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INTRODUCTION 

The purpose of this thesis is to investi gate the practicability 

of forecasting temperatures for the spring and summer snowmelt-runoff 

season. A successful temperature forecast for Logan, Utah, would be 

useful in studies of Logan River streamflow, as well as other related 

applications. 

Logan, Utah, is situated in a region where the snow accumulates 

during the winter and early spring at high altitudes and remains until 

the proper sequence of meteorological events provides the thermodynamic 

conditions essential for melting. Snow surveys provide an index to the 

water available on a watershed. Temperature conditions during the melt 

period largely determine the available water yield. Therefore, a temp

erature forecast is needed, along with results f rom the snow surveys, 

to predict the time, rate, and volume of streamflow from snowmelt. 

From the results of a temperature forecast, snow surveys, precipi

tation records, a nd streamflow data, the probable shape of the stream

now hydrograph for a watershed can be predicted. A predicted hydro

graph would allow time for planning to obtain more efficient use of 

water for power, irrigation, and other uses. Also, in some areas the 

information on expected streamflow may be helpful in pl anning the opera

tion of multiple- purpose reservoirs or for the prediction of flood or 

drought conditions . 

Since temperatures during the snowmelt season are an exc~llent 

index of snowmelt conditions, this thesis concentrates on the derivation 
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of a satisfactory temperature forecasting procedure for April, May, 

and June. Also, a forecast is made of monthly summer temperatures. 

Objectives 

The major objectives of this study are: 

1. To derive an economical, f ast, and efficient temperature f ore
casting procedure for the snowmelt-runoff season. 

2. To estimate the reliability of the forecast. 
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REVIEW OF LI'IERATURE 

SnOWJilel t index 

Much has been written concerning the many factors which contribute 

to snowmelt, but from a practical point of _view, the follow:i~ quota

tion shows the utility of temperature as a snowmelt irrlex (17, p.l93): 

Temperature was used because it was generally thought to be 
the best index ·or the heat transfer processes associated 
with snowmelt and because it was (and in many cases will con
tinue to be) the only reliable and regularly available meteoro
logical variable. 

Likewise, Riesbol (13, p. 596) states: "For practical application, 

however, the temperature of the air seems to be the most significant 

single index of melting conditions." In view of such statements, air 

temperature is assumed to be a satisfactory index of snowmelt. 

The choi ce remains as to the most representative snowmelt itrlex 

among maximum, minimum, and average daily temperatures. Gay (7) 

suggests preference for maximum daily temperature over minimum or mean 

daily temperatures. There may be some bene fit from using a combination 

of maximum and minimum temperatures, but the computations are more di.ffi-

cult and of doubtful value (17). Maximum daily ten;>eratures have been 

selected as the snowmelt index for this study. 

Weather f orecasting 

Temperature forecasting may be considered a part of long-range 

weather forecasting; therefore, the following discussion will deal 

mainly with the more broad field of long-range weather forecasti ng. 

As indicated by Ezekiel (5), weather f orecasting, l i ke any otmr 

forecas t , is hazardous for the future can never be perfectly known. 
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In everyday life, estimates of future conditions are usually based on 

hunches, waves of opinion, recent happenings, rule-of-thumb analyses, 

or even blind guess~work. But, to be useful, all that is required is 

that a forecast method be more reliable, on the average, than past 

methodso 

Accurate long-range weather forecasts have ccnsiderable value; 

therefore, many forecasting methods have been attempted. According 

to the observations of Lester (10), numerous of these forecasts have 

been based on plant, animal, bird, or insect traits. Also, Hewson (8) 

indicates that much consideration has been given to the position of the 

moon as an indicator of future weather conditions, even though such 

considerations lack substantiation by fact. 

Tuming to more scientific weather forecasting, Byers (3) suggests 

that 3 main approaches are used: (1) the statistical approach, (2) the 

geophysical or cosnrlc approach, and (3) the meteorological approach. 

This classification seems to agree with the writing of McNish (11). 

Each approach is briefly discussed in this order. 

The statistical approach is applied in various ways, but is 

generally based on so called "persistence forecasts" or the tendency of 

weather to continue along certain patterns. This approach depends 

upon the better than chance correlaticn of weather conditions during 

one period with weather condi tions during the following period (2). 

The procedure generally employed to discover such correlations is to 

select elements which suggest a relati onship and then to measure the 

su:::cess by statistical means (ll). Gay (7) has studied the relation

ship between temperature conditions before and during the snowmelt 
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season. Koelzer and Ford (9) have used temperature conditions 

preceding snowmelt as an index to improve multiple correlation results 

in snowmelt-runoff studies. Correlation studies, conducted for a 

large number of meteorological series, show that variations in some 

aeries are followed by corresponding variations in other series. From 

results of these studies, forecasts were made for summer rainfall in 

India, Australia, and South Africa (2). A similar procedure was used 

by Schell (15) to predict the winter precipitation in Montana. 

The geophysical or cosmic approach is used to relate temperature 

and other weather elements with phenomena kn~ to influence the 

weather. Some investigators claim that a correlati on exists between 

energy output of the sun and the world weather. At present, however, 

this method has not proven to be of great value (8). Studies of other 

phenomena, such as ocean currents, extent of the polar ice cap, and sea-

water temperatures produce successful results in some regions (3). 

The meteorological approach is probably more extensive and more -

widely accepted than any other approach. Generally, it is highly 

scientific and requires an understanding of large-scale air movement, 

as well as data on world-wide meteorological conditions. As early as 

1920, a Russian bureau called "The Institute of Long-Range Weather 

Forecasts" issued forecasts for 10 days to 3 months in advance, and 

after 1932 forecasts were issued as much as 5 months in advance. The 

general basis for this system of forecasting is explained by Schell 

(14, p. 142): 

In sub-polar regions are found strong accum·ll.a tions of 
heavy cold air. For reasons as yet not complete~ understood, 
lumps or masses of air seJ:B.rate fran these regions every now 



and then. If one can determine the places frm which t~se 
air-masses or "tongues" of air start arxi the paths along which 
they travel, one can naturally draw coiTesponding conclusions 
regarding the weather in regions over which these air-masses 
travel. One can also draw conclusions regarding the weather 
in adjoining regions, since the weather in the latter is deter
mined to a large extent by that in the region occupied by the 
air-masses. 

6 

Si.Jnilarly, Van Omum (16, p. 5) states, "Long range weather forecasting 

(for the Northem Hemisphere) is basically a study of these two air cur

rents, the westerlies and the polar outbreaks." Also he says (p. 4), 

"It turns out that changes in airflow half way around the earth can 

very definitely affect our weather within a week, and may continue 

to do so f or several months." 

With due respect for the advancements made in the field of long-

range weather forecasting, further research is necessary to arrive at 

an acceptable procedure which can be easily understood and applied to 

all regions. 

A. E. Chard* says of a weather forecast used in 1956, "The over-

all forecast for the )-months period was fairly accurate but weather 

variation for days and weeks during the period were often i naccurately 

forecast." The present use of lon'g-range weather forecasts as an aid 

in runoff forecasting is further explained by Chard (4). 

* A. E. Chard, Development Engineer, Powell River Company Limited, 
Powell River, British Columbia, Canada. The use of a 3 months 
weather forecast has been explained in correspondence with Mr. Chard. 
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PROCEDURE 

Selection of forecasting method 

As previously discussed, long-range temperature forecasting is 

approached by statistical, geophysical, ormeteorological methods. 

Some of the more important factors which have determined the approach 

to be used in this stuey are: 

(1) The geophysical or cosmic approach has not proven of great 
value in long-range forecasting. 

(2) The effective use of the meteorological approach requires 
an understanding of the mechanics and thermodynamics of 
large-scale air-mass movement beyond the scope of this 
particular study. 

(3) The meteorological approach is not fully developed for all 
regions and all seasons of the year. 

(4) Improvement of an existing statistical method, utilizing 
readily available data, shows promise. 

The more simple statistical approach is used in this study. The ap-

parent success of a statistical forecasting procedure, based on the 

persistence tendency of the weather, developed by Robert w. Gay* fur

ther supports this method (7). Although a statistical approach may 

not predict the day-to-day temperature sequence accurately, it does 

offer the opportunity to tell whether the temperatures are going to 

be above or below normal. 

Source of data --
The dally maximum temperature data for this study were taken 

* Robert ~1. Gay was Hydrologist for the Bureau of Reclamation at 
Boise, Idaho, until his death in May, 1953. CorresJXlndence from 
the Boise office, dated August 31, 1956, is written, ''l-Ie use sone 
of his procedures in present operations. No further research on 
this problem has been done." 
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from Weather Bureau publications under the title 11 Climatological Data 

for Utah." The Logan Weather Station temperature data were tabulated 

for the years of 1923 to 1956 (snow rurvey records begin in 1924 for 

t he area) and checked for errors. Missing data were provided by 

comparing temperature trepds at Logan with temperature trends at nearby 

stations. After the tabulations of the temperature data were checked 

and missing data filled in (table 1) 1 the entire record was transferred 

into punoh cards to facilitate computation by IBM accounting machines. 

General multiple linear regression 

MulUple linear regression methods are used to r elate antecedent 

temperatures to temperatures for the following snowmel t-ru.noff period. 

The general form of the r egression equation is (12, 6): 

Y • bo + ~ xl + b2 x2 + • • • + bn ~ 

in which 

Y • An average daily maximum temperature for a designated 
period of the snowmelt-runoff season. 

(1) 

X•s e Average daily maxirnwn temperatures, or some function 
of them, for designated periods preceding the snowmelt
runoff season. 

b0 • A constant (Y intercept). 

~~ b2 1 ••• bn • The regression coefficients relating 
X and Y terms. 

To develop systems of independent (X) variables in equation (1), 

to represent the temperatures during the period preceding snowrnel t, 4 

methods are used (figure 1). The antecedent time interval is arbi

trarily set to include the 180-day period ending March 16 to allow time 

for the preparation of temperature forecasts prior to the preparation 

of runoff forecasts on April 1. The 4 methods of select ing the· 



9 

independent variabl es are designated Methods I, II, III, and IV. ~ch 

of these methods is briefly discussed. 

Method I is based on an o;rthogonal polynomial procedure. Dally 

temperature measurements are equally spaced in time; therefore, a 

convenient rethod of fitting the time-temperature curve is by the 

application of orthogonal polynomials.* In this regression procedure 

the orthogonal polynomials are so constructed that any term of the 

polynomial is imependent of all other terms. The fonn of the orthogonal 

polynomial equation is: 
I 

y • Ao + A1~1 (2) 

where 

Y • Dependent variable(2-day sums of maximum daily tempera
tures) 

A's are constants (orthogonal polynomial coefficients) 
, 

~ 's are orthogonal polynomial values 

The coefficients (A's) are evaluated by fitting the orthogonal poly-

nomials to the temperature data. These coefficients are used to define 

the time-temperature curves. For a more canplete discussion of the 

derivation and application of orthogonal polynomials, see Anderson and 

Houseman (1). 

The independent variables for Methods II, III, and IV are average 

daily maximum temperatures for the numbers of days shown in column 2 

of ' tables 2, 3, and h. For example: Method II variable (X1 ) is the 

average daily maximum temperature for the 5-day period from March 12-

16 (inclusive), and variable (X2) is the average temperature for the 

* Polynomi8ls which are independent (non-correlated) 
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40-day period the previous fall. Thus, for Method II, temperatures 

are averaged for gradually decreasing numbers of days nearest the 

snowmelt season. !-iethod III variables represent shorter day-periods 

nearest the snowmelt season and much longer periods during the previous 

fall. Method IV allows only one variable for the fall and winter aver

age temperatures and is similar to a system suggested by Gay (7). 

'Ihe dependent (Y) variables are the same for all 4 methods and 

represent average daily maximum temperatures for 5-day, 15-day, and 

monthly day-periods as shown in table 5. 

After the dependent and independent variables are detennined for 

each year of record, the sums, sums of squares, and sums of products 

are computed. The system of nomal equations are developed as follows: 

n bo + ~ x1 ~ + E x2 b2 + ••• + E Xn bn • E Y 

E x1 bo + t x~ bJ. + J: x1 x2 b2 + • • • + I: x1 Xn bn • z: x1 Y 

• 

• 

• 

• • 

The solution of this system of equations yields the multiple regression 

coefficients bQ, bJ., ~~ ••• bn• After the regression coefficients 

are determined, an estimated temperature (Y) is computed for any 

appropriate set of independent (X) variables by solving the forecast 

equation: 

(3) 
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PRESENTATION AND ANALYSIS OF DATA 

Computations and presentation 

Practically all of the computations for this study were made on 

IBM accounting machines, and no attempt is made to discuss each step 

of the machine operat i ons. However, a typical example of the computa-

tions shows the steps required in obtaining the final solutions. Also, 

much of the basic data, solutions, and results are tabulated. 

Orthogonal polynomials (Method .!) 

Temperature data for the period from September 19, 19231 to March 

16, 192h, is chosen to illustrate the method of fitting orthogonal poly-

nomials. Figure 2 shows the 2-day sums of maximum daily temperatures 

plotted against time for t he 180-day period from September 19, 1923, 

to March 16, 1924. These sums are also given in the first two columns 

of table 6. In table 6 the series of temperature sums are read in 

sequence beginning September 19-20 to the following f1arch 15-16 by 

starting at the bottom of column 1, reading upward to the top of column, 

and then down column 2. The (s) values i n colunm 3 are the sums of 

values in columns 1 and 2 for the same line. The (d) values in colunm 

L are found by subtracting the values in column 2 from those in column 

1. As a check, the sum of column 3 should equal the sum of columns 

1 and 2, while column 4 should equal the difference between columns 

1 and 2. Colwnns 5, 6, 71 8, and 9 are orthogonal polynomial values 

' 
taken from the tables for N • 90 (1, p. 658). Only the lower half of 

I 

the table of polynomial values (~ 's) i s given in table 6, since the 

upper half of the table is symmetrical wi th the lower half 1 except for 
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'2 a change of sign in columns S, 7, and 9. Also, values of(~~ ), as 

shown in the computations to follow, are copied from the tables of 

orthogonal polynomial va1ues for N • 90. 

From the data in table 6 the polynomial regression coefficients 

A- • 8 • 7$28 • 83.6444 
--u 'N 90" 

I 

A1 • t (d ~J i • 79,796 • 0.3284 
%ce1 ' 242,970 

I 

A2 • t: (a ~J ~ • 1,113,32~ • o.ol)093 
£ ( ~l) 73,765,692 

A3 • t (d ~; ) • -7 t§$01 777 • -0.0001$518 
E ( 4;)2 47,3 ,112,220 

I 

A4 • a:<s$~i· -2u3e7o4Sg7 • -o.ooooo3273 
1: ( ~;> 74,457 J 09128 ,260 

As • t (d 55 ) • 9,hl3,64o,819 • o.oooooou7B4 
E < ~5 )2 19,677,062,611, 74l,62o 

The result of the fitting process for a fifth degree polynomial is 

illustrated by the curve in figure 2. The ordinates to the regression 

curve are determined by substitution of the~~ values in the following 

equation: 

y .. 83.6444 + .3284~1 + .01509~~ 

+ .oooooo4784f5 

' ' - .0001552 ~5 - .000003273 ~4 

The computed ordinate values for the curve in figure 2 are given in 

table 7. Estimated 2-day temperature sums in columns 6 and 7 of table 

7 are for the same periods as the values in columns 1 and 2 of table 6. 

Values in column 7 of table 7 are detennmed by changing the sign of 

terns in columns 1 1 3, and 5o 
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At this point the tests of significance are made. The results 

in table 8 show the reduction in sums of squares attributable to each 

stage of reeression. Also included in table 8 are the significance 

tests for the 192L-25 data which show that the fl tting of a fifth 

degree polynomial is not always significant. Nevertheless, regression 

is carried to the fifth degree in all polynomial computations. 

Table 9 contains the polynomial coefficients for the 33 periods 

from 1923-24 to 1955-56. These coefficients are used in the multiple 

regression procedure as a function of temperatures during the 180-

day periods preceding March 17. 

The volume of 2-day sums of maximum daily temperature comprising 

the basic data of this portion of the study is too great to be 

included in this thesis. However, the data are placed in the research 

project (Project 459) files for reference. 

Multiple linear regression 

'fhe values of the independent (X) and dependent (Y) variables 

used in the mul. tiple regression computations are given in tables 10 

to 14. The values in. table 10 are obtained by coding the orthogonal 

polynomial coefficients in table 9. The system of coding the poly

nomial coefficients to obtain the independent variables in Method I 

iss 

xl • Ao/2 
x2 • A1 /2 

x3 • A2/2 

X4 ~ AJ/2 + .00018o0 

X, • A4/2 + .ooooo55o 

x6 • Ar;/2 + .oooooo25oo 

Coding makes all X's positive and simplifies the COJJ¥)utations. The 



values shown in tables 11, 12, 131 and 14 are average daily maximum 

temperatures for the periods specified in tables 2, 3, 4, and 5, 

respectively. 

14 

The great bulk of computations required in solving the multiple 

regression equations prevents the inclusion of all data in this thesis. 

However, a single canputation is given to illustrate how the multiple 

regression coefficients (b(), bJ., ••• bn) are determined. For reasons 

of simplicity in coding and presentation, Method III is chosen for this 

computation example. Also, the example is restricted to the relation 

between the independent (X) variables and a single dependent variable 

(Yl) • 

The general system of linear normal equations for Method III 

and Y1 is shown in table 15. The sums, eums of squares, and sums of 

products were computed by IBM machines from the data in tables 12 and 

14 (for example: X2 X1 in column 21 line 3 was computed by adding 

the products of x2 and xl in columns 2 and 3 of table 12; and xl yl 

in column 8, line 2 was computed by adding the products of column 2 of 

table 12 and column 2 of table 14). The results of these computations 

are shown in table 16, which is designated "the original information 

matrix." 

To facilitate the inversion of the matriX, the original informa

tion matriX is coded. Table 17 ::bows this ma trlx in coded fom (the 

portion below the main dia~nal is dele ted because of symmetry) • The 

coding factor notation is Kr (for rows) and Kc (for columns), as shown 

in table 16 for Method III. 

The imerse matrix and regression coefficients were obtained by 
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a "Machine Method of Matrix Inversion," developed by Dr. Rex L. Hurst.* 

The coded inverse matrix and coded regression coefficients are shown 

in table 18. Column 8 contains the coded values of the multiple 

regression coefficients (b61 B{1 B2, BJ' B~, BS, and bl) forYl • The 

coefficients are decoded by the formula: 

where 

b = Decoded regression coefficient 

b' • Ccxied regression coefficient 

kr ::o Coding factor for the row containing b' 

kc = Coding factor for the column conta:l ning b' 

1he decoded multiple regression coefficients for all Y's and methods 

are given in tables 19-22 ;:-'* (see column Y1 in table 21 for decoded 

coefficients of Method III and Y1.) 

It is now possible to express the relationship between tempera-

tures during the 180 ~s prior to I1arch 16 and the folloWing 5-day 

period (Yl), for Method III. The expression is: 

Y1 • 46.3.56 + .1028 x1 + .3591 x2 + .3673 x3 - .3478 x4 

+ .2604 x, - 1.0426 X6 

The substitution of X values from table 12 (for 1923-24) in the fore-

going expression yields the predicted 5 -day average maximwn daily 

temperature for the period of March 17-21, 1924. The predicted 

temperature is: 

* Dr . Rex L. Hurst , Head of the Applied Statistics Department, Utah 
State Agricultural College, Logan, Utah. 

** The accuracy of solutions shown in these tables is much less than 
was carried in the machine computations and exact duplication of 
results from presented values is not possible. 



16 
A 

yl • 42.885 (actual temperature was 37.6° F.) 

Coefficients of multiple correlation 

At this point, the quantity R is introd~X:ed. R is designated the 

11coefficient of multiple correlation." R2 is the proportion of the 

sum of squares of the dependent variable which is explained by multiple 

regression and is expressed as a ratio. This ratio is computed as 

follows: 

Thus, R shows what part of the variability in the :independent (Y) 

variables is accounted for by regression wi. th all of the independent 

(X) variabl es. A more complete explanation of the coefficient of 

multiple correlation is given by Ostle (12, pp . 202-227). 

Table 23 contains the total sums of squares , corrections, corrected 

sums of squares, and sums of squares attributable to regression for the 

4 methods. From this table the value of R2 for Method I, Y1 is: 

R2 • 1121.88 • 0.5479 
2047.52 

Therefore, nearly 55 per cent of the variance in Y is explained by 

regression with the X's. Table 24 contains the complete tabulation 

of R2 values for all Y's by the 4 methods. However, the R2 values 

cannot be directly compared for each method, since the degrees of free

dom associ a ted with the 4 methods are not the same. 

To obtain a valid comparison among roothods, the F-test is used. 

The appropriate F-test (12, pp. 217-219) for Method I, Y1 is presented 

by means of table 25 , which leads to F • 186.25 / 35.60 • 5.252 with 

Vl • 6 and r2 • 26 degrees of freedom. The F value at the 0.5 per cent 



probability level is 4.1027 (from statistical F t ables). Since the 

computed value is greater than 4.1027, it is significant at the 0.5 
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per cent probability level. The computed probability levels are shown 

(in parenthesis) in table 25 for all Y's and rethods. In this table the 

lower probability levels indicate a high significance, and these proba

bilities are a valid conparison for each l i ne of the table (Y periods ) . 

Thus, for period Y1 , all of tha methods show high si ~ficance . Pow

ever, for period Y3, Metr od I is much better. The rank of methods 

from best t o poorest, on a basis of probability l evels, is: (1) Method 

I, (2) 1-fethod IV, (3) Method III, and (4) Hethod II. Also, it appears 

that Method I is much better during the sp ring, while during the 

summer, l1ethod IV is best. 

Comparison of trial forecasts 

Trial forecasts are made qy each of the 4 methods. Results 

are compctred with actual temperatures for the years of 1923 and 1956 

as a test of the reliability of each lll3thod. The basic data f or 1 923 

are not used in the regression analysis; therefore, this year is inde

pendent. Data for 1956 are · included, and the forec ast for this year is 

historical (probably biased). 

Table 26 contains a list of tl'E indepmdent (X) variables for 

1922-23 and 1955-56. These values were computed by the procedures 

explained earlier. The forecasted temperatures for all Y periods 

were obtained by the solution of the forecasting equations, using X 

variables from table 26 and regression coefficients fran tables 19-22. 

The actual temperatures for 1923, the 33-year average temperatures, 

and forecasted tempe ratures for 1923 are listed in table 27. Also 



included in this table are average, maximum, and standard deviations 

from actual temperatures for the periods Y1 to Y21 (5-day periods). 

Similar information for 1956 is given in table 28. 

Any forecast must show an improvement over the 33-year average 

temperature to be of value; therefore, the standard deviation from 

actual temperatures is used as an index of the success of the forecast 

methods. The per cent improvement over the 33-year average values is 

computed as follows: 

Improvement (%) • Sa - Sm x 100 
Sa 

where 

Sa • Standard deviation from actual of 33-year average 
temperatures 

Sm • Standard deviation from actual of the method being 
studied 

The per cent improvement for the L methods is given as follows: 

Year 

1923 

1956 

Method I 

11.1% 

33.1% 

Method II 

0.6% 

3l.o% 

Method III 

11.2% 

20.4% 

Method IV 

19.0% 

None 

The results shown are in agreement with results from the F-tests and 

show Method I is preferable to the other methods. 

Figure 3 shows actual 5-day average maximum temperatures plotted 

against forecasted temperatures for the periods Y1 to Y21 , inclusivep 

The L5° diagonal line indicates the location of points having perfect 

agreement between f orecasted and actual temperatures. Fi gure 4 shows 

actual temperatures for the same Y periods plotted against 33-year 

average 5-day temperatures. As shown in figure L, 1923 temperatures 

18 



19 

were generally colder than normal, since most of the poi nts lie above 

the diagonal line. Some i mprovement in favor of the forecasted 

temperatures is evident by a coMparison of fie:ur es 3 and h and is due 

to a more even distribution of 'POints around the diagonal line. Fi gures 

5 and 6 are similar to figures 3 and h and illustrate temperature 

relationships for 1956 . Figure 6 shows that 1956 temperatures were 

warmer than normal, since most of the points fall below t he diagonal 

line. Also, the 1956 forecasted temperatures show much better 

agreement with actual temperatures and the points are again well 

distributed around the diagonal line. 



THE 1957 TEHP~RATURE FORECAS T 

The 1957 temperature forecast is presented to illustrate the 

complete forecasting procedure and to allow future evaluation of the 

forecasting methods. 

Maximum daily temperature data, used to compute the independent 

(X) variables, were obtained from Weather Bureau publications and from 
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the Logan, Utah, l-Teather station on the Utah State Agricultural College 

campus. Missing data in the Logan record were estimated from data 

available at the exoeriment farm in North Logan, Utah. Table 29 

contains the temperature data used in computing the 1957 forecast and 

underlined values indicate estimated temporatures missing from the 

Logan weather station record. 

The 2-day sums of maximum daily temperatures and computations of 

the orthogonal· polvnondal coefficients are given in table 30. The 

orthogonal polynomial values for these computations are the same as 

shown in table 6 and are not repeated in table 30. The system of 

coding the polynomial coefficients for the independent variables in 

Hethod I are shown in table 31. The independent variables for Methods 

II, III, and IV, which are average temperatures for the intervals shown 

in tables 2, 3, and 4, are shown in table 31. 
A 

The solution of equation (3) for Y is the final step in the fore-

casting procedure. For substitution in this equation, the appropriate 

regression coefficient s (b•s) are chosen from tables 19, 20, 21, or 22 

and the independent variables (X's) from table 31. Thus, to predict 
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the 5-day average maximum daily temperature f or tlE period fran March 

17 to 21, inclusive, the b 1s are taken from table 19 and X•s from 

table 31 for Method I. The forecast equation, substituted values for 

Me thod I , and the forecasted temperature are given as follows: 

? • bo • ~ x1 + b2 x2 + b3 x3 + b4 x4 + b5 x5 + b6 x6 

9. 56.2710 + (.1S86) (45.38) + (-162.1186) (.1666) 

+ (2008 .3162) (.012849) + (-41168. 871) (.0001763) 

+ (1918832.8) (.000004968) + (-21506714) (.0000002851) 

(actual temperature for the period • 5S.2° F.) 

The forecasted average daily maximum temperatures for the 28 prediction 

periods (Yl to Y28) are gi van in table 32 for the 4 methods studied. 

Actual temperatures for the March 17 to Harch 31 interval are included 

since the f orecast was made on April 1, 19S7o 



CONCLUSIONS 

1. As shown by the trial forecasts and higher significance level of 

the correlation coefficients 1 t1ethod I probably g1 ves the best 

overall temperature forecast among methods used in this study. 

2. Due to the generally poor correlations found in the regression 

analysis, the statistical F-tests and trial forecasts are not 

conclusive in the comparison among methods. 
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3. Although Method I appears to give a more reliable forecast than 

other methods, it requires considerably more co~utation. There

fore, Method IV should be given consideration as a possible JTethod 

for use. 

4. Temperatures during the periods from April 1 to April 15, as well 

as other short intervals, do not correlate well under any method, 

and this is probably due to the extreme temperature fluctuations 

during these periods. 

S. Temperature forecasting by the statistical approach used in this 

study is quick and simple after the relatimships have been deter

mined by multiple regression. However, the initial computations 

are laborious, especially without computing machines. 

6. Fore more precise long-range temperature forecasting, the meteoro

logical approach apparently offers more promise of ultimate s uccess 

than any other method. This approach allows ~he physical factors 

causing temperature changes to be considered and evaluated. 
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Table 1 . Maximum daily temperature data (°F.) for 1923 

Day Jan . Feb. r.far. Apr . May June July Aue. Sept . Oct. Nov. Dec . 

1 33 15 42 54 60 60 88 81 84 66 52 32 
2 31 18 43 52 64 66 90 83 85 64 54 33 
3 38 19 34 43 67 70 92 84 85 68 52 34 
4 34 18 27 46 70 70 84 84 85 62 49 31 
5 43 19 29 57 70 69 83 82 85 58 51 40 

6 44 21 37 41 72 73 85 82 85 57 5!J 44 
7 51 29 49 46 75 75 85 83 84 56 55 52 
8 46 32 38 50 78 73 87 85 86 49 51 35 
9 42 24 31 48 81 79 86 87 87 48 54 25 

10 48 28 35 59 73 79 86 87 86 48 53 21 

11 h1 30 37 63 60 87 90 89 88 54 52 24 
12 37 31 36 60 61 84 91 90 82 52 52 36 
13 30 30 39 59 49 66 89 86 82 5.3 51 36 
lLJ 33 32 27 54 52 76 88 88 81 5t· 49 35 
15 32 30 39 61 61 76 85 85 8o 57 48 34 

16 47 31 43 69 62 59 89 83 79 58 53 30 
17 48 30 28 70 69 66 87 87 59 56 49 36 
18 37 32 32 63 67 71 90 83 65 52 46 32 
19 34 33 45 46 75 72 88 8h 70 55 45 24 
20 39 39 37 48 76 73 93 85 80 60 49 32 

21 38 37 35 43 6h 64 92 82 74 64 48 35 
22 42 34 313 36 66 71 89 85 75 57 51 34 
23 1.!2 33 45 48 72 ?L1 91 86 74 50 53 29 
2!1 38 L14 35 53 81 67 85 87 62 46 61 33 
25 32 37 44 58 75 78 85 86 68 49 52 40 

26 36 32 43 54 68 75 81 so 61 so 41 33 
27 33 32 48 Go 62 75 87 Sl 41 54 36 34 
28 32 36 53 67 68 81 88 85 48 52 38 32 
29 27 59 64 so 87 87 81 60 46 40 31 
30 25 61 51 65 89 ?l 77 65 51 38 34 
31 22 64 64 82 78 So 29 
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Table 2 . System of independent variables for t-1ethod II 

DesignJ. ti on NUJ'lber of days Dates (inclusive) 
of variJ.bles represented Leap year Other years 

xl 5 Har . 1 2-16 Mar. 12-16 

x2 10 Har. 2-11 t-1ar . 2- 11 

x3 15 Feb . 16-l1ar . 1 Feb . 15-Har. 1 

x, 
14 

20 Jan . 27- Feb . 15 Ja:l. 2t>-Feb . 16 

X:; 25 Ja:-t . 2- 26 Jan. 1- 25 

x6 30 Dec . ~-.Jan . 1 Dec . 2- 31 

r, 35 Oc t . .:;1- ~cc. 2 Oct . 28- Dec. 1 

x3 ho Je!)t . 19- Cct . 28 Sept . lS- Oct . 27 

T'Jtal 18o 
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Table 3 . System of independent variabl es for Hethod HI 

Designation Nturtber of days Dates (inclusive) 
of variables r epr enented Leap year Other years 

xl 3 Mar. l L-16 Har. l L-15 

x2 6 ~·~a:::- • C-13 Har. 8-13 

x3 12 Feb . 2) - Mar. 7 Feb . 2lt-~·:ar. 7 

XL 2L Feb . l - 2L Jan. 31 -?cb . 23 

X 5 48 Dec. 1) -Jan . 31 Dec. l L- Jan . 30 

x6 87 Sept . 19-Dec . 14 Sept . 18- Dec. 13 

Tot al lCO 
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Table 4. System of i ndependent vari ables for Method IV 

Designation Number of days Dates (inclusive) 
of variable s represented Leap year Other years 

~ 5 nar. 12-16 Mar. 12-16 

x2 5 r1ar. 7-11 Har . 7-11 

x3 5 Har . 2- 6 Har. 2- 6 

x4 5 Feb . 26-~·far . 1 Feb. 25-~iar. 1 

x5 10 Feb. 16- Feb. 25 Feb . 15- Feb . 24 

x6 10 Feb . 6-Feb . 15 Feb . 5- Feb . 14 

r, 140 Sept . 19- Feb. 5 Sept. 18- Feb . 4 

Total 180 
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Table 5 . SysteM of dependent variables for all methods 

Designation of Number of days 
variables represented Dates (inclusive) 

yl 5 Harch 17- 21 

y, 5 Har ch 22-26 

yj 5 Harch 27- 31 

y4 5 April l - 5 

Yr 
_) 5 April 6-10 

y6 5 April ll-15 

y7 5 April lfl- 20 

Ys 5 Apr il 21- ?.5 

y9 5 April 26- JO 

Y1o c Hay l - 5 ,/ 

yll 5 f·1ay 6-10 

yl2 5 Hay ll-15 

113 5 f-1ay 16- 20 

Yul 5 Hay 21- 25 

yl5 5 ~1ay 26- 3::> 

Y16 5 !'fay 31- June 4 

y17 5 June J-9 

Y18 r 
) June 10-14 

y19 5 June 15-19 

Y2o 5 June 20- 2h 

Yn 5 June 25- 29 
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Table S. System of dependent variables for all methods ( conti~ued ) 

Designati on of Number of days 
variabl es r epresented Dates (incl usive) 

y22 15 Mar ch 17-31 

y23 30 April 1-30 

y24 31 Hay 1-30 

y25 30 J une 1-30 

y26 31 J uly 1-31 

y27 31 August 1-31 

y28 30 September 1-30 
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Table 6. Two-day t emperature sums for 1923-24 and orthogonal 

polynomial values for N • 90 

Sum of 2-day Sum Diff. I 

~~ 
I I I 

te~eratures (s) (d) ~1 ~, ~4 ~5 
66 56 122 10 1 -1012 - 1012 1022626 1022626 
69 67 136 2 3 -1009 - 3031 1012521 3053731 
72 63 135 9 5 -1003 - 5035 992381 5042521 
45 73 1J8 -28 7 - 904 - 7014 962346 6961206 
60 67 127 - 7 9 - 982 - 8958 922626 8782626 
96 63 159 33 11 - 9f,7 -10857 873501 10480503 
71 63 134 8 13 - 949 -12701 815321 12029693 
67 hO 107 27 15 - 928 -14480 748506 13406438 
70 60 130 10 17 - 904 -1618!1 673546 14588618 
78 18 96 i)Q 19 - P77 -J7R03 591001 15556003 
77 51 128 26 21 - 847 -19327 501501 16290505 

113 61 17L 52 23 - 814 -20746 405746 16776430 
104 63 167 41 25 - 778 -22050 304506 17000730 

91 hl 138 56 27 - 739 -23229 198621 16953255 
91 55 146 36 29 - 697 -24273 e9oo1 16627005 

102 68 170 34 31 - 652 -25172 - 23374 16018382 
97 37 134 60 33 - 604 -25916 - 137454 15127442 

103 44 147 59 35 - 553 -26495 - 252119 13958147 
lOS 58 163 47 37 - 499 -26899 - 366179 12518617 
105 60 165 45 39 - 442 -27118 - 478374 10821382 
109 62 171 47 41 - 382 -27142 - 587374 8883634 
100 64 ' 164 36 43 - 319 -26961 - 691779 6727479 
106 60 166 46 45 - 253 -26565 - 790119 4380189 
102 57 159 45 47 - 184 -25944 - 88o854 1874454 

97 63 160 34 49 - 112 -25088 - 962374 - 751366 
106 76 182 30 51 - 37 -23987 -1032999 - Jh52989 

99 81 180 18 53 41 -22631 -1090979 - 6179959 
96 75 171 21 55 122 -21010 -1134h94 - 8875394 

121 71 192 so 57 2o6 -19114 -1161654 -11475734 
115 82 197 33 59 293 -16933 -1170499 -13910489 
108 87 195 21 61 383 -14457 -1158999 -16101987 
115 85 200 30 63 476 -11676 -1125054 -17965122 
107 78 185 29 65 572 - 8580 -1066494 -19407102 
106 74 180 32 67 671 - .5159 - 981079 -20327197 

96 76 172 20 69 773 - 1403 - 866499 -2o616487 
105 85 190 20 71 878 2696 - 720374 -20157610 
115 93 208 22 73 986 7154 - 540254 -18824510 
130 83 213 47 75 1097 11975 - 323619 -16482185 
130 80 210 50 77 1211 17171 - 67879 -12986435 
125 78 203 47 79 1328 22752 229626 - 818)610 

89 82 171 7 81 1448 28728 571626 - 1910358 
129 78 207 51 83 1571 35109 960921 6006627 
136 13 209 63 85 1697 41905 1400381 15750857 
149 72 221 77 87 1826 49126 18929u6 27516302 
150* 76 226 74 89 1958 56782 24411626 41507642 

TE29 2999. '?!2B 1530 

* Sum of maximum dally temperatures for Septeiliber 19 and 2o, 1923. 



Table 1. Calculations of the ordinate values for the fifth degree 33 

polynomial curve in figure 2 

A0 "' 83.6444 

I I I I I Polynomial Polynomial 
Al ~1 A2e2 A.5~' A4~4 A5~5 ordinates ordinates 

0.33 -16.12 0.16 -3.35 0.49 65.15 63.19 
0.99 -16.07 0.47 -3.31 1.46 67.18 61.34 
1.64 -15.98 0.78 -3.25 2.41 69.24 59.58 
2.30 -15.83 1.09 -3.15 3.33 71 • .38 57 .94 
2~96 -15.64 1.39 -3.02 4.20 73.53 56.43 
3.61 -15.40 1.69 -2. 86 5.01 7S.69 55.07 
4.27 -15.12 1.97 -2.67 5.76 77.85 53.85 
4~93 -1U.78 2.25 -2.45 6.41 80 .00 52.82 
5.58 -14.41 2.51 -2.20 6.98 82.11 51.97 
6.24 -13.97 2.76 -1.93 7.44 84.18 51.30 
6.90 -13.49 3.00 -1.64 7.79 86 .20 50. 82 
7. 55 -12.97 3.22 -1.33 8.03 88 .14 50. 54 
8.21 -12.39 3.42 -1.00 8.13 90 .01 50.49 
8.87 -11.77 3.61 -0.65 8.11 91. 81. 50.63 
9.52 -11.10 3.17 - 0.29 7.95 93.49 51.01 

10.18 -10.39 3.91 o.o8 7.66 95 .08 51.58 
10.84 - 9.62 4.02 0.45 7.24 96 .57 52.37 
11.49 - 8.81 4.11 0.83 6.68 97.94 53.38 
12o15 - 7.95 4.17 1.20 5.99 99.20 54.58 
12.81 - 7.04 4.21 1.57 5.18 100.37 55 .97 
13.L6 - 6.09 4.21 1.92 L.25 101.39 57.55 
14.12 - 5.08 4.18 2.26 3.22 102.34 59.30 
1L.78 - 4.03 4.12 2.59 2.10 103.20 61 .20 
15.43 - 2. 93 L.03 2.88 0.90 103.95 63.23 
16.09 - 1.78 3.89 3.15 -0 • .36 104.63 65.39 
16.75 - 0.59 3.72 3.38 -1.65 105 .25 67 .61 
17.41 0.65 3.51 3.57 - 2.96 105 .82 69. 90 
18.06 1.94 3.26 3.71 -L.25 106.36 72.22 
18.72 3.28 2.97 3.80 -5.49 1o6.92 7L.52 
19.38 4.67 2.63 3.83 -6.66 107.49 76.79 
20.0.3 6.10 2.24 3.79 •7.70 108.10 78.96 
20.69 7.58 1.81 3.68 - 8.59 108. 81. 80 .99 
21.35 9.11 1.33 3o49 -9.28 109.64 82.84 
22.00 10.69 o.Bo 3.21 -9.72 110.62 8L.46 
22.66 12.31 0. 22 2.84 - 9. 86 111.81 85.77 
23.32 13.99 -o.L2 2.36 - 9.64 113.25 86 .73 
23 .97 15.71 -1.11 1. 77 -9.01 114.97 87.27 
2L.63 17.48 -1.86 l.o6 -7.89 117 .o6 87.30 
25. 29 19.29 -2.66 Oo22 -6.21 119o57 86.73 
25.94 21.16 -3.53 -o.75 -3.92 122.54 85 .56 
26.6o 23.07 -4.46 -1.87 -0.91 126.07 83.61 
27.26 25 .03 •5o45 -3.15 2. 87 130.20 80. 84 
27.91 27.03 -6.50 -4.58 7.54 135.04 77.14 
28.57 29.09 -7.62 -6 . 20 13.16 140.64 72.42 
29. 23 31.19 - 8. 81 -7.99 19.86 147.12 66.56 
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Table 8. Tests of significance 

1923-24 
Degrees of Sum of Mean 

Source of variation freedom squares square F-test 

Total y2 90 688,328 
Correction for mean 1 629,675 
Deviations from mean 89 58,653 
Linear regression 1 26,205 26,205.00 71.97 (.005) 
Deviations from 

linear regression 88 32,448 368.73 
Second degree term 1 17,731 17,731.00 104.82 (.005) 
Deviation from regression 87 14,717 169 .16 
Third degree term 1 1,140 1,140.00 7.22 (.01) 
Deviation from regression 86 13,577 157.87 
Fourth degree term 1 797 797.00 5.30 ( .025) 
Deviation from regression 85 12,780 150.25 
Fifth degree term 1 4,530 4,530.00 46.03 (.005) 
Deviation from regression 84 8,267 98.42 

1924-25 

Degrees of Sum of ?1ean 
Source of variation freedom squares square F-test 

Total y2 90 771,924 
Correction for mean 1 7o6,u96 
Deviation from mean 89 65,428 
Linear regression 1 18,044 18,044.00 33.51 (.005) 
Deviation from regression 88 47,384 53B.u5 
Second degree term 1 29,186 291186oOO 139.53 (.005) 
Deviation from regression 87 18,198 209.17 
Third degree term 1 1,005 1,005.00 5.03 (.05) 
Deviation from regression 86 17,193 199.92 
Fourth degree term 1 7,825 7,825.00 71.00 (.005) 
Deviation from regression 85 9,3f>8 110.21 
Fifth degree term 1 450 450.00 4.24 (.05) 
Deviation from regression 84 8,918 106.17 
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Table 9. Or thogonal polynomial coefficients , 1923- 24 to 1955- 56 

Year Ao Al A2 A3 Au As 

1923- 24 o3 . 61~ • 32bL. .01509 -.0001552 -.00000327 +.0000004784 
192L- ?5 sr, .t;o .2727 .01989 -.0001457 -.00001025 +.0000001512 
192)- 26 91 .3h . ?711 . 01712 -.0001629 +. 00000096 -.0000000834 
1926- 27 93 . 29 . 3668 .01530 -.0002269 -. ')0000467 +. 0000001401 
1927-2n 9') . 99 . 3P10 .011372 -.0002586 -. ')0000496 +.0000001225 

192[.- 29 811 . 58 . w.~uo .02300 -. ')001493 -.10000061 +. 0000000021 
1929- 30 91 . 08 . 3404 • 019h8 -.0002456 -.00000015 +.0000001588 
1930- 31 81.11 . 3326 . ')2469 -.0001624 -.00000608 -.0000000257 
1931- 32 80 . 26 . h177 .02004 -.0000938 -. ::>oooo86o -.0000003251 
1932- 33 85 . 20 .1.!340 .Olf)l 2 -.0001431 -. J0000008 -.0000000781 

1933- 3ll 103.64 • 2r,es .01747 -.0001128 -.00000122 - .000')001651 
l 93L- 35 9" . ~7 . 3L33 .olu36 -.1001587 -. 00000161 - .000')001116 
1935- 36 90 . 11, . 3491 .02127 + .00005111 +.00000309 +.0000000411 
193{>- 37 86 . 58 .L517 .02124 -.0002025 +.00000190 + .000.)002823 
1937- JB ?( .h1 . 32112 .01563 - . 0·1005138 -.00000125 -.0000000209 

1938- 39 D9 . 23 . 1lh69 .01929 +. 0000936 + .00000534 -.0)0)002257 
1939- 110 9C .57 . 3562 .01429 -. )')02158 +.10000148 + .oocnoo34f18 
19l0- IJ1 90 . Jh . 3217 . J17GO -.0000562 -.00000360 -.0000002109 
1941- 112 83 .02 .4035 .01252 -. )001815 -.OJ000158 - • ')000')00080 
19b2- 43 90 .h8 . 3797 .Olt'35' -. ')J00022 -.0')')()0226 -. 'YY)0002106 

1943-4h 89. 7l • bl~82 .01915 -.0000233 -.00000135 +.0')'))')01553 
1944-45 8) .64 . 3846 .01889 +.0000265 -.00000638 -.0000003941 
1945- h6 87 .1l, . 3362 .01D20 -. ')001531 - .ooooo51J2 -.0000003508 
19h~-L7 CB/>7 . 2599 .0162~ - . ·)000857 +.00000169 +.oooooo2lt?L 
1947- h8 87 .77 .39(,6 .01960 +.0001378 -.00000332 -.0000002749 

19uD- L9 82.83 . h175 .02512 - .0003516 -.00000210 + • 0·0000002 20 
19L9- 50 92 .u9 . 3438 .01655 -.0000857 +. ')0000023 +. J000005J06 
1950- 51 93 .37 . 1!020 .01335 -.0001545 -.00000592 +. ')000000194 
1951-~2 82 . 86 . h250 .01501 +.0001044 -.00000360 -.0000001066 
1952- 53 99 . 92 .3997 .02253 +.1001430 -.00000507 -.OOOJ0'1h798 

1953- 5h 9S .94 . 37f>1 .01912 -. JOOOo46 -.00000255 +.000()()00299 
1954- 55 87 .79 . 5064 .01566 - . ')003399 -.00000104 +.0000001753 
1955- 56 89 .18 .3888 .01137 -.0000154 +.00000012 -. 000000 377 3 
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Table 10. Independent variabl es for Met hod I (coded values from 
table 9 ) 

Year xl x2 X3 x4 x5 x6 

1923- 24 U . 82 .1642 .00755 .0001024 .00000386 .0000004892 
1924- 25 4L. 30 .1364 .00995 .0001071 . J0000031 . 0000003256 
1925- 26 45.67 .1356 .00856 .0000985 . 00000598 .0000002083 
192A-27 46.65 .18JL .00765 .0000665 .00000316 .000000)201 
1927- 28 45' . 50 .1905 .00936 .0000507 .00000302 . 000000)11) 

1 92 ~-29 L2. 29 . 2220 .01150 .0001053 .00000519 .0000002511 
1929- 30 45. 84 .1702 o00974 .0000572 .00000542 .0000003294 
1930- 31 40. 56 .1663 .01235 .0000988 .00000246 .0000002371 
1931- 32 L0.13 . 2089 .01002 .~1331 .00000120 o0000000874 
1932- 33 42 .60 .2170 .00906 .0001084 .ooooo5L6 .0000002109 

1933- 34 51 . 82 .1344 .00874 .00012)6 .oooooL89 .0000001674 
1934- 35 45. 34 . 1717 .00718 .OJ01006 .00000324 .0000001942 
1935-36 45.07 .1746 .01064 .0002057 .00000705 .0000002706 
19Y:-37 43 . 29 . 2259 .::no62 .10')()787 .00000645 .0000003912 
1937- 38 49.21 .1621 .oo7C2 .0001506 .00000487 .0000002395 

1938- 39 44 .62 .2235 .00965 .0002268 .OOOOOD.7 .0000001371 
1939-40 49. 29 .1781 . 00715 .0000721 .00000624 .0000004234 
1940-U 45.02 .1609 .0'1890 .0001519 .00000370 .0000001445 
19U-42 41.51 . 2o1e .oo626 .0000892 .00000471 .0000002460 
1942-1.~3 45.24 .1f.99 .00918 .0001789 .00000437 .0000001447 

1943-44 44 . 86 o224J. .00958 .0001683 .00000482 .0000003277 
1944- 45 44 .82 .1923 .00945 .0001933 .00000231 .0000000529 
1945- 46 43 .57 .1681 .00910 .0001034 .00000279 .0000000746 
1946-47 4L . J4 .1)00 . 00813 . 0001371 . 00000635 .0000003747 
1947- 48 43 . 89 .1983 .00980 .0002489 .00000384 .0000001125 

1948- 49 41 .42 . 2238 .01256 .0000042 .00000445 .0000002610 
1949- 50 46. 25 o1719 .00828 .0001371 .00000562 .0000005153 
1950-51 46 • .S9 . 2010 .oo668 .0001027 .OJ000254 .0000002597 
1951- 52 41 .43 .2125 .00751 .0002)22 .00000370 .0000001967 
1952-53 49 .96 .1999 .01127 . 0002515 .00000296 .0000000101 

1953- 54 47 . 97 .1881 .00956 .0001477 .00000422 .0000002650 
195h- 55 43 .90 . 2532 .00783 .0000100 .00000498 .0000003377 
1955- 56 44 . 59 .194L .00569 .0001723 .00000556 .0000000613 
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Table 11. Independent variables f or Het hod II 

Year xl X3 x4 xs x6 x7 x8 

1923-24 36.6 39.7 hl.3 ... . 6 25 .3 32 . 9 48 . 3 58.2 
1924-25 42.6 1.!9. 8 44 . 7 41.9 31.3 26. 9 46 . ? 63.1 
1925- 26 58 .0 117 .3 40 .6 3iL4 32 .4 37 . 9 46.6 62 .6 
1926-27 45.4 45.7 43 .2 35 .2 36 .3 32 . 9 51.2 66.9 
1927-28 45. 13 48 . 1~ 39 .0 36.1 33 .0 29 .1 50.5 67 .6 

1923- 29 ho .8 50 .0 34 .1 28 .9 26.2 28.4 46 .6 67.0 
1929- 30 56.11 45. 3 h5.1 38.1 22 .7 h2 . 3 h4.6 67.1 
1930- 31 51.2 43 .3 3B.h 34 .0 27.9 23 .5 10. . 7 62 .4 
1931- 32 37.8 35 . 2 34. 8 33 .8 2h .1 30 .7 39 . 8 6L.2 
1932-33 42 .2 41.3 35.6 25 .1 35.1 26.1 50.5 64.6 

1933- 34 63. 2 53.2 h5.1 47 .1 38.9 44 .0 50.6 70.0 
19311-35 51.2 37 .h 41.7 35.7 34.h 35 .4 49 .4 63.5 
1935- 36 47 _r, U>.5 1:,2 .7 32 .5 33 . 13 36.7 42 .1 67 .5 
193{>-37 1.6 . 8 b1.6 38.0 33 .2 17 .) 38.1 46.0 68.1 
1937- 38 49.6 48 .2 40.7 42 .8 38. 9 40.9 50.7 67.2 

1938- 39 46.8 42 . 3 30 .5 32 .0 3!: . 8 38.3 42 .4 69 .4 
1939-1.10 51.0 4~ . 4 44 .5 40.1 33 .h h3.7 54.2 66 .2 
1940- 41 114. 8 45.3 41.7 34 . 5 34 .0 39 .0 40.8 66 .6 
1941-42 38.4 38.7 25 .9 36 .3 25.6 36.3 46 .1 60. 9 
1942-l3 1!6 .2 42 .0 37 .9 35 . 7 3L. .o 35 .7 45. 3 67 .6 

.. 
1943-44 36.0 h3 . 3 37.1 35 .3 27 .1 37 . 1~ 46.5 69.3 
1941!-45 41.t .8 38.9 36.5 39.4 35.8 33.0 42 .5 68.7 
1945- 46 1.13.4 46.2 39 .9 32 .1 32 .6 33 .0 43.9 64 .6 
1946-47 52 .e 43.9 41.7 39.5 27 .7 l.~o . 4 44 .0 60.4 
1947-hS 1.!3 . f> 35 .0 43 .2 31.2 37 .7 31.2 41.1 68 .6 

1948- 49 51.8 u3 .2 39 .7 22 .9 21.4 31.8 42 .3 68.5 
1949- 50 38.0 b7 . 3 46 .8 31.2 34. 9 35 .5 54.4 62.3 
1950-51 J1o.o 38. 3 39 . 9 37.8 31: . 8 36 .9 50 .5 68 .0 
1951-52 32 .4 34 .5 29 .3 35.4 30.9 30 .8 45.1 63 . 3 
1952-53 1.,8 . l: 47.9 40 .7 u3 .7 1.d .5 36 .0 45. 3 75. 9 

1953-5h 39.2 L9 . 7 h7.2 33 .7 38.3 34 .7 52 .3 68 .3 
1951.1-55 43.0 38. 3 33 .1 27 . 5 27.0 34 .7 53.7 66.4 
1955-56 33 .0 L.3 .1 36 .1 25 .7 u .o 39 .6 43.9 65.6 
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Table 12. Independent variables for Method III 

Year xl x3 x4 x5 x6 

1923- 24 37 .3 37.5 42 .1 37 .2 28.4 50. 9 
1924- 25 46.0 39.0 51.0 43 .0 29 .1 52.4 
1925- 26 60.7 49 .8 45.1 40 .3 34.h 52 .6 
1926-27 h2 . 3 43 .7 45 .7 38. 3 32 .4 57 . 3 
1927-28 46 .0 49 .3 42 .6 37 .1 30 .2 56 .u 

1928-29 45 . 3 45.5 40 .5 29 .6 28.0 53 .6 
1929-30 54 . 3 50 .5 41.3 h4 .3 29 .0 55 .6 
1930-31 53 .7 50.0 38 .1 35.9 25 .5 49 .4 
1931-32 44 . 3 30 .0 40.0 33 . 3 27 .7 49.4 
1932- 33 hl.7 47.0 34 .9 28 . 2 31.4 53.5 

1933- 34 60 .3 61.3 47 . 3 48 . U 39 .7 59.1 
1934- 35 U7 .o 42 .3 40 .4 37 .9 36 .1 53 . 3 
1935-36 h6 .3 49 .0 44 .7 37 .0 33.0 53 .7 
1936- 37 Ll7. 7 4h .2 39 . U 35 . 3 26 .5 55 .0 
1937- 38 51.7 49 .8 h7.0 41.0 38. 8 57 .4 

1938-39 41 .3 53.0 33. 2 30.6 35 .4 54.7 
1939- 40 57 .0 43 . 8 lJ8 . 9 40 . () 35 . 8 59 .4 
1940- hl 48.7 42 .8 45 .3 37 .1 35 .0 52 .7 
1941-42 36 .7 42 .5 33 .7 30 . 3 31 .0 51.6 
19h2- lt3 39 .7 48.8 40.0 35.8 34. 9 54 .2 

19Lt3-44 37 .0 42.0 40 .8 36 .7 31.0 55. 8 
1941!-45 38. 7 50 .5 35. 8 40 .1 34.0 53. 2 
1945- 46 41.0 51.2 42 .1 35.0 32 . 8 51.6 
1946-47 57 .3 46 . 3 39.3 42 . 8 31.7 51.9 
19L7-h8 40.3 39.7 37 .3 37 .3 33 .8 52 .6 

1948-49 54 . 7 44. 3 41 .7 31.6 22.5 53 . 9 
19h9-50 h4 .0 38.5 51.3 36.1 33 .5 56 .0 
1950-51 46 .3 h0 .2 36 . 3 39 .7 3h.4 57 .3 
1951-52 31.0 36.7 30 .5 33.0 32 . 3 51.0 
1952-53 42 .7 58 .0 411.6 40 . 3 40 .1 )8 . 5 

1953-)h 44 .0 50 .0 46 .8 36 .9 37 .0 57.2 
1954-55 37 .0 4h .7 38.6 28 .0 20 .5 )7 .7 
195)-56 35 .0 38.3 40 . 8 27 . 0 40 .9 52.5 
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Tabl e 13. Independent variables for Hethod IV 

Year xl x2 X) x4 x5 x-6 x7 

1923-24 36.6 39.6 39.8 44 .0 40.0 38.5 42 .5 
l 92L- 25 42 .6 42 . 2 57.4 45.8 44 .2 39.2 44 .3 
1925-26 58.0 47.8 46.8 4L . 4 )8. 7 42. 2 45. 9 
l92h-27 45.4 42 .8 4E.6 41.2 44. 2 29. 7 48.3 
1927-28 45 .8 51 .4 45.4 uo.o 38.5 33.8 46.8 

192 ~-29 40.8 52 . 2 47 .8 31.0 35.7 19.0 44 .3 
1929-3~ 56 .4 45.6 45.0 35.6 49.9 42 .6 45.8 
1930-31 51.2 48. 0 38 .6 39 .0 ) tl .1 34.8 40 .6 
1931-32 37 .8 32 .8 37.6 41. 5 31 .3 36.5 41 .4 
1932-33 42 . 2 48 .4 34.2 34 . 2 36. 3 21 .1 45oO 

1933-3h 63 .2 56.0 50 .4 45.6 44 .8 50.8 52.1 
1934- 35 51.2 36.4 38 .4 43.8 40.7 35.6 46 .8 
1935-36 L7 .6 49.6 43 . 4 45 . 0 41 .5 )6.9 45 .7 
19}~-37 4~ . 8 44 .0 39 .2 41 .0 36.5 34.4 44.5 
1937-38 49 .6 51.2 45. 2 48 .6 36.7 45 .4 50.5 

1 13f-39 46.8 49.4 35. 2 30.8 30. 3 33.0 47.1 
1939-40 51.0 45 .8 45.0 52.2 40 .7 !10 . 2 50 .7 
1940-41 44 .8 45 .6 45 .0 4h. 2 39 .5 39.0 45.8 
1941-42 36.4 41.6 35.8 32 .8 22.4 33.7 44 .1 
1942-43 46 . 2 45 .2 ) 8. 8 41 . 2 )6. ? 38.9 46.7 

1943- 44 )6.0 h4.2 42 .4 40.8 35.2 )6.1 46.7 
1944-45 44 . 3 47.0 30.8 39. 0 35. 3 43 .1 46 .3 
1945-46 1d .4 50.8 41 .6 41 . 2 39. 3 30.6 44.7 
194h-47 5" " £. o \.. 45.6 42 . 2 34. 2 45.4 42.1 44.5 
1947- 48 43.6 36 .0 34 .0 39. 2 45.2 31.7 45.5 

1948- 49 51.8 42 .2 44?2 39 .0 40.1 29.5 42 .0 
1949- 50 38.0 41.2 53.4 53.8 43 . 3 39.0 46.9 
1950-Sl 4o.o 44 .0 32 .6 37 .8 40 .9 47 .4 48 .2 
1951- )2 32 .4 36.4 32 .6 30.0 28.9 31.6 44 .3 
1952-53 48 .4 57.2 38.6 50. 2 35 . 9 38.9 52.0 

1953-54 39. 2 58.6 40o 8 u9 .4 46.1 31.1 49.5 
1954-55 43.0 39 .4 38. 2 41.4 29.0 26.8 46 .7 
1955-56 33 .0 4o.o 46. 2 38.0 35. 2 30. 2 u1.o 
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Table 14. Dependent variables f or all Y' s and met hods 

Year xl x2 x3 x4 x5 x6 x7 

1922-23 35.4 41 .0 57.0 5o.h 48 . 8 59.4 59.2 
1923-24 37.6 39.0 37 . a 49 .2 59. 2 55 .6 50.4 
1924- 25 54.0 60 .4 61 .2 60.2 62 . 2 70.4 56 .6 
1925- 26 57 .2 57.8 45.0 48.2 57.0 64 . 8 69 .4 
1926- 27 31.6 5o. B 53.8 51 .6 53 .6 49.0 49 . 2 

1927- 28 62.2 57.6 49. 2 52 .6 45.4 53.4 55.6 
1928-29 51.0 38.4 50.6 61.6 41 . 2 55 .2 64.2 
1929- 30 52.8 5o. o 50. 2 64.6 75.8 63 .8 62 .4 
1930-31 56 .6 44 .6 43.8 53 .2 65.8 64 .0 6).6 
1931-32 45 . 8 42. 8 51 .8 59.4 53.2 66. 8 65 . 0 

1932-33 42 .u 45 .0 54.0 55 .4 41 .8 50 .8 57 .8 
1933-34 60. 8 57 . 2 59.8 49. 2 69 .8 72 .4· 67 . 8 
1934- 35 44 .6 47 .0 50 .4 54 .8 49.2 64 .6 64.4 
193.5-36 52 . 8 37 .0 40 .2 37 .2 52 . 2 75.4 77 .4 
1936-37 46.0 43.2 48 .2 45 . 8 51 . 2 63 .2 53.8 

1937-38 45.6 46.4 40 .0 47.6 52 .6 59 .6 65.0 
193R- 39 54.8 60.6 54.6 62 . 8 5u .a 60.4 . 64 . 2 
1939-40 57.8 65.0 55 .4 56.0 55.0 6) . 8 64. 2 
1940-41 56. 0 49 .4 60.6 52 .0 56. 2 52 . 2 45 .0 
1941- 42 39.2 40.6 46 .4 62 .2 64 .6 67.4 66.6 

1942-43 37 . 8 54 .8 63 .0 71.0 57.8 67.4 71 .2 
1943- 44 43 . 2 41 .6 46. 2 63.8 5?.0 52 .0 46.6 
1944-45 48.6 48.4 51.8 41 .6 53.6 42 . 2 63. 8 
1945-46 52 .0 49 . 8 61.6 54. 8 51.2 67 .0 75. 8 
1946-47 63. 2 55 .4 57 .6 5o. 8 49 .4 63. 2 60. 8 

1947-uB 40 .0 50 .0 ua .a 5u .o 50 .6 55 . 8 63. 8 
19u8-49 58. 6 42 . 8 41 . 8 54.2 61.2 64.0 1o.u 
1949- 50 48 .8 48 .2 uu . 2 52 .0 50.4 58. 2 61.0 
1950-Sl 40.2 52.u u6. 2 58.6 63.6 61.4 64 .0 
1951-52 uo .4 35. 8 47.6 u5 .4 54 .4 55 .4 59.2 

1952-53 49. 2 51 .2 65 .0 55 .2 43 .h h3 .6 55. 0 
1953-54 47 .6 44.4 45 .6 60 .2 58 .2 65 .6 6P. 8 
1954-55 35.0 39. 6 46. 6 40.8 53 .2 54 .8 $6.6 
1955-56 56.0 "8.0 55 .8 46 .2 59.6 62 .0 65 . 2 



Table 14 . ue~endent variables for all Y' s and methods (continued) 

Year xa x9 X1o xll X12 X13 X14 

1922-23 47.6 59.2 66 .2 75.8 56 .6 69 .8 71 .f, 
1923-24 61.2 59.6 65.4 65 .8 72. 8 72.0 73 .L 
192LL -25 51 .0 67 .4 71.2 69.8 6h .6 72 .8 69 .L 
1925- 26 65 .8 73.4 73.8 53.2 6~ . 8 72.8 77.8 
192f1- 27 67 .0 75.1- 66 .6 60 .0 75.0 77.2 62. 8 

1927-28 fS2 . 8 72 .4 66.8 7f3 .2 64.0 72 . 2 78.4 
192f - 29 SO . () -so .o 61.4 61.6 72 .0 75.2 77.2 
1929-30 75.6 62 . 2 67 .4 53 .6 67 .8 68 .1) 70.4 
1930- 31 53.0 65 .h 66. 2 60.0 77 .8 63 . 2 79.4 
1931-32 52 .0 54 . 2 66oO 67 .6 7L.4 77.4 64.h 

1932-33 62 .8 62 . 2 52 .8 48.8 59 .8 67 .n f,5 .6 
1933-34 75.0 71.4 71.2 78.0 73.8 82.2 8h. 2 
193L-35 55 .L. 56.6 59 .4 64 .8 60 .2 59. h 13.0 
1935- 36 7h.8 64.6 73.1, 66.4 83.4 72 . 4 72.6 
19Y-37 57 .0 54 .8 11 . 2 70.4 70.6 73.8 77 .8 

1937-38 70.8 68. 8 51.4 62 .0 69 .8 57.2 7J . 2 
1938-39 65.6 74.2 77.2 72.4 69.8 71.2 63.4 
1939- 40 64.0 56 .8 71 .8 7lJ .o 77 .6 72.6 78.L . 
1940-Ul 65 .0 65 .8 65.4 69.2 77.h 67 .2 76.2 
1941-42 61 . 6 h7 .8 52. 4 65 .8 52 .0 61.6 79.6 

1942-h3 69.0 65.4 65.4 60 .2 57 .6 60.2 72 .8 
1943-44 54 .8 59 .0 '12 .4 70.4 eoo2 63.4 64.6 
194h- 45 58.2 65 .4 77 . 2 73.2 64 .8 so.o 69. 2 
1945-46 70.8 ?O . !.t 7•l . O o'Sl.O 63 .8 69 .8 66 . 2 
1946-Li7 54 . 2 65 .h 83.0 7f-. . 2 62.0 71.2 74 .0 

1947-48 57 .o 6) .2 51! .6 57 .8 65 .8 7(. .6 74 .6 
1948-49 6e.4 69 .2 63 .0 6:: .6 73 .8 6J .h 63 . 2 
1949-50 6J .h . 51.6 49 .0 47 .2 68 .4 67 .0 73 .0 
1950-51 59.6 57 .0 5h .h 67 .o f..l.L. 68 .2 71.6 
1951-52 62 .0 72.L 7h.6 6C.2 7h . 8 63 .0 62 .8 

1952-53 71 . 2 64 .6 5h . l~ 62.6 58.h 65 .0 56 .4 
1953-54 70 .h 65.h 58.0 ('') . 0 76 .6 e3. s 73.2 
1954-55 59. 2 5h.6 65 .u 73. 6 74.6 67 .2 74.0 
1955-56 70.L 61.2 69.4 70. 6 53 .2 77 .2 01.2 
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Table 14. Dependent variables for all Y' s and methods (continued) 

Year X15 xl 6 X17 x18 X19 x2o Xn 

1922- 23 62.6 66 .0 73 .8 76.u A8 .8 fl9 .8 79 .2 
1923- ?L 6L . 2 78.8 70.4 82.8 78.2 83.6 87 .o 
1924- 25 77 . 8 5e .2 65 .0 70.4 75.0 82 .4 88 .4 
1925- 26 73 .6 79.6 85 . h 7f .B 76.0 79 . u 95 . 0 
192~-?7 6L . 8 66 .0 79.f, 1e.u 81.4 86 .4 80 .6 

1927- 28 Rl .h 73. 8 76.2 68 .0 67 . 8 79.0 87.4 
192°- ?9 62. 8 72 .2 76.6 74.8 71.0 79.1. 89 .0 
1929- 30 85 .0 6l .6 e1.4 77 .o 84 .8 79.2 81 .4 . 
1930- 31 68 . 4 82. 2 82.0 8u .6 85.8 87 . 8 90 .0 
1931-32 66.6 66 .8 62 .4 76.0 7) .6 58 .0 89 .8 

193?- 33 75. 2 Bo .o 75.6 89 .0 89 .6 89.0 85. 0 
1933- 3u 80 . 4 73 .8 f>6 .6 ~1.6 79 .4 [i0.2 82.8 
193u- 35 6) 0 6 65 .8 81 . f, 83 .6 76 .0 84. 0 82.6 
1935- 36 81.4 63.0 65.4 86 .4 83. 8 92 .6 86. 2 
1936- 37 70. 2 63.e 68 .8 74.u 79.0 87 .6 84 . 4 

1937- 38 76. 2 81 .0 80 .8 74. P 76 .6 78. 8 84 .8 
193e- 39 8L .t:. 75.0 se .o 81 .0 6? . 2 77 .4 86.2 
1939-LO 75.4 77 .6 7".0 87 .2 95 .6 88 .0 88. 8 
1940- 41 70. 8 71 . 8 58 • ..; 77 .0 82 . f- 58 .4 74 .2 
19hl-42 62 .8 74 .0 50.6 11.u 75 .0 79.8 7L.6 

1942-43 80.0 51.8 71.2 f, 0 •• Ro . 8 81 .2 86 .0 . . . 
1943- lL 76. ) 61.0 69 . 2 ( 'J .o 73 .6 7~ . 8 77 .o 
19uh-!~5 71 . !~ 64 .2 ...:2 .0 6' "I 72 .6 82 .0 70. P (.; . 

194-- iJ6 57 .0 76. 'J 79 . 8 7t.h 75 .4 f') . ') 82. 2 
1946-47 72 .L 117 .o 71.2 66 .0 79.8 70.6 74 .2 

19L7-u8 79 . 2 r~ .6 82 .0 8" ,t:, ~ . 79.6 63.8 79.0 
19Lf-h9 80. 2 63 •1; 6P .o f .. • - 77 . ~ 77 • ..; 79.0 
1949-50 69 .0 ..; ·, (,F'.f• 711 . " 79 . 2 80 .4 78.0 ' . 
1950- Sl 7'- . fl 61.0 h9. P. 7 3 . ~ f2. 4 75.6 79.4 
1951- 52 75.A 7R. o 84.2 79 .6 79 . 6 75.4 67 .4 

1952- )3 6f·. 2 I)E . l.r 6LI .6 e2 .u 81.8 79.0 77 .4 
1953- Su 66 .6 64.2 63 .4 ..;9 •11 ?? .o 87 .o 23.2 
1954- 55 117 . 8 ~7 .0 7f. .o 79.0 71.~ 88 .1J pn ;:: ., 
1955-56 73. ') 82 .2 [') . 11 67. 2 75 .6 7 2 . ~ f..LJ • s 
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Table 14. Dependent var iables for all Y's and methods (conti nued) 

Year x22 X23 X24 ~5 ~6 ~7 ~8 

1922-23 44 . 5 54 .1 67.0 73.5 87.5 84.1 74.9 
1923-24 38.1 55.9 69 .0 80 . 8 86 . 5 85.8 74.7 
1924- 25 58 .5 61.3 70 .6 74.1 87 . 8 82 .6 72.4 
1925-26 53 oJ 63.1 69. 8 83 .0 86 .9 85 .5 72.8 
1921..- ?7 47.4 57 .7 67.6 79.0 87.1 82 .8 73.7 

1G27- 28 56 .3 57.0 73.5 75.7 87.5 85.2 78o7 
1928- 29 1!6 .7 55 .4 68 .7 77.6 88.7 88. 8 70.3 
1929- 30 51.0 67 .4 68.5 78.9 88 . 3 83.2 74.3 
1930-31 48 .3 60. 8 69 . 6 85.3 91.3 87.5 75. 8 
1931-32 46 . 8 58 .4 69 .1 77.1 85 .9 86.7 78.0 

1932- 33 h7.1 55.1 62 .4 84 .6 91.1 83.f, 7h.9 
1933- 34 59. 3 ~7 .6 78. 3 77 . R 90 .5 88.5 72. 8 
193h-35 47.3 57.5 63 . 2 79.4 89 . 8 87.7 80.3 
1935-36 43 .3 63.6 74 .7 ro.6 89. 9 87.3 76.5 
19Y,-37 !6 . 8 54.3 71.8 77.3 87.6 87.4 80.2 

1937-38 44 .0 60.7 64 .9 79 .4 84.4 85 .5 81.7 
1938- 39 56.7 63.7 72.5 75.7 88.1 87.9 75.0 
1939-hO 59.4 60.0 75. 3 84 .2 89 .2 90 .1 74.3 
1940-hl 55. 3 56 .0 70.9 75.6 86.3 82 .4 69.9 
1941- h2 42 .1 61.7 62 .5 76.3 90 .4 87.2 76. 8 

1942- 43 51 .9 67.0 65 .7 74.4 87.9 86. 2 80.3 
1943- 41 h3.7 55. 5 69 .6 72.1 86 .9 86.1 75.9 
1944- 45 49.6 54.1 69 .0 69 .6 87.8 84 .1 70.7 
19h5- 46 54 .5 65 .0 64 .7 79. 2 88 .1 87.5 75.3 
1946-47 58 .7 57.3 72.8 71 . 9 89.0 84 .5 77 .o 

1947-48 46 .3 57.4 ~8 .5 77.1 86 .6 86 .8 79. 2 
19h8-49 47 .7 f-4.6 68. 3 74 .5 85.5 87.6 79.0 
1949-50 47.1 57 .4 62 .7 75.4 84 .6 85 . 2 74.7 
19.50-51 46 . 3 60.7 67 .2 73.6 87 .o 83.3 76.6 
1951-52 41 . 3 58.1 69 .9 77.9 84 .7 86.7 81 .5 

1952-53 55.1 55 .5 60 .6 76.4 89.4 86.1 80.0 
1953-54 L5. 9 6L . 8 72. 6 73.9 89.1 84.1 76.1 
195l~ -s5 40.4 53 .2 7'1 .7 75.0 86 .3 87.6 77.2 
1955-56 59. 9 no .r 71.1 81.8 88.4 85 .6 80.4 



Table 15. The general system of normal equations for Method III and Y1 

xo xl x2 X 
3 x4 x5 x6 

n ba + L x1 b1 + L x2 b2 + L x3 b3 + L x4 b
4 

+ L x
5 

b
5 

+ ~ x6 b6 

~ x1 b0 + ~ x~ b1 + .r. x1 x2 b
2 

+ l: x1 x
3 

b
3 

+ l: x
1 

x
4 

b
4 

+ l: x
1 

x
5 

b
5 

+ L x1 x6 b6 
2 

l: x2 bo + l: x2 x1 b1 + ~ x2 b2 + l: x2 x3 b3 + l: x2 x4 b4 + l: x2 x5 b5 + ~ x2 x6 b6 

l: x3 b0 + l: x3 x1 b1 + ~ x3 x2 b2 + l: xj b.3 + l: x3 x4 b4 + l: x
3 

x
5 

b
5 

+ ~ x
3 

x6 b6 

L x4 b0 + L x4 x1 b1 + L x
4 

x2 b
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+ l: x
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x
3 

b
3 

+ L x~ b
4 

+ L x
4 

x
5 

b
5 

+ l: x
4 

x6 b6 

t x5 b0 + l: x5 x1 b1 + l: x5 x2 b2 + l: x5 x3 b3 + l: x5 x4 b 
4 

+ l: x~ b5 + L x5 x6 b6 

t x6 bo + L x6 x1 b1 + ~ x6 x2 b2 + l: ~ x3 b3 + L x6 x4 b
4 

+ l: x6 x5 b
5 

+ L x~ b6 

yl 

::; ~ yl 

:!=: l: 11 Yl 

= L x2 Yl 

c ~ x3 Yl 

= ~ x4 Yl 

= l: x5 Yl 

= t x6 Yl 

~ 



Table ln. Original information matrix for Method III and Y1 (uncorrected sums of squares and products) 

Kcl • lo-1 Kc2 • lo-2 Kc3 • lo-2 Kch • lo-2 Kc5 • l o- 2 Kc6 .. lo-2 Kc7 • lo-2 Kc8 "' lo-2 

Krl • lo-1 33.00 1497.00 1500.20 1Jf.7 .50 1206 .30 1074. 80 1791.40 1615.40 

Kr2 • lo-2 1497.00 69710.18 68659. 90 62595 .91 55420.00 48724 .72 8140A .53 74568.22 

KrJ • lo-2 1500 .20 68659. 90 1)9497 .72 n2J00 . 93 55207 .58 49161.04 81687 .22 7h067. 88 

Kr4 • lo-2 1367.50 62595 . 91 62300. 93 5?47:; .o3 50387 .05 44696.<2 74418.45 67390. 26 

Kr5 • lo-2 1201- .30 55420 .00 55207 .58 50387 .05 44870.~9 3948?.42 65621.55 59456 .68 

Kr6 • lo-2 1074.80 48721.!. 72 49161.04 44696.22 394~2 . 42 35599. :?2 58501.83 52679. 96 

Kr7 • lo-2 1791.40 81408 •. 53 81687 . 2? 74418.45 65n21 .55 58501 . 83 97481.90 87696.?6 

&;: 



Table 17. Coded information rna trix (See original matrix and coding factors in table 16.) 

Xo xl x2 x3 x4 x5 x6 y1 

.3300 1.497000 1.500200 1.367500 1.206300 1.074800 1.791400 1.615400 

6.971018 6.865990 6.259591 5.542000 4.872472 8.140853 . 7.456822 

6.949772 6.230093 5.520758 4.916104 8.168722 7.406788 

5.747503 5.0,38705 4.469622 7.441845 6.739026 

4.487o69 3.9482h2 6.562155 5o945668 

3.559922 5.8501-83 5.267996 

9.7h8190 8.769676 

~ 



Table 18. Inverse coded matrix 

Xa x1 x2 x3 x4 

1297.4881 -14.2684 20.5083 16.2319 - 7.5142 

11.5737 - 4.5863 - 5.3113 - 7.4414 

12.9498 5.2427 - 1.5983 

21.8069 - 5.6655 

24 .7867 

X5 x6 

- 1 .9835 - 249. 8486 

6. 2179 2.1324 

- 4 .8o6o - 10.8324 

- 3.2144 - 13.8452 

- 6.2708 .3375 

24. 9124 - 9.0763 

69.1024 

b ' 

4.6356 

.7028 

.3591 

. 3673 

.3478 

. 2604 

1 .0426 

~ 
-.l 



48 

Table 19. Decoded regression coefficients for Method I 

Y1 y2 y3 y4 

bo + 56.2710 + 3.5.1071 + 36.850.5 + 40.4099 
bt + .1586 + .9792 + .6534 + .1454 
b2 162.6686 87 • .5085 32.4245 + 26.5478 
b3 + 2008.3162 885.9600 15.1837 + .526.2648 
b4 41168.8710 25124.6340 7003.2750 - 1966.9050 

~ 
+ 1918832.8000 + 732674.9000 322670..5000 -64838.5.0000 
-215o6714.oooo -23.544682.0000 -28475903.0000 +6083.5.5.0000 

Ys y6 y7 Y8 

bo + 77.1483 + llO.l461 + 89.6519 + 13.4445 
bl .0276 .5987 .281.5 + 1.2438 
b2 76.1377 133.8886 - 78.0981 27.3174 
b3 336.4172 + 228.2090 + 422.1336 + 14.6621 
b4 - 2.5313.2450 - 332.5.5.5400 29.53.5.46.50 - 23947.4.540 
bS - 730SOo3000 +1488461.9000 + 1831175.6000 + 1735872.3000 
b6 +1840373.0000 -98823.50.0000 -3.5044034.0000 - ?3742154.0000 

y9 Y1o y11 yl2 

bo + 57.1229 + 119. 76L9 + 31.210.5 + 22o7738 
b]. + .3394 .8587 + .7290 + .3172 
b2 83.7381 116.3636 + 45.3287 + 20..5039 
bJ + 1161.0484 + 325.350.5 437.0799 + 2076.22o6 
b4 .5088.4530 8179.8640 - 2834.1340 + 16015.5680 
bS + 4.53990.0000 + 1643571.6000 -498117 0 8000 17242.8000 
b6 -20212484.0000 -135.58710.0000 + 47344.0000 +29484807.0000 
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Table 19. Decoded regression coefficients for Method I (continued) 

y13 y14 y15 y16 

bo + 54.4650 + 102.9712 + 34.1543 + 134.1702 
bJ. + .3402 .1954 + .5466 .8730 
~ 2$.8812 84.2351 7.3617 94.7048 
b3 + 365.1320 723.5171 + 939.8034 1048.7913 
b4 7834.7500 - 33379.9050 + 13342.3450 1315.0100 
b5 + 451582.7000 +1218$06.7000 +1024179.8000 + 1542638.6000 
b6 +114899$.0000 -4.5.58464.0000 +2725519 .oooo -18845740.0000 

yl7 y18 yl9 Y2o 

bo + 137.3996 + 88.1649 + 72.5941 + 71.3829 
~ .9036 .1835 + .2368 + .1532 
b2 38.7629 8.5137 43.1901 + 14.5833 
b3 1523.6618 156.1663 + 82o9538 + 440.0016 
b4 30277.7270 13479 • .5270 1451.3910 - 28589.2300 
b5 + 1082596.1000 + 1367 859.1000 + 63417.8000 - 83416.1000 
b6 ·15589199 .. 0000 -15682066 .0000 +8578046.0000 +2407793 .oooo 

y2l y22 y23 y24 

bo + 88.2110 + 42.5667 + 64.5940 + 60.9939 
b]. .0310 + . • 5993 + .1379 + .1436 
~ 54.3693 93.7787 62.0565 25.9128 
bJ + 967.8115 + 366 .2834 + 335.5130 + 388.452.5 
b4 - 370.50.0720 2429.5.7180 19947.5640 4160.5450 
bS + 747111.6ooo + 77.5244.2000 + 802790.3000 + 649982.2000 
b6 -6435700.0000 -24473896.0000 -14u28912 .oooo +2446428.0000 
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Table 19. Decoded regression coefficients for Method I (continued) 

y25 y26 !27 y28 

bo + 99.6189 + 89.4723 + 82.8363 + 72.9470 

~ .2869 + .0154 .0257 .0194 
40.0677 15.3954 + 11.3298 + 36.4598 

b2 149.0296 + 163.2162 + 157.1917 )66.3973 
b) - 164?3.1030 h930.?070 405'4.0500 + 8369.3390 b4 + 777271.3000 + 300725.6000 + 447324.9000 - 22341.0000 b~ -7353308.0000 -5.55'6347.0000 -2811526.0000 -985030.0000 
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Table 20. Decoded regression coefficients for Method II 

y1 y2 y3 Yu rs 

bo +55.9730 +30.7745 +29.7698 +36.4400 +68.1289 
hJ. + .3761 + .2211 + .0166 - .1901 - .0126 
b2 + 1.0688 + .2533 + .2780 + .2034 - .0031 
b3 - .0388 + .0017 - .1799 - .0216 + .3024 
b4 - .2036 - .0374 + .2569 + .2413 + .2332 
b5 + .0862 + .6365 + .3503 - .2935 - .3029 
b6 + .1855 + .4156 + .0059 - .1371 + .4596 
b7 - • 81.15 - .2010 - .4385 - .043e - .2325 
b8 - .5032 - .4126 + .2318 + .3859 - .4159 

y6 y7 Y8 y9 Y1o 

bo +102.6472 +88.4939 +11.2835 +55.3205 +111.6309 
b:l. + .1994 + .4617 + .1597 + .3631 + .2219 
b2 + .3641 + .1173 + .3858 + .4778 + .26e3 
b3 + .1339 - .2116 - .0070 - .1868 . 2361 
b4 .1231 - .4464 - .444e + .0130 + .1864 
b5 .1616 + .4073 + .4201 + .4532 .14e2 
b6 + .4059 + .1563 + .7ooe - .3691 + .3224 
b7 .3619 - .3555 - .1225 - .4763 .1901 
be .9146 - .4605 + .1715 - .0205 .52e5 

yl1 y12 y13 yl4 y15 

bo +26.0439 +33.4592 +51.4079 +96.0425 +31.7o1e 
b1 - .2904 - .1206 - .2011 + .1886 + .2553 
b2 + .1822 + .1e76 + .4507 + .3062 - .1613 
b3 - .2553 + .5245 + .4392 - .1123 + .118e 
b4 + .4554 - .0464 - .2339 - .1471 - .0502 
b5 .. .2292 - .5662 - .0387 + .0491 - .0123 
b6 + .337e - .0513 + .1351 + .3456 + .16e2 
b? + .0113 - .0047 - .1102 + .1283 - .1719 
be + .5167 + .5047 + .oooo - . euee + .5449 
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Table 20. Decoded regression coefficients for Method II (continued) 

y16 ~7 y18 y19 y20 

bo +145.2779 +126.9837 +93.7041 +71.5291 +70.7749 
bJ. + .2368 + .4823 + .4069 + .1931 + .0056 
b2 + .4026 .2245 - .2754 - .4452 + .2286 
b3 .6221 .5154 + .0194 + .5490 + .0259 
b4 .2238 .2999 - .7002 - .0205 - .1351 
b5 + .6918 + .3328 + .4631 + .0317 - .1831 
b6 + .0720 .n68 + .0906 + .0400 - .1253 
b7 .2345 + .3542 + .0230 + .1269 + .3082 
b8 - 1.2863 .8822 - .2726 - .1816 + .0013 

y21 y22 y23 y24 y25 

bo +85o2178 +38.6698 +6o.3131 +58.9091. +99.8420 
~ + .2105 + .2031 + .1637 + .0183 + .2427 
b2 + .4416 + .5331 + .2584 + .2036 + .0393 
b3 - .0036 - .0713 + .0018 + .0624 - .0763 
b4 - .2164 + .oo62 - .0892 + .0041 - .2379 
b5 - .0346 + .3511 + .0871 - .1357 + .1966 
b6 - .2615 + .2035 + .2043 + .1998 - .0460 

~ 
+ .1073 - .4822 - .2651 - ol303 + .0692 
- .3233 - .2255 - .2088 + .0182 - .4790 

y26 y27 y28 

bo +88.2023 +83.5821 +73.1750 

~ + .1151 + .0968 + .0120 
+ .0731 - .0052 - .3251 b2 - .1007 - .1616 - .0343 

b3 - .0088 - .0712 - .0566 
b4 + .0667 - .0356 + .o565 
b5 - .0637 + .0481 + .0398 b6 - .0129 + oo634 + .1089 
b~ - .0571 + .0541 + .1793 
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Table 21. Decoded regress ion coefficients for Method III 

yl y2 y3 y4 Y5 

bo +46.3560 +3.7619 +42.9584 +50.8121 +48. 7152 
bj_ + .7028 + .4241 - .1309 - .0173 + .o186 
b2 + .3591 - .1454 + .2895 - .0327 - .1361 
b3 + .3673 + .o694 + .1334 - .1084 - .1257 
b4 - .3478 - .01199 + .1340 + .0692 + .6537 
b5 + .2604 +1.0484 + . 5185 - .lh90 - .2155 
b6 - 1.0426 - .0352 - .4926 + .2325 - .041.1 

y6 y7 Y8 y9 Y1o 

bo +8o.3272 +82 .6631 +10.0908 +64.7039 +100.5490 
bl + .4987 + .4130 - .0458 - .o665 + .1273 
b2 - .0692 + .3402 + .5172 + .6016 + .2313 
b3 + .2730 - .0165 + .3261 + .1109 .2890 
b4 - .1819 - .5244 - .2424 + .2265 + .4673 
b5 + .1888 + .5429 + .5105 + .08o7 .1211 
b6 .9294 . 9713 + .1878 .7545 ~ . 9113 

y11 y12 y13 y14 y15 

bo +31.8153 +46.2756 +50.3227 +68 .2235 +32.2793 
hJ. - .0792 + .0317 + .1440 + .4394 + . 2340 
b2 - .0482 - .0287 - .1219 - .1055 - .0957 
b3 - .2873 + .3969 + .3965 + .o628 - .5345 
b4 + .2998 + .o466 - .1933 - .2626 + .3809 
b5 + .0402 - .7745 + .1368 + .3533 - .0341 
b6 + .7280 + .5398 + .0787 - . 2945 + o7990 



54 

Table 21. Decoded regression coefficients for Method III (continued) 

Y16 y17 Y18 yl9 Y2o 

bo +110.4507 +101.0960 +81.687.3 +56.4026 +78.0714 
b]. + .4687 + .2164 + • .3740 + .)2.38 - .0.34.3 
b2 + .068) .025.3 - .0.363 - .2Bo8 + .1758 
b3 .o684 .4313 + .o655 - .1.1.43 + .6050 
b4 .6539 .2385 - • 1739 + .1624 - .4716 
b5 + o9410 + .2376 + .5313 + .1215 - .)000 
b6 - 1.2686 .3301 - .2089 + .2681. - .0194 

y21 y22 y23 y24 Y25 

bo +85.3466 +30. 8973 +56.1260 +54.5468 +88.0356 

~ + .3575 + .3301 + .1437 + .1627 + .2598 
+ .ll98 + .1674 + .2037 - .0.351 + .017.3 b2 + .5550 + .1882 + .0173 - .0480 + .1198 

b3 - .5969 - .09.36 - .0016 + .0872 - .3935 b4 - .0302 + .6092 + .1567 - .0504 + .2401 
b~ - .4581 - .5192 - .3177 + .1675 - .3975 

y26 y27 y28 

bo +89.7842 +85.3375 +75.5630 
bJ. + .0412 + .0867 + .0176 
b2 + .1571 + .0439 - .1178 
b) - .0.37.3 - .0391 - .2128 
b4 - .0523 - .1925 - .0923 

~ 
+ .0475 + .0100 + .1597 - .1667 + .0559 + .2269 



Table 22. Decoded regression coefficients for Method IV 55 

yl y2 YJ y4 Ys 

bo +29.e3o6 -26.2719 +7.6924 +52. 7135 +55.28)6 
bl + .3415 + .1285 + .0844 - .1738 - .0563 
b2 + .5127 - .2204 + .0114 + .1520 - .1050 
b) + .5453 + o443J + .1876 + .1249 + .3128 
b4 - .2021 - .3918 - .2725 - .3560 - .3274 
b5 - .0147 + .1005 - .0245 + .1518 + .lOll 
b6 + .2096 + .2227 - .0382 + .0586 + .7140 
b7 - . 8863 + 1.4134 + .9629 + .0747 + .4656 

Y6 y7 Y8 y9 Y1o 

bo +70.8790 +66.6023 -1.4208 +34.4722 +79.4078 
b1 + .2412 + .3114 + .1176 + .1837 + .25)6 
b2 - .0091 + .2401 + .2512 + .3534 + .0496 
b3 . + .3663 - .1837 - .0005 + .1603 + .2493 
b4 + .0012 + .0513 + .0164 - .4137 - .5664 
b5 - .0763 - .0541 •• 06u6 + .1995 - .0519 
b6 + .2699 - .0091 - .oo45 - .0045 + .3665 
b7 - .9369 - .4688 + .9695 + .1653 - .5644 

Y11 yl2 yl3 Y14 Y15 

bo +44.6808 +78.L.586 +40.3897 +63.0240 +41.2124 
b1 - .1994 + .o76u - .1703 + .1353 + .1472 
b2 + .2296 + .lh66 + .0798 + .0088 - .1287 
b3 + .0259 + .0080 + .2585 + o2904 + .1055 
bu - .1926 + .u7o4 - .1444 - .0569 - .5490 
b5 - .2072 + .1048 + .5009 - .1034 + .2350 
b6 + .3095 - .1h27 - .2210 - .1486 + .3228 
b7 + .5090 - .B3uS + .3674 - .1899 + .6107 
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Table 22. Decoded regression coefficients for Method IV (continued) 

yl6 y17 yl8 y19 y20 

bo +78.2927 +74.3170 +69.2928 +66.2329 +95.7672 
bJ. + .o6S6 + .3528 .. .4272 + .1938 + .1237 
b2 + .2173 - .4548 - .3694 - .1979 + .1951 
b3 .. .0791 + .1231 - .1782 - .2807 - .0442 
b4 - .0640 - .4742 .. .3197 + .2917 + .6884 
b5 - .2702 - .0193 - .oo4S + .3718 - .2966 
b6 - .o622 - .3371 - .SSSl - .o680 - .2573 
b7 - .2019 + .6640 + o4323 - .0017 - .7493 

!21 y22 y23 y24 Y25 

bo +85.9433 +3.6554 +46.3046 +57.6968 +79.6712 
bJ. + .2867 + .1831 + .1044 .. .0412 + .2272 
~ + .1528 + .1014 + .1467 + .0596 - .o627 
b3 + .2h34 + .3919 + .1305 + .1562 - .ooo8 
b4 + .3173 - .29o6 - .1721 - .1708 + .1719 
b5 - .1479 + .0205 + .0653 + .0729 - .oS6o 
b6 - .2136 + .1320 + .1693 + .1151 - .2288 
b7 - .7221 + .5013 - .1072 + .0068 - .1370 

Y26 y27 Y28 

bo .. as .5197 +87.7888 +78.1836 
b1 + .oBoh + .1526 + .0330 
b2 + .1189 - .0403 - .1786 
b3 - .0568 - .0164 - .1800 
bu - .0291 + .0813 + .0707 
b5 + .0171 - .1812 - .0545 
b6 - .0546 - .1007 - .0796 
b7 - .0399 + .0224 .. .3099 



Table 23. Total sums of squares, corrections, corrected stUns of squares, and sums of squares attributable 
to regression for the 4 methods 

Total Corrections Method I Method II Mctr..od !II Metho~ IV 
Period y2 y2 y2 y2 y2 y -

yl Bll23.8o 79076.28 2047.52 1121.88 1253.18 1167.37 1090.66 

y2 81176.88 79056.70 2120.18 843 .97 799.44 790.26 755.32 

y3 86614.64 84998.64 1616.00 533 .12 426.23 316.17 226o70 

Y4 96964.92 95172.51 1792.41 74.92 136.35 21.47 119.13 

Y5 103570.64 101748.17 1822. 47 284.37 455.08 299.89 711.29 

y6 121386. 36 119448.88 1937.48 539.20 601 .97 499.64 466.78 

y7 128571.52 126703.24 1868. 28 518.40 413o27 486.62 229.67 

Y8 132682.12 130977.00 1705.12 788.07 890.22 755.10 573.86 

y9 134931.36 133381.94 1549.42 467.20 686.75 456.72 476.53 

Y1o 142827.92 140597o45 2230.47 432.57 670.00 438.78 564.48 

y11 145492.32 143378.64 2113.68 140.14 402.55 156.27 269.o6 

y12 157428.76 155461.36 1967.40 600.45 420.16 438.50 271.58 

y13 160436.52 158995.40 1441.12 86.73 320.46 176.97 419.64 
\J1. 
--.1 

y14 171826.16 170496.48 1329.68 413 .69 375.03 231.31 152.27 



. Table 23. Total sums of squares, corrections, corrected sums of squares, and sums of squares attributable 
to regression for the 4 methods (continued) 

Total Corrections Method I Method II Method III Method IV 
Period y2 y2 y2 y2 72 1'2 

Y15 175370.96 173847.97 1522.90 267.12 322.99 323.28 455.08 

y16 163119.76 161084.59 2035.17 468.84 727.53 642.57 122.93 

yl7 177585.60 175827.80 1757 . 80 416.89 565.48 216.45 502.16 

y18 199032.56 197664.12 1368.44 164.81 453.17 299.07 369.68 

y19 202251.32 200990.46 1260.86 131.79 300.65 208.49 290.00 

Y2o 220347.24 219243.15 1104.09 134.64 136.58 259.06 390.58 

y21 224901.84 223732.60 1169.24 254.81 317.31 412.93 343.89 

y22 82219.85 81016.73 1203.12 538.84 562 .06 476.94 439.72 

y23 117985.36 117435.94 549.42 175o21 165.97 133.94 152.00 

y24 157540.63 157016.41 524.22 78.43 93.31 68.08 77.94 

y25 198294.74 1978u9.91 4U4.83 80.25 128.21 114.06 82.94 

y26 254708.12 254602.48 105.64 17.17 22o51 33.21 33.91 

y27 2U4o3u.o9 2u3913.22 120.87 25.59 28.50 21.91 74.82 

y28 192611.t.9a 192283.67 331.31 54.03 77.37 5B.n 78.77 \J1. 
co 
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Table 24. R2 values and probability levels for all Y periods and 
methods 

Method I Method II Method III Method IV 
Period (R2) (R2) (R2) (R2) 

yl .5h792 ( .005)* .61205 (.005) .5701h (.005) .53267 (.005) 

y2 .39807 (.05) .37706 (.25) .37273 (.05) .35625 ( .10) 

y3 .32990 (.10) .26376 (.50) .19565 (.5o) .14029 (n.s.) 

y4 .04180 (n .s. )** .07607 (n.s.) .01198 (n.s.) .o66h7 (n.s.) 

r5 .156oh ( n. s. ) .24971 (.50) .16455 (n.s.) .39029 (.10) 

Yf, • 27830 ( .25) • 31070 (.50) .25788 (.25) . 24092 (.50) 

y7 .27748 (.25) .22120 (n.s.) .26046 (.25) .12293 (n.s.) 

Ya .46218 (.01) .52209 (.025) .44285 ( .025) .33655 ( .25) 

y9 .30153 (.?5) .44323 ( .05) .29477 ( .25) .30755 (.25) 

Y1o .19394 (.5o) .30038 (.50) .19672 (.50) .25308 (.50) 

Yn .06630 (n.s.) .19045 ( n • s • ) .07393 (n.s.) .12729 (n.s. ) 

yl2 .30520 (.25) .21356 (n.s.) .22288 (.5o) .13804 (n.so) 

yl3 • 06019 ( n. s. ) .22?37 (n.s.) .12280 (n.s.) .29119 ( .25) 

Y14 .31112 (.25) .28205 (.50) .17396 (n.s.) .11452 (n.s.) 

y15 .17539 (.50) .21208 (n. s .) .21227 (.50) .29881 (.25) 

Y16 .23037 (.5o) .35748 (.:?5) .31574 (.25) .06040 (n.s.) 

y17 .23717 (.50) .32170 (.25) ol2314 (n.s.) .28567 (.25) 

Y1a .12044 (n.s,.) .33091 ( .25) .21855 (.5o) . 27015 (.50) 

y19 .1 045 2 ( n • s • ) .23845 (n.s.) .16536 (n.s.) .23000 (.50) 

Y2o .1219h (n.s.) .12371 (n.s.) .23464 ( .50) .35376 (.25) 

Yn .21793 (.50) .27138 (.50) .35316 (.10) .29Ull (.25) 
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Table 24. R2 values and probability levels for all Y periods and 
methods (continued) 

Method I Method II Method III Method IV 
Period (R2) (R2) (R2) (R2) 

122 .o47B7 < .o25) .46717 (.05) .39642 ( .o5) .36548 (.10) 

y23 .31889 (.10) .30207 (.50) .24379 (.50) .27665 (.50) 

124 .14961 (n.s.) .17801 (n.s.) .12987 (n.s.) .14868 (n.s.) 

!25 .18042 (.50) .28821 (.50) .25641 (.25) .18645 (n.s.) 

y26 .16254 (n.s.) .21310 (n.s.) .31438 ( .25) .32103 (.25) 

y27 .21174 (.50) .23580 (n.s.) .18129 (.50) .61905 ( .005) 

Y28 .16310 (n.s.) .23352 (n.s.) .17540 (.50) .23775 (.5o) 

* Values in parenthesis are the approximate probability levels 
associated with tabled F valueso 

·** Not significant at 50% level of probability or less. 
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Table 25. Analysis of variance for the m·.u tiple linear regression 
of Method I , Y1 

Degr ees of Sum of Mean 
Source of variation freedom squares squares 

Due to regression 6 1121.88 186 .98 

Deviations about regression 26 925.64 35.60 

Total 32 2047.52 
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Table 26. Independent (X) variables for 1922-23 and 1955-56 

1922-23 

Method I Method II Method III Method IV 

x1 • Uh.o3 x1 • 36.8 >;_ • 36.3 x1 • 36.8 

x2 • 0.2375 x2 • 36.o x2 • 36.o · x2 • 38.o 

x3 • 0.00845 X3 • 34.8 x3 • 36.8 x3 • 34.o 

x4 • 0.0002577 x4 • 26.1 x4. 27.8 x4 • 35.8 

x5 • 0.000006698 Is - 39.2 x5 • 36.2 x5 • 34.3 

x6 • 0.0000001395 x6 • 35.o x6 • 54.7 x6 • 27.6 

x7 • 42.3 x7. 47.0 

x8 • 10.8 

1955-56 

Method I Method II Method III Method IV 

x1 • 44.59 xl • 33o0 x1 • 35.o X1 • 33.0 

x2 • 0.1944 x2 • 43.1 x2 • 38.3 x2 • 4o.o 

x3 • o.oo5690 x3 • 36.1 x3 • 4o.8 x3 • 46.2 

x4 • 0.0001723 x4 • 25.7 x4. 27.8 X4 • 38.0 

x5 • o.ooooo556o x5 • 4l.o x5 • 4o.9 x5 • 35.2 

x6 • 0.0000000613 x6 • 39.6 x6 • 52.5 x6 • 30.2 

x7 • 43.9 x7 • 47.0 

x8 • 65.6 



Table 27. Actual, computed, and deviations fran actual temperatures for 1923 

33-year average 
Actual temperatures l~ethod I Method II Method III Met hod IV 

Period te~. (Comp.) (Dev.) ( Co!!!E • ) ( Dev. ~ ( Comp. ) ( Dev. ~ ( Co!!!E • ~ ( Dev • ) (Co~.~ (Dev. ) 

yl 35.4 49.0 +13.6 40.8 + 5.4 41.5 + 6.1 41.0 + 5.6 36.8 + 1.4 

y2 41.0 49.0 • 8.o 45.1 + 4.1 49.1 + 8.1 50.6 + 9.6 47.2 + 6.2 

y3 57.0 50.8 - 6.2 49.9 - 7.1 52.6 - 4.4 49.1 - 7.9 51.2 - 5.8 

y4 50.4 53.7 + 3.3 52.8 + 2.4 51.6 + 1.2 53.5 + 3.1 53.9 + 3.5 

rs 48.8 55.5 + 6.7 48.3 - 0.5 49.1 + 0.3 50.2 + 1.4 49.4 + 0.6 

Y6 59.4 60.2 + o.8 54.9 - 4.5 52.3 - 7.1 56.9 - 2.5 52 .7 - 6.7 

y7 59.2 62.0 + 2.8 62.0 + 2.8 64.5 + 5.3 61.2 + 2.0 58.6 - o.6 

Y8 47.6 63.0 +15.4 64.0 +16.4 67 .2 +19.6 61.1 +13.5 60.7 +13.1 

y9 59.2 63.6 + 4.h 54.8 - 4.4 63.0 + 3.8 56.0 - 3.2 59.8 + o.6 

y10 6f>.2 65.3 - 0.9 64 .1 - 2.1 60.7 - 5.5 58.3 - 1.9 60.6 - 5.6 

y11 75.8 65 .9 - 9. 9 66.3 - 9.5 64.8 -11.0 66. 2 - 9.6 65 .4 -10.4 

y12 56.6 68.6 +12.0 67 .3 +10.7 64.5 + 7.9 63.8 + 7.2 64 .4 + 7. 8 

y13 69.8 69.4 - 0.4 67 .6 - 2.2 68.0 - 1.8 69.6 - 0.2 69.1 - 0.7 

y14 71.6 71.9 + 0.3 67.2 - 4.4 65.6 - 6.0 72.1 + o.5 67.8 - 3.8 
( )'. 

y15 62.6 72.6 +10.0 75.1 +12.5 74. 8 +12.2 70.7 + 8.1 71.3 + 8.7 \..,) 



Table 27. Actual, computed, and deviations from actual temperatures for 1923 (continued) 

33-year average 
Actual temperatures Method I Method II Method III Method IV 

Period te~. (Co~.) (Dev.) (Co~.) (Dev.) ( Co!!!E. ) ( Dev. ) {Co!!!! • ) { Dev • 2 (Co!!!E.) (Dev.) 

yl6 66.0 10.0 + 4.0 71.7 + 5.1 69.6 + ).6 13.9 + 7.9 68.9 + 2.9 

yl7 73.8 13.0 - o.8 72.8 - 1.0 72.4 - 1.4 76.1 + 2.3 78.5 + 4.7 

y18 78.4 77.4 - 1.0 80.2 + 1.8 84.2 + 5.8 82.7 + 4.3 81.2 + 2.8 

y19 68.8 78.0 + 9.2 74.7 + 5.9 76.3 + 7.5 77.4 + 8.6 71.5 + 8.7 

Y2o 69.8 81.5 +11.7 11.1 + 1.9 78.1 + 8.3 80.4 +10.6 78.4 + 8.6 

y21 79.2 82.3 + 3.1 76.7 - 2.5 76.4 - 2.8 80.3 + 1.1 77.0 - 2.2 

y22 44.5 49.6 + 5.1 45.3 • o.8 47.8 + 3.3 46.9 + 2.h h5.1 + o.6 

y23 54.1 59.1 + 5.6 57.0 + 2.9 57.9 + 3.8 56.5 + 2.4 55.9 + 1.8 

y24 67 .o 69.0 + 2.0 68.1 + 1.1 66.6 - 0.4 67.2 + 0.2 66.7 - 0.3 

y25 73.5 77.4 + 3.9 76.2 + 2.7 76.4 + 2.9 78.5 + 5.0 77.1 + 3.6 

y26 87.5 87.8 + 0.3 87.3 - 0.2 87.1 - 0.4 86.7 - 0.8 87.2 - 0.3 

y27 84.1 86.0 + 1.9 87.3 + 3.2 86.3 + 2.2 86 .7 + 2.6 86.3 + 2.2 

y28 74.9 76.3 + 1.4 79.5 + 4.6 80.1 + 5.2 79.8 + 4.9 79.5 + 4.6 

Maximum dev. from actual 1S.4oo 16.400 19.600 13.500 13.100 
"' Average devo (Y1 to Y21) 5.929 5.U9 6.176 5.576 5.019 :::-

Standard dev. (Yl to Y?1) 7.744 6.888 7.695 ~. ~ 6.879 6.276 



Table 28. Actual , computed, and deviations from actual temperatures for 1956 

==,j-year average 
Actual temperatures Het hod I ;1ethod II I1ethod III Met hod IV 

Period te~ . ( Comp. 2 ( Dev. ) (Co~. ) ( Dev. ) (Comp.) (Dev.) ( Co!!!E. ) ( Dev • ~ ( Comp • ) ( Dev. ) 

y1 56.0 49.0 - 7.0 45.4 -10.6 50.1 - 5.9 45.9 -10.1 43.3 -12.7 

y2 68.0 49.0 -19.0 55.0 -13.0 55.0 -13.0 55.0 -13.0 51.4 -16.6 

y3 55.8 50.8 - 5.0 54.9 - 0.9 53.0 - 2.8 54.0 - 1.8 52 .5 - 3.3 

y4 46.2 53.7 +7.5 51.1 + 4.9 50.4 + 4.2 51.8 + 5.6 55.9 + 9.7 

y5 59.6 55.5 - 4.1 54.6 - 5.0 52.8 - 6.8 48.3 -ll.3 54.5 - 5.1 

y6 62.0 60.2 - 1.8 6o .7 - 1.3 60.2 - 1.8 60.1 - 1.9 56 . 9 - 5.1 

y7 65 . ? 62.0 - 3.2 67 .3 + 2.1 66 . 8 + 1.6 66 .1 + 0. 9 55.7 -9.5 

Y8 70.4 63.0 - 7.4 67.8 - 2.6 72.4 + 2.0 65.6 - 4. 8 60. 8 - 9.6 

y9 61.2 63.6 + 2.4 63.0 + 1.8 63.2 + 2.0 59.9 - 1.3 61.0 - 0.2 

Y1o 69.L 65.3 - 4.1 67.6 - 1.8 64.1 - 5 .3 59.1 -10.3 62.5 - 6.9 

y11 70.6 65.9 - 4.7 66.8 - 3.8 65.2 - 5.4 63 .7 - 6.9 67.1 - 3.5 

y12 53.2 68.6 +15 .4 57 . 2 + 4.0 63 .1 + 9.9 60 .4 + 7.2 65 .3 +12.1 

y13 77o2 69.4 - 7.8 67.9 - 9.3 73.0 - 4.2 71.2 - 6.0 72.6 - 4.6 

y14 81.2 71.9 - 9.3 74.5 - 6.7 73.3 - 7.9 73.8 - 7.4 71 .0 -10.2 

yl5 73.0 72.6 - 0.4 70 .6 - 2.4 70.5 - 2.5 66 .1 - 6.9 71.7 "' - 1.3 V\ 



Table 28. Actual, computed, and deviations from actual temperatures for 1956 (continued) 

~-year average 
Actual temperatures Method I Method II f-1ethod III Method IV 

Period te!!!E· (Co!E£• ~ ~Dev. ~ (ComE o ) ( Dev. ) (Co!!!E.) (Dev.) (Co!!!E•) ~Dev. 2 ( Co!E£.) (Dev.) 

yl6 82.2 69.9 -12.3 78.1 - 4.1 78.8 - 3.4 80.4 - 1.8 69.5 -12.7 

yl7 80.6 73.0 - 7.6 8o.8 + 0.2 73.6 - 7.0 75.9 - 4.7 75.8 - 4.8 

y18 87.8 77.4 -10.4 81.8 - 6.0 83.7 - 4.1 85.3 - 2.5 75.9 -11.9 

y19 75o6 78.0 + 2.4 75.9 + 0.3 71i.6 - 1.0 75.9 + 0.3 73.8 - 1.8 

Y2o 78.4 81..5 + 3.1 78.3 - 0.1 79.4 + 1.0 81.9 + 3.5 78.3 - o.1 

y21 84.6 82.3 - 2.3 79.1 - 5.5 79.2 - 5.4 83.2 - 1.4 79.2 - 5.4 

y22 59.9 49.6 -10.3 51.8 - 8.1 52.7 - 7.1 51.6 - 8.3 49.1 -10.8 

y23 60.8 59.7 - 1.1 60.7 - 0.1 61.0 + 0.2 58.7 - 2.1 57.5 - 3.3 

y24 71.1 69.0 - 2.1 67.6 - 3.5 68.5 - 2.6 66.1 - 5.0 68.5 - 2.6 

y25 81.8 77.4 - 4.4 79.2 - 2.6 78.5 - 3.3 80. 7 - 1.1 75.8 - 6.0 

Y26 88.4 87.8 - 0.6 88.2 - 0.2 87.2 - 1.2 87.5 - 0.9 86.3 - 2.1 

y27 85.6 86.0 + 0.4 86.4 + 0.8 85.1 + 0.1 86.5 - 0.9 85.2 - 0.4 

y28 80.4 76.3 - 4.1 78.4 - 2.0 77.3 - 3.1 78.9 - 1.5 76 .7 - 3.7 

Maximum dev. from actual 19.000 13.000 13.000 13.000 16.600 
Average dev. (Yl to Y21) 6.533 4.114 4.629 5.219 7.005 C"-

Standard dev. (Y1 to Y21) 8.196 5.484 5.655 6.528 8.567 ~ 
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Table 29. Maximum daily temperature data for Logan , Utah, 1956-57 

1956 
Day September October November December 

1927 
January February March 

1 74 70 34 42 34 33 45 
2 82 71 32 38 31 41 So 
3 '85 74 12 39 40 40 49' 
4 77 77 31 42 25 35 ~ 
5 79 75 34 49 31 32 41 

6 83 74 42 32 16 32 47 
7 84 7Ii 47 31 23 34 44 
8 85 77 46 15 26 39 54 
9 84 73 so 14 Jh hB 64 

10 87 66 53 18 28 46 57 

11 80 67 58 32 26 36 45 
12 86 7h 58 45 41 53 so 
13 85 51 57 45 44 44 57 
14 82 59 56 44 39 37 39 
15 84 b2 35 39 41 39 44 

16 84 65 43 44 39 12 56 
17 85 69 45 42 26 37 57 
18 87 70 hS 41 20 37 49 
19 86 65 32 34 23 37 52 
20 • 89 §2 24 41 41 52 58 

21 82 62 28 37 36 so 60 
22 65 65 33 34 32 47 39 
23 72 62 37 25 22 54 tt 24 72 59 40 32 29 52 
25 77 35 41 Jl 31 56 44 
26 80 h6 40 32 .lQ 51 45 
27 R2 57 41 22 29 52 48 
28 17 62 39 22 29 So 54 
29 73 34 40 29 21 59 
30 70 41 41 30 15 56 
31 55 30 21 so 
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Table 30 . Computation of orthogonal polynomial coefficients for 1956- 57 

Sum of 2-day Sum Difference 
temperatures (s) (d) Computation of coefficients 

83 83 166 0 
89 75 164 14 Ao a~: 8168 • 90 .7556 
17 71 148 6 tr 90 
32 57 89 -25 

A1 "' E ~d e~ l • 46 63 109 -17 80, 932 • 0.3331 
81 44 125 31 t ~;z 242,970 
81 59 140 22 I 

80 64 144 16 A2 • 1: < s e 2 > • 1, 895 ,~39 • 0.025697 
81 71 152 10 E e~ 73,765, 92 
80 56 136 24 
81 39 120 42 I 

77 6o 137 17 A3 • t~d ~~} · · -350 .~ 879 
61 Sb 115 1 £ ~;z 47,3~8 , 112 ,220 
56 85 1Ll - 29 
90 80 170 10 .. -o.ooooo1uo8 
78 65 luJ 13 

113 43 156 70 I 

116 77 193 39 A4 .. r. (s~4-).. -k9 , 176 ,62~ 
103 54 157 49 l: ~~ z. 74,4:>7 ,409 , ?8 , 260 

93 6o 153 33 
76 59 135 17 • -0.000001063 
61 50 111 11 
66 36 102 30 I 

96 7L 170 22 AS. '£ (d~s). 1 1 J78 ,~ 759 2 3~ 
96 15 171 21 t ~;2 19,677,062,617,7 ,620 

103 64 167 39 
94 73 167 21 • 0.0:)000007007 

127 94 221 33 
127 89 216 38 
135 81. 216 54 
134 74 208 60 
121 74 195 47 
125 89 214 36 
133 97 230 36 
150 1o6 256 44 
148 107 255 41 
152 102 254 so 
145 95 240 so 
140 102 2u2 38 
150 88 238 62 
162 98 26o 64 
149 121 270 28 
137 95 232 42 
171 96 267 75 
173 100 273 73 

Sum Bi68 
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Table 31. Independent (X) variables for the 1957 forecasts 

Method I 

x1 • Ao • 90.7556 • 45.38 
2 2 

x2 • ~ • 0.3331 • 0.1666 
2 2 

X3 a A2 • 0.025697 • 0.012849 
2 2 

x4 • A3 + 0.0001800 • -0.000007408 + 0.00018oO • 0.0001763 
2 2 

x5 • ~ + 0.00000550 • -0.000001063 + 0.000000550 • 0.000004968 
2 2 

X6 a A5 + 0.00000025 • 0.00000007007 + 0.000000250 • 0.0000002851 
2 

Method II Method III Method IV 

x1 • 49.2 x1 • 46.3 x1 • 49.2 

~ • 50.4 x2 • 54.5 ~ • 52.8 

X3 • 46.) X3 • 49.2 x3 • 48.o 

x4 a 34.8 x4 • 4o.o x4 • 5o.8 

xs - 31.1 x, .. 31.5 x, • 44.0 

X6 • 33.6 x6 • 53.4 x6 • 40.1 

x7 • 41.9 x7 • 45.2 

x8 • 69.4 



Table 32. The 1957 temperature forecast 70 

Period 33-year Method I Method II Method III Method IV Actual 
average 

yl 49.0 58.3 59.5 55.2 57.3 55.2 

y2 49.0 46.1 49.5 47.2 47.0 42.2 

y3 50.8 49.9 54.0 54.6 48.5 53.4 

y4 53.1 54.8 56.1 52.8 52.5 

r5 55.5 54.6 56.9 55.9 57.4 

y6 60.2 62.3 62.7 62.1 65.0 

y7 62.0 63.2 62.9 63.8 64.5 

Y8 63.0 63.2 66.2 68.6 64.9 

y9 63.6 69.1 69.4 71.2 64.9 

Y1o 65.3 68.4 68.0 67.8 64.6 

y11 65.9 63.3 65.5 63.5 64.8 

y12 68.6 78.4 75.3 72.0 75.4 

y13 69.4 71.5 75.1 70.6 71.1 

y14 n.9 69.7 70.0 70.8 74.0 

yl5 72.6 78.0 75.8 68 .4 69.7 

y16 69.9 67.2 65.5 68.3 70.0 

y17 13.0 66.0 65.1 68.8 65.1 

yl8 77.4 76.4 15.9 74.9 75.6 

!19 78.0 79.7 78.3 75.0 80.2 

Y2o 81.5 81.7 82.1 86.5 87.8 

y21 82.3 85.5 85.3 86 .4 88.2 

y22 49.6 51.4 54.5 52.5 50.9 50.3 
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Table 32. The 1957 temperature forecast (continued) 

Period 33-year Method I Method II Method III Method IV Actual 
average 

y23 59.7 61 .2 62.3 62 .4 61 .5 

y24 69.0 71.4 71 .L 68 .6 69.8 

y25 77.4 76.9 76.2 77.5 78 .4 

y26 87. 8 88 .4 88 .0 88 . 9 88.3 

y27 86 .0 86 .3 85.0 85.u 85 .5 

y28 76.3 7L.5 73.9 72.9 73.7 



METHOD I 

Orthogonal polynomial coefficients ~
ember 18 (leap year 19) March 16¥Maroh 17 

as a function of temperatures ) (Y•s are the 

Septembe~ 

same for all methode, .

1 
METHOD II 

~ Xg •I• x.,---t. x6 + 

ME'l'HOD III 

...,...... l)j·-*xJ~ (same as above) ·I x6 
~I~ rr x5 ~· ~ 

METHOD IV 

L ~X . 

x.; •k:gk5\1,, (same as above) ~ ,~ 

Figure 1. Graphic representation of the dependent (Y) variables and the 4 met hods of independent (X) 
variables (See tables 2, 3, 4, and 5 for the days in each variable) 

_, 
N 
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