111

1903 9,851 11,200 : 1,349

1904 : 13,438 : 10,862 : -2,576

1905 10,576 : 13,011 : 2 , 435

1906 13,274 : 10,230 ; -3,044

1907 : 11,106 : 14,185 3,079

1908 : 13,241 ; 11,699 -1,542

1909 : 10,005 : 12 , 355 , 2,350

1910 : 11,609 : 11,566 : 43

1911 : 15,694 : 12,567 : -3,127

1912 : 13,703 : 15,285 : 1,582

1913 : 14,153 : 12,171 : -1,982

1914 : 16,112 : 15,116 : - 996

1915 : 11,172 : 14,610 : 3,438

1916 : 11,448 : 10,053 : -1,395

1917 : 11,284 : 14,496 : 3,212

1918 : 12,018 : 12,223 : 205





Table 10.- Continued
Year : 1 2 : 3

1,000 bales ; I5OOO bales 1,000 bales

1919 11,411 ; 14,892 3,481

1920 : 13,429 11,947 -1,482

1921 : 7,945 ; 13,696 5,751

1922 - 9,755 ; 8,743 -1,012

1923 ; 10,140 : 12,187 : 2,047

1924 : 13,630 ; 13,569 : - 61

1925 16,105 : 14,689 : -1,416

1926 . 17,978 : 16,799 : -1,179

1927 : 12,956 : 15,448 : 2,492

1928 : 14,477 : 11,298 : -3,179

1929 . 14,825 ; 16,090 : 1,265

1930 13,932 : 14,910 : 978

1931 ; 17,097 ; 14,283 : -2,814

1932 13,003 ; 12,536 : - 467

1933 13,047 ; 12,018 : -1,029

1934 . 9,636 : 8,890 - 746

1935 . 10,638 9,080 -1,558

1936 , 12,399 ; 10,454 : -1,945

Average 22

\J U. S, Department of i^riculture. Agricultural Statistics, 1933,
table 114, pages 94 and 95. Production is in terms of 500-pound
gross-weight bales.

£/ Production of preceding year times the product of yield and acre
ratios in table 9. For example, production of 1899 is multiplied
by the product of the yield and acreage ratios shovm opposite 1899
in table 9 to obtain the estimate of production for 1900.
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Table 11. ~ Actual and estimated production of cotton in the United
States, 1899-1936

1 : 2 : 3 4

Year

[Average production
:for 3-year period
lending with speci-
.fied year 1/

. Production
of lint

2/ :

, Estimated
. production
of lint ^/

Extent to which
.estimated production
deviates from actual
production

; 1,000 bales : 1,000 bales : 1,000 bales 1,000 bales

Toon
', 10,508 9 , 346

1900 : io,<i4y 10,124 : 10 , bb / 54o

1901 y,Doy ; y , 508 • T A yi C\C\
\ 10,409 ; 901

XyOtC- 10 , 08

/

; io,ooo : 11,92/ 1 1 o or?
; 1,29/

190o y , y yb ; 9,851 ; 10,b*i8 / / /

T Qn/iiy04t , 11 , oOo 1 lo,4o8 : -2,'ilb

lyoo 11 , 2oo 10, 5 /b ; io,y4b o / O

lyob 12,429 ; 13,274 10,919 -2 , o55

1907 , 11 , 652 : 11,106 2,17o

1908 12 , 540 ; 13, 241 12,274 ; 9b7

1909 . 11 , 451 10,005 11, 701 1, 696

1910 , 11,618 : 11, 609 13,257 1, 628

1911 ; 12, 436 15, 694 12,577 -3, 117

191^i . 13, 669 13, 703 12,112 -1, 591

1913 14,517 14,153 12 , 141 . -2,012

1914 . 14, 656 16,112 15,505 :
- 607

1915 : 13,812 11,172 : 13,289 . 2,117

1916 12,911 ; 11,448 12,429 : 981

1917 ; 11,301 11,284 ; 16,349 : 5,065



r
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Table 11.- Continued
Year : i : 2 ; 3 4

: 1,000 bales : 1,000 bales : 1,000 bales : 1,000 bales

1918 : 11,583 : 12,018 : 12,242 : 224.

1919 : 11,571 : 11,^11 : 14,353 : 2 , 942

1920 : 12,286 : 13,429 : 12,115 : -1,314

1921 : 10,928 ; 7,945 :- 12,530 : 4,585

1922 10,376 ; 9,755 : 12,025 : 2,270

1923 : 9,280 : 10\ 140 12,963 : 2,823

1924 : 11,175 •
. 13,630 : 12,418 : -1,212

1925 13,292 : 16,105 : 12,043 : -4,062

1926 , 15,904 :: 17,978 ; 13,865 : -4,113

1927 ; 15,680 ;: 12,956 : 13,666 : 710

1928 : 15,157 : 14,477 13,674 : - 803

1929 14,086 14,825 16,824 : 1,999

1930 : 14,411 : 13,932 : 14,167 : 235

1931 15,285 ; 17,097 14,774 —^ , 32o

1932 . 14,677 13,003 ; 11,208 : -1,795

1933 14,382 : 13,047 13,565 ; 518

1934 ; 11,895 : 9,636 9,800 : 164

1935 : 11,107 : 10,638 : 11,209
,

: 571

1936 : 10,891 : 12,399 : 10,915 : -1,484

Average : 65
1/ C-^^lculated from table 6.

£/ Adapted fron table 6.

3_/ Tnree-year average production in colrnnn 1 tizies the product of yield
and acreage ratios in table 9. For exanple, 3-year average production
shown opposite 1899 is multiplied by the product of yield and acreage
ratios shot/m. opposite 1899 in table 9 to obtain the estimate of
production for 1900.





G-overnnent Forecasts of Cotton Production

Among tiie forecasts made by the United States Department of

Agriculture are those on the cotton crop. Information on the making

of these estimates is contained in United States Department of

Agriculture Miscellaneous Publication Number 171, published in November,

1933, Table 12 is included to provide a comparison between the

G-overnment ' s forecasts of the size of the cotton crop and the actual

size of the crop as officially reported by the Bureau of the Census.



i
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Table 12,- Goveriment forecasts and estimates of the cotton crop
and size of the crop as officially reported after the
end of the ginning season, 191o-57

: Forecast ; ji..tiiiLate actual
; of

: July 25

: ^^s of

: jnjiicr, 25
: ks of

. Se:t, 25

: rvS of

Oct. <j D

: as of

Dec. 1 1/

: ginnings
2/

: 1,000 ba:.es : 1,000 bales 1,000 bale s : 1,000 bales :1,000 bales

1915 : 11,876 : 11,597 : 10,950 : : 11,161 : 11,192

1916 : 12,916 : 11,800 : 11,637 :
-

. 11,511 11 , 450

1917 : 11,949 : 12,499 : 12,047 : : 10,949 : 11,302

1918 • 13,619 : 11,137 : 11,818 ;
—

: 11,700 : 12,041

1919 : 11,016 : 11,230 . 10,69 6 :
-

: .1,030 11,421

1920 : ia,519 . 12,783 : 12,123 :
' 12,987 : 13,440

1921 : 8,203 . 7,037 ; 6,537 : : 8,340 : 7,954

1922 . 11,447 : 10,575 : 10,135 : : 9,964 : 9,762

1923 11,517 : 10,788 : 11,015 : 10,248 : 10,081 : 10 , 140
rtS of

. ^ug. 1

, ^s of

. Sept. 1

As of
' Oct. 1

: ^s of

: Nov. 1

*-*s of

: Doc. 1

: ixtual
: ginnings

1924 12,351 . 12,787 . 12,499 : 12,816 . 13,153 13,623

192 5 13,566 13,740 14,759 : 15,386 . 15,603 : 15,104

1926 15,621 : 15,166 . 16,627 17,918 18,613 17,977

1927 ; 13,492 l<c , b /o 12,vS42 12,789 12,956

1928 14,291 : 14,439 : 15, 293 -l4 , lo3 1 14,373 14,478

15,543 : 14,825 : 14,915 : 15,009 : 1^ , Oft 0

1930 : 14,362 14,340 : 14, -486 : 14,438 : 14,243 : 13,932

1931 : 15,584 : 15,685 : 16,284 : 16,903 : 16,918 : 17,096

1932 : 11,306 ; 11,310 : 11,-25 : 11,947 ; 12,727 : 13,002

1933 : 12,314 : 12,414 : 12,865 13,100 : 13,177 : 13,047

1934 : 9,195 : 9,252 : 9,443 : 9,634 : 9,731 : 9,637
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Table 12.- Continued

Year

: Forecast V Estimate
as of ;

Lee. 1 1_/

i-;.ctual

ginnings

2/

. of

. Aug. 1

. i^S of

: Sept. 1 ;

, ^xB of
Oct. 1 :

iaS of
Nov. 1

: 1 , 000 bales : 1,000 bales : 1,000 bales : 1,000 bales 1,000 bales 1.000 bales

1955 11,798 : 11,489 11,464 ; 11,141 . 10,734 10,638

1936 : 12,461 . 11,121 . 11,609 12,400 12,407 12,399

1937 ; 15,593 16,098 17,573 : 18,243 18,746 18,945

1/ statistics assembled from a nineographed report of the United States
Department of i^griculture dated June 15, 1938, and entitled "Comparison
of Cotton Forecasts, Estimates, ?.nd Final G-innings." Forecasts and
estimates are in terms of 500-pound gross-vjeight bales.

_2/ U. S, Department of Commerce, Bureau of the Census. Bulletin 175,
table 3, page 4. Girjiiings are in term.s of 500-pound gross-v/eight bales.





standard ILrror of Estimate

Frequently when estinates are riade it is desirable to raeasnre t]ie

degree of approacti to absolute accuracy in order to evaluate the estimating

procedure. In using the forecasting formula herein described the approach

to accuracy in the estimates is generally expected to vary in accordance

vjith the magnitude of the coefficient of correlation, but this is not always

the case because in determining the coefficient of regression the standard

deviations have an effect. Furthermore, abnormal J.^/- large or small items in

either of the series correlated may so greatly affect thw coefficient of

correlation that the calculated measure of correlation is not a true

indication of n'jrmal cause and effect relationships. This is a circumstance

that often must be reckoned ivith in correlation i;roGedure, and formulas in

which the coefficient of regression is used might sometimes be unsf.tisf '.ictory

for estimating purposes in spite of any magnitude of the coefficient of

correlation that might be obtained from the analysis of relationships.

The standard error of estimate is merely a numerical qur.ntity that

serves as an indication of the dep-jndability of the estimated values. It

is calculated by extracting the square root of the me:;.n-square-deviat ion

of estimated values from actual values, Slrst, thj duvi-.tions of estimated

values from actual values are determined. Then these deviations are squ'".red,

the products are sunimated, the sum is divided by the number of deviations,

and the square root of the quotient is extracted. T-ie stand-ird error so

calcul-ited is generally interpreted as an indic^-tion that if a distance

equal to the standard error is measured from both sides of the <'..rithm^:^tic

mean of estimates about 68.26 percent of all the estimated values will be

included. Of course, this is not necessarily true any more thcin a distance



i

I

I

i

I



- 39 -

eau'-.l to the standard duvi'-tion measured from both sides of the arithmetic

meun of distributions that r.re not norm?.! v/ill include about 68.25 percent

of all the items. It is commonly st ted that when the st'ind-ird error of

estimate is greatc;r th--n the standard deviation of actu-d values the esti-

mating formula cannot be relied upon.

V/hen actual values are correlated with estim'-ted values it should

be possible to obtain a coefficient of correlation of about the sr^ie

magnitude as the coefficient of correlation used in constructing the esti-

mating formula. That is, all or most of the ori.^^.inal coefficient of

correlation should be recovered when actual values are correlated with

estimated values.

Coefficient of Alienation

The coefficient of alienation is a measure of the absence of

correlation just as the coefficient of correlation measures the presence of

correlation. It is determined by comparing the standard error of estimate

(or the standard deviation of the differences beti/een estimated and actual

values) with the standard deviation of actual values.

The coefficient of alienation can be calculated by dividing the

standard error of estimate by the standard deviation of the actual values.

If v^e divide the square of the standard error of estimate by the square of

the standard deviation of actual values v/e obtain the coefficient of non-

determination, or the square of the coefficient of alienation. For example,

let us assume that the square of the standard error of -^stimate is 9 and that

square of the
thj^ standard deviation of the actual values is 16. The quotient obtained

by dividing 9 by 16 is .56S5, the coefficient of non- determination, or the

square of the coefficient of alinenation. The square root of .5625 is .75,
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which is tho coefficient of r^lienation. The coefficient of alienation is

obtainable also by dividing the standard error of estimate (so^uare root of

9) by the standard deviation of actual values (square root of 16).

The coefficient of determination is the square of the coefficient

of correlation.

M
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