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INTRODUCTION

The purpose of this thesis is to investigate the practicability
of forecasting temperatures for the spring and summer snowmelte-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 meteorclogical events provides the thermodynamie
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 nceded, along with results from 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, 2nd streamflow data, the probable shape of the streame
flow hydrorraph for 2 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 planning the opera-
tion of multiple=purpose reservoirs or for the prediction of flood or
drought conditions.

Since temperatures during the snowmelt season are an excellent

index of snowmelt conditions, this thesis concentrates on the derivation



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, fast, and efficient temperature foree
casting procedure for the snowmelt-runoff season.

2, To estimate the reliability of the forecast.



REVIEW OF LITERATURE

Snowmelt index

Much has been written concerming the many factors which contribute
to snowmelt, but from a practical point of view, the following quota=
tion shows the utility of temperature as a snowmelt imdex (17, p. 193):

Temperature was used because it was generally thought to be

the best index of 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 choice remains as to the most representative snowmelt index
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 berefit from using a combination
of maximum and minimum temperatures, but the computations are more diffie
cult and of doubtful value (17). Maximum daily temperatures have been
selected as the snowmelt index for this study.

Weather forecasting

Temperature forecasting may be considergd a part oE long-range
weather forecasting; therefore, the following discussion will deal
mainly with the more broad field of long-range weather forecasting.

As indicated by Ezekiel (5), weather forecasting, like any other

forecast, 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 anal yses,
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
methods,

Accurate long=-range weather forecasts have considerable 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,

Turning to more scientific weather forecasting, Byers (3) suggests
that 3 main approaches are used: (1) the statistical approach, (2) the
geophysical or cosmic approach, and (3) the meteorological approach,
This classification seems to agree with the writing of MeNish (11),
Each spproach 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 correlation of weather conditions during
one period with weather conditions during the following period (2).

The procedure generally employed to discover such correlations is to
select elements which suggest a relationship and then to measure the
success by statistical means (11)., Gay (7) has studied the relation=-

ship between temperature conditions before and during the snowmelt



season, Koelzer and Ford (9) have used temperature conditions
preceding énowmelt 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
series 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 known to influence the
weather, Some investigators claim that a correlation exis@s 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 meteorclogical approach is probably more extensive and more -
widely accepted than any other approcach, 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 farecasts 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
(1k, p. 142):

In sub-polar regions are found strong accumilations of

heavy cold air. For reasons as yet not completely understood,
lumps or masses of air separate fram these regions every now



and then. If one can determine the places from which these

air-masses or "tongues" of air start and the paths along which

they travel, one can naturally draw corresponding 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,
Similarly, Van Ornum (16, p. 5) states, "Long range weather forecasting
(for the Northern Hemisphere) is basically a study of these two air cur-
rents, the westerlies and the polar outbreaks." Also he says (p. L),
"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 for 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, B, Chard" says of a weather forecast used in 1956, "The over-
all forecast for the 3-months period was fairly accurate but weather
variation for days and weeks during the period were often inaccurately

forecast," The present use of long-range weather forecasts as an aid

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

¥ 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,



PROCEDURE

Selection of forecasting method

As previously discussed, long-range temperature forecasting is
approached by statistical, geophysical, or meteorological methods,
Some of the more important factors which have determined the approach
to be used in this study 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 aire-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* fure
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 teo
be above or below normal,

Source of data

The daily maximum temperature data for this study were taken

¥ Robert W, Gay was Hydrologist for the Bureau of Reclamation at
Boise, Idaho, until his death in May, 1953, Correspondence from
the Boise office, dated August 31, 1956, is written, "We use some
of his procedures in present cperations., No further research on
this problem has been done."



8
from Weather Bureau publications under the title "Climatological Data
for Utah," The Logan Weather Station temperature data were tabulated
for the years of 1923 to 1956 (snow survey records begin in 192 for
the area) and checked for errors., Missing data were provided by
comparing temperature trends at Logan with temperature trends at nearby
stations. After the tabulations of the temperature data were checked
and missing data filled in (table 1), the entire record was transferred
into punch cards to facilitate computation by IBM accounting machines,

General multiple linear regression

Multiple linear regression methods are used to relate antecedent
temperatures to temperatures for the following snowmelt-runoff period.
The general form of the regression equation is (12, 6):

Tebyg+by X +boXo+ .. .4+by X (1)
in which

Y = An average daily maximum temperature for a designated
period of the snowmel t-runoff season.

X's = Average daily maximum temperatures, or some function
of them, for designated periods preceding the snowmelt
runoff season.

by = A constant (Y intercept).

byy b2y « « « by = 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 snowmelt, L
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 pricr to the preparation

of runoff forecasts on April 1., The L methods of selecting the -
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independent variables are designated Methods I, II, III, and IV. ZHach
of these methods is briefly discussed,

Method I is based on an orthogonal polynomial procedure, Daily
temperature measurements are equally spaced in timej therefore, a
convenient method 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 independent of all other terms, The form of the orthogonal
polynomial equation is: _

Yuho+ MEL +Bofe + .o+ Byfic (2)
where

Y= Depen?ent varisble(2-day sums of maximum daily tempera-
tures

A's are constants (orthogonal polynomial coefficients)

g,'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 complete 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 L. For example: Method II variable (X;) is the
average daily maximum temperature for the Seday period from March 12

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

¥ Polynomials which are independent (non-correlated)
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j0=-day period the previous fall. Thus, for Method II, temperatures
are averaged for gradually decreasing numbers of days nearest the
snowmelt season, Method IIT variables represent shorter day-periods
nearest the snowmelt season and much longer periods during the previous
fall, Method IV éllowa only one variable for the fall and winter aver-
age temperatures and is simiiar to a system suggested by Gay (7).

The dependent (Y) variables are the same for all L methods and
represent average daily maximum temperatures for 5-day, 15-day, and
monthly day-periods as shown in table S,

After the dependent and independent variables are detemmined for
each year of record, the sums, sums of squares, and sums of products
are computed, The system of normal equations are developed as follows:

nby+ TX by + EXy by + o0 o EX,b,=EY
EXybg+ EX§ by + EX3 Xobp+ s ..+ LK XybymEX Y

EXnbo+ ZX Xnb + EXpXybp+ oo o+ EXi b= EXp ¥
The solution of this system of equations yields the multiple regression
coefficients by, by, bp, . . « by. After the regression coefficients
are determined, an estimated temperature (%) 1s computed for any
appropriate set of independent (X) variables by solving the forecast
equation:

A

Y-bo‘.'b1XI+b2x2+cto+bnx-n (3)



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 operations, 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 I)

Temperature data for the period fmm September 19, 1923, to March
16, 192li, is chosen to illustrate the method of fitting orthogenal poly-
nomials., Figure 2 shows the 2-day sums of maximum daily temperatures
plotted against time for the 180-day period from September 19, 1923,
to March 16, 192L. These sums are also given in the first two colums
of table 6, In table 6 the series of temperature sums are read in
sequence beginning September 19«20 to the following March 15-16 by
starting at the bottom of column 1, reading upward to the top of column,
and then down column 2, The (8) values in column 3 are the sums of
values in columns 1 and 2 for the same line. The (d) values in column
s 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 b should equal the difference between columns
1 and 2., Columns 5, 6, 7, 8, and 9 are orthogonal polynomial values
taken from the tables for N = 90 (1, p. 658). Only the lower half of
the table of polynomial values (&"s) is given in table 6, since the

upper half of the table is symmetrical with the lower half, except for
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a change of sign in columns 5, 7, and 9, Also, values of (z.ﬁ'a), as
shown in the computations to follow, are copied from the tables of
orthogonal polynomial values for N = 90,
From the data in table 6 the polynomial regression coefficients
Ags By, Ap, A3, Ay, and Ag are determined as follows:
Ay = % - lg_gg = 83.6LLL

i

Ay =2 (d « 79,796 = 0.3284
3 ;—(547%3 £ A2 1570
1

Ay = E (s G2 % = 1,113,323 = 0,015093
(e 73,733,%92

Ay = E(d E3) = =7,350,777 = =0.00015518

37 e B mtg‘f?—'r, 112,220

A, = E(s ) = 243,704,537 = =0.000003273
E(E i 5% 75,137,){09,58%,266

Ag = £ (d ) = 9,113,640, 81 = 0.,000000L78)
_tﬁzi%z g 1‘9‘3“"6‘7“'—%1_6_, 77,082,817, 751,520

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 - 83.6LLL + J3284&] + .01509&, - .0001552&5 - .000003273E&,4
+ .000000L76LEs
The computed ordinate values for the curve in figure 2 are given in
table 7, Estimated 2-day temperature sums in columms 6 and 7 of table
7 are for the same perieds as the values in columns 1 and 2 of table 6.
Values in column 7 of table 7 are determined by changing the sign of

terms in columns 1, 3, and 5,
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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 repgression. Also included in table 8 are the significance
tests for the 192L-25 data which show that the fitting 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 1923-2L 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 L59) files for reference,

Multiple linear regression

The values of the independent (X) and dependent (Y) variables
used in the multiple regression computations are given in tables 10
to 1k, 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

is:
X = Ap/2 X), = A3/2 + ,0001800
Xp = &/2 X5 = A)/2 + ,00000550
Xy = 4p/2 Xg = Ag/2 + .0000002500

Coding makes all X's positive and simplifiss the computations. The
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values shown in tables 11, 12, 13, and 1L are average daily maximum
temperatures for the periods specified in tables 2, 3, L, and 5,
respectively.

The great bulk of computations required in solving the multiple
regression equations prevents the inclusion of all data in this thesis.
However, a single computation is given to illustrate how the multiple
regression coefficients (bp, b1, « . . by) 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 varisble
(%),

The general system of linear nomal equations for Method III
and Y] is shown in table 15. The sums, sums of squares, and sums of
products were computed by IBM machines from the data in tables 12 and
1L (for example: Xo X; in colum 2, line 3 was computed by adding
the products of X2 and Xj in columns 2 and 3 of table 12; and | 5%
in column 8, line 2 was computed by adding the products of column 2 of
table 12 and column 2 of table 1lL). 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 shows this matrix in coded form (the
portion below the main diaponal is deleted because of symmetry)., The
coding factor notation is Ky (for rows) and K, (for columns), as shown
in table 16 for Method III,

The inverse 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 (b4, BY, Bi, By, B, BL, and b}) for¥, The
coefficients are decoded by the formula:
b= bt (ki)
where
b = Decoded regression coefficient
b! = Coded regression coefficient
ky = Coding factor for the row containing b!
k, = Coding factor for the column containing b!
The decoded multiple regression coefficients for all Y's and methods
are given in tables 19-22.%% (See column Y7 in table 21 for decoded
coefficients of Method III and Yj.)
It is now possible to express the relationship between tempera-
tures during the 180 days prior to March 16 and the following S-day

period (Y3), for Method III, The expression is:

Py = 46,356 + .7028 X; + 3591 Xp + .3673 X3 = .3478 X,
+ +260L Xg - 1.0L26 Xg
The substitution of X values from table 12 (for 1923-2L) in the fore-
going expression yields the predicted S-day average maximum daily
temperature for the period of March 17-21, 192L, 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.
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?1 = 42,885 (actual temperature was 37.6° F,)

Coefficients of multiple correlation

At this point, the quantity R is introduwed, R is designated the
"coefficient 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:

R? = Sum of squares attributable to regression
Corrected total sums of squares of Y

Thus, R shows what part of the variability in the independent (Y)
variables is accounted for by regression with all of the independent
(X) variables. 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
L, methods., From this table the value of RZ for Method I, Yy is:

R% = 1121.88 = 0.5479
20L7.52

Therefore, nearly 55 per cent of the variance in Y is explained by
regressioﬁ with the X's, Table 2l contains the complete tabulation
of R2 values for all Y's by the L methods, However, the R2 values
cannot be directly compared for each method, since the degrees of free-
dom associated with the L methods are not the same.

To obtain a valid comparison among methods, the F-test is used.
The appropriate F-test (12, pp. 217-219) for Method I, Y; is presented
by means of table 25, which leads to F = 186,25 / 35.60 = 5,252 with

V) = 6 and ¥, = 26 degrees of freedom. The F value at the 0.5 per cent
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probability level is L.1027 (from statistical F tables), Since the
computed value is greater than L.,1027, it is significant at the 0.5
per cent probability level, The computed probability levels are shown
(in parenthesis) in table 25 for all Y's and methods., In this table the
lower probability levels indicate a high significance, and these proba-
bilities are a valid comparison for each line of the table (Y periods).
Thus, for period Yy, all of the methods show high s gnificance. flow-
ever, for period Y3, Metrod I is much better. The rank of methods
from best to poorest, on a basis of probability levels, is: (1) Method
I, (2) Method IV, (3) Method III, and (i) Method II, Also, it appears
that Method I is much better during the spring, while during the
summer, Method IV is best,

Comparison of trial forecasts

Trial forecasts are made by each of the L methods. Results
are compared with actual temperatures for the years of 1923 and 1956
as a test of the reliability of each method. The basic data for 1923
are not used in the regression analysis; therefore, this year is inde=-
pendent, Data for 1956 are ineluded, and the forecast for this year is
historical (probably biased),

Table 26 contains a list of the independent (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 from tables 19-22,
The actual temperatures for 1923, the 33-year average ilemperatures,

and forecasted temperatures for 1923 are listed in table 27, Also
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included in this table are average, maximum, and standard deviations
from actual temperatures for the periods Y} to Yy (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 (%) = Sg - Sy x 100
5
a

where

Sy = Standard deviation from actual of 33-year average
temperatures

S = Standard deviation from actual of the method being
studied

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

Year Method I Method II Method III Method IV
1923 11,1% 0.6% 11.2% 19.0%
1956 33 '1% 31 .O% 20 .h% 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 S~day average maximum temperatures plotted
against forecasted temperatures for the periods Y; to Yoy, inclusiveg
The L5° diagonal line indicates the location of points having perfect
agreement between forecasted and actual temperatures. Figure L shows
actual temperatures for the same Y periods plotted against 33-year

average S-day temperatures. As shown in figure L, 1923 temperatures
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were generally colder than nomal, since most of the points lie above
the diagonal line. Some improvement in favor of the forecasted
temperatures is evident by a comparison of figures 3 and L and is due
to a more even distribution of points around the diagonal line, Figures
S and 6 are similar to figures 3 and l; and illustrate temperature
relationships for 1956. Figure 6 shows that 1956 temperatures were
warmer than normal, since most of the points fall below the 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,
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THE 1957 TEMPCZRATURE FORECAST

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
the Logan, Utah, weather station on the Utah State Agricultural College
campus, Missing data in the Logan record were estimated from data
available at the experiment farm in North Logan, Utah. Table 29
contains the temperature data used in computing the 1957 forecast and
underlined values indicate estimated tempecratures missing from the
Logan weather station record.

The 2-day sums of maximum daily temperatures and computations of
the orthogonal polynomial 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
Method I are shown in table 31, The independent variables for Methods
II, IIT, and IV, which are average temperatures for the intervals shown
in tables 2, 3, and ki, are shown in table 31.

The solution of equation (3) for T is the final step in the fore=-
casting procedure. For substitution in this equation, the appropriate
regression coefficients (b's) are chosen from tables 19, 20, 21, or 22

and the independent variables (X's) from table 31, Thus, to predict



21
the S-day average maximum daily temperature for the period from March
17 to 21, inclusive, the b's are taken from table 19 and X's from
table 31 for Method I, The forecast equation, substituted values for

Method T, and the forecasted temperature are given as follows:

Y eby+by X+ by Xy + by Xy by X, + bg Xg + bg Xg
¢ = 56,2710 + (.1586) (L5.38) + (-162.1186) (.1666)
+ (2008.3162) (.,0126L9) + (-L41168.871) (.0001763)
+ (1918832.8) (.00000L496€) + (~2150671h) (.0000002851)
€ = 58.3° F, (actual temperature for the period = 55,2° F,)
The forecasted average daily maximum temperatures for the 28 prediction
periods (Y] to Ypog) are given in table 32 for the L methods studied.
Actual temperatures for the March 17 to March 3 interval are included

since the forecast was made on April 1, 1957,
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CONCLUSIONS

As shown by the trial forecasts and higher significance level of

~ the correlation coefficients, Method I probably gives the best

overall temperature forecast among methods used in this study,

Due to the generally poor correlations found in the regression
analysis, the statlistical F-tests and trial forecasts are not
conclusive in the comparison among methods.

Although Method I appears to give a more reliable forecast than
other methods, it requires considerably more computation. There-
fore, Method IV should be given consideration as a possible method
for use,

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.

Temperature forecasting by the statistical approach used in this
study is quick and simple after the relationships have been deter=
mined by multiple regression, However, the initial computations
are laborious, especially without computing machines,

Fore more precise long-range temperature forecasting, the meteoro-
logical approach apparently offers more promise of ultimate success
than any other method. This approach allows the physical factors

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

26

Jan, Feb, Mar, Apr, May June

July Aug. Sept. Oct. Nov. Dec,

Table 1,
Day
| 33
2 31
3 38
L 3hL
5 L3
6 Ly
7 cl
8 L6
9 L2
10 L8
31 ) 1
12 31
13 30
1L 33
15 32
16 L7
17 L8
18 37
19 34
20 39
21 38
22 L2
23 112
2l 38
25 32
26 36
27 33
28 32
29 o
30 25
3 22

15
18
15
18
12

21
29
32
2l
28

30
3
30
32
30

31
30
32
33
3

37
3L
32
Ll
if

32
32
36

L2
L3
3L
27
29

37
L9
38
kil
35

37
36
39
27
39

L3
28
32
L5
37

35
38
L5
35
Lk

L3
L8
53
59
61
6L

sl
52
L3
L6
57

L1
L6
50
L8

5

63
60
59
5
61

69
70
63
L6
L8

L3
36
L8
53
58

60
66
70
70
69

81
83
8l
8L
82

8l
85
85
85
85

85
8l
86
87
86

88
82
62
01
80

79
59
65
70
8o

7k
[

74
62
68

61
11
L8
60
65

66
6l
68
62

58

57
56
L9
L8
LB

5L
52
53
51'.
57

58
56
52
55
60

6L
57
50
L6
L9

50
sl
g2
L6

51
50

g2
5l
52
L9
51

Sl
55
c1
5k
53

52
52
c1
L9
18

32
33
3L
31
Lo

Ll
52
35
25
=

2l
36
36
35
3L

30
36
32
2l
32

35
3k
29
33
Lo

33
3k




27

Table 2, System of independent variables for Method II

——— ]

Designation Mumber of days Dates (inclusive)

of variables represented Leap year Other years
Xl g Mar, 12-16 Mar, 12-16
X2 10 Mar, 2-11 Mar, 2-11
X3 15 Feb, 16=Mar, 1 Feb, 15-Mar, 1
Xh 20 Jan, 27-Feb, 15 Jan, 256-Feb, 16
XS 25 Jan, 2-26 Jan. 1-25
X@ 30 Dec., 3-Jan. 1 Dec, 2-31
17 35 Oct, 29=-Dec., 2 Oct, 28-~Dec, 1

X3 Lo Sept, 19-Oct. 28 Sept., 18-0Oct, 27
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Table 3, System of independent variables for Method III

Dates (inclusive)

Leap year

Other years

Designation Humber of days
of variables represented

Xl 3

Xy 6

K3 12

X, 2l

_5 18

Xy 87

Total 160

Mar. 1L-16
Mar, 8-13

Feb, 20-Mar. 7
Feb, 1-24

Deec, 15-Jan, 31

Sept. 19-Dec. 1l

Mar, 1L-15
Mar., 8213

TFeb, 2L=Mar. 7

4

Jan. 31-Feb, 23

LY

Dec. lli-Jdan. 30

Sept. 13-Dec. 13
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Table L, System of independent variables for Method IV

i

Designation Number of days Dates (inclusive)

of variables represented Leap year Other years
X 5 Mar, 12-16 Mar, 12-16
Xy S Mar, 7-11 Mar. 7-11
X3 g Mar, 2-6 Mar, 2-6
Xh 5 Feb, 26-Mar., 1 Feb, 25-Mar. 1
Xg 10 Feb, 16-Feb. 25 Feb, 15-Feb, 2
Xg 10 Feb, 6-Feb, 15 Feb. 5-Feb. 1l
X, 140 Sept. 19-Feb, 5 Sept, 16-Feb, L

Total 180
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Table 5, System of dependent variables for all methods

Designation of Number of days
variables represented Dates (inclusive)

ey 5 March 17-21
Yo 5 March 22-26
¥y 5 March 27-31
Yh 5 April 1-5
Y 5 April 6-10
Yy & April 11-15
Y, 5 April 16-20
Ty 5 April 21-25
Yq 5 April 26-30
Yio 5 May 1-5
b 5k 5 May 6-10 |
Y10 5 May 11-15
Y13 5 May 1620
), g May 21-25
Y35 5 May 26-30
Y14 5 May 31-June U
7 5 June 5=9
Yip 5 June 10-1l
Y19 5 " June 15-19
Y20 & June 20-2L
peal 5 June 25-29



3

Table 5., System of dependent variables for all methods (continued)

Designation of Number of days
variables represented Dates (inclusive)
Y, 15 March 17=-31
Yo4 30 April 1-30
YEh 31 May 1=-30
Y25 30 June 1=30
Yoq 3 July 1-31
Y59 31 Aupust 1=31

¥oq 30 September 1-30
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Table é, Two-day temperature sums for 1923-24 and orthogonal
polynomial values for N = 90
Sum of 2-day Sam  Diff. [ 7 / 7 7
temperatures (s) (d) el gz g} ‘ 54 5
66 56 122 10 1 -1012 - 1012 1022626 1022626
69 67 136 9 3 <1009 = 3031 1012521 3053731
72 63 135 9 5 <1003 =~ 5035 992381 5042521
Ls 73 118 =28 7 =99 - 701} 9623L6 4961206
60 67 127 -7 9 =982 - 8958 922626 8782626
o6 63 159 33 11 - 987 10857 873501 10480503
71 63 134 8 13 - 949 12701 815321 12029693
67 ho 107 27 1§ - 928 -1LLEo 7u8506  13L06L38
70 60 130 10 17 - 904 1618l 673546 11568618
78 18 96 40 19 - B77 =17803 591001 15556003
77 c1 128 26 2] o« 87 19327 501501 16290505
113 £1 17k 52 23 - 81 -207L6 LOST7LE 16776430
104 63 167 A 25 = 778 =22050 304506 17000730
97 n 138 56 27T - 739 -23229 198621 16953255
g1 55 1h6 36 29 - 697 =24273 9001 16627005
102 68 170 3l 31 - 652 25172 - 23374 16018382
97 37 134 60 33 = 604 25916 - 1374SL  15127LL2
103 LL 147 59 35 =553 26495 - 252119 13958147
105 58 163 L7 37 - L99 -26899 - 366179 12518617
105 60 165 L5 39 - LL2 =27118 - 478374 10821382
109 62 171 L7 11 = 382 27142 - 58737k 888363L
100 8l 16l 36 b3 = 319 26961 - 691779  6727L79
106 60 166 L6 LS = 253 26565 - 790119 4380189
102 57 159 us L7 - 184 =2594L - 88085 187445k
97 63 140 3L L9 =112 25088 - 96237 - 751366
105 76 182 30 T1 = 37 =23987 <1032999 - 3152989
99 a1 180 18 53 L1  =22631 1090979 = 6179959
96 75 171 21 55 122 -21010 =113LL9L - 687539L
121 71 192 50 57 206 <1911 -116A165L ~11L7573L
115 82 197 33 59 293  <=16933 -1170L499 -13910L89
108 87 195 21 61 383  <1L457 -1158999 16101987
115 85 200 30 63 L76 <11676  ~112505L 17965122
107 78 185 29 65 572 - 8580 1066494 -19L07102
106 74 180 32 67 671 = 5159 - 981079 20327197
96 76 172 20 69 773 - 1403 - 866L99 =20616L87
105 85 190 20 71 878 2698 - T72037hL =20157610
115 93 208 22 13 986 715Lh - 54025k -1882L4510
130 83 213 L7 75 1097 11975 - 323619 -1414,82165
130 80 210 50 77 1211 17171 - 67879 =12986435
125 78 203 L7 79 1328 22752 229626 - 8183510
89 82 1N 7 s 1LkL8 28728 571626 = 1910358
129 78 207 51 83 1571 35109 960921 6006627
136 13 209 63 85 1697 11905 1400381 15750857
149 72 221 7 87 1826 L9126 18929L6 27516302
150% 76 226 7L 89 1958 56782 24411626 415076L2
L5295 72999 7528 1530
# Sum o mum y temperatures for September an ’ .
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Table 7, Calculations of the ordinmate values for the fifth degree
polynomial curve in figure 2
AO - 8306hhh
’ : ! ! £ Polynomial Polynomial
A 1 51 Ao E 2 A5€ ] A464 A!355 ordinates ordinates
0.33 «156,12 0.16 -3.35 0.49 65,15 63.19
0.99 -16-07 Oth? ‘3'31 1-h6 67.18 61-3h
loéh -15098 0.78 -3025 2-h1 6902h 59-58
2,30 «15,.83 1.09 -3,15 3633 T1.38 57.94
2;96 -15|6h 1039 -3002 ho?O 73-53 560&3
3.61 ‘150h0 1.69 ‘2.86 5'01 75-69 55-07
h-?? ‘15012 1.97 '2067 5076 77-85 53085
ha93 "1,.1078 2.25 -25}45 6.11—1 80.00 52.82
5,58  <1lh.l1 2,51 -2,20 .98 82.11 51.97
6.2hL «13.97 2.76 -1.93 7.Lh 84.18 61.30
6.90 =13.Lh9 3.00 =1.5] 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 3.1 =0.65 8,11 91.51 50.63
9.52 -11,10 3.77 =0.29 7.95 93.L9 51,01
10,18 «10,39 3.91 0.08 7 .66 95.08 51.58
10,84 - 9.62 1;.02 0.L5 7.24 96.57 52,31
11.49 - 8.81 h,11 0.83 6,68 97 .9 53.38
12,15 - 7.95 .17 1.20 5.99 99.20 54.58
12,81 - 7.04 L.21 1.57 5.18 100,37 55.97
13.L6 - 6,09 Lh.21 1,92 L.25 101.39 57.55
14.12 - 5,08 L.18 2.26 3,22 102,34 59,30
14,78 - 1,03 L,12 2.59 220 103.20 61,20
15,43 - 2,93 4,03 2.88 0.90 103.95 63.23
16,09 - 1,78 3,89 3.15 -0.36 10L4.63 65.39
16.75 - 0.59 3.72 3.38 -1.65 105,25 67 .61
31480 0.65 3,51 3,57 2,96 105,82 69.90
18606 1.9h 3.26 3071 -&.25 106.36 ?2-22
18172 3028 2.97 3-80 -Sohg 106-92 7&052
19,38 k.57 2.63 3.83 5,66 107.L9 76.79
20.03 6.10 2.2h 3-79 -7.70 108.10 78.96
20.69 7.58 1.8 3,68 -5,59 108,81 80,99
21,35 9.11 1,38 3.L49 -9,28 109.6L 82.8L
22.070 10,69 0.80 3.21 9,72 110,62 8L L6
22,66 12,31 0.22 2.8 9,86 111.8 85.77
23032 13099 -0.&2 2-36 ’9-6h 113025 86-?3
23.97 X571 -1.11 [ o) -9,01 114.97 87.27
2,-1.63 1?.118 -1 -86 1.06 “"?-89 117 0% 87 -30
25.29 19.29 =266 0.22 6,21 119,57 86,73
25-9h 21l16 '3-53 '0:75 -3-92 122-5h 85.56
26-60 23007 -l‘-i lhé -158? "0091 126007 83.61
27.26 25.03 -5.L5 -3.15 2,87 130.20 80.84
27.91 27.03 =6.50 ~}4.58 7.5k 135.04L 77.14
28.57 29.09 =7 .62 5,20 13.16 140.6L 72.42
29.23 31.19 -8.01 =7.99 19.86 147.12 66,56




Table 8, Tests of significance

3L

Source of variation

192324

Degrees of Sum of Mean
freedom squares square

F-test

Total Y2
Correction for mean
Deviations from mean
Linear regression
Deviations from

linear regression
Second degree term
Deviation from regression
Third degree term
Deviation from regression
Fourth degree term
Deviation from regression
Fifth degree term
Deviation from regression

Source of variation

90 688,328 -
: 1 629,675 p_—
89 58,653 s
1 26,205 26,205.00
88 32,lL8  368.73
1 17,731 17,731.00
87 14,717 169.16
: | 1,10 1,140.00
86 13,577 157.87
L 797 797.00
85 12,780 150.25
1 4,530 L4,530.00
8l 8,267 98,12
192L-25
Degrees of Sum of Mean
freedom squares  square

71.97 (.005)

104.82 (,005)
7.22 (,01)
5.30 (.025)

16.03 (.005)

Fatest

Total Y2

Correction for mean
Deviation from mean
Linear regression
Deviation from regression
Second degree term
Deviation from regression
Third degree term
Deviation from regression
Fourth degree term
Deviation from regression
Fifth degree term
Deviation from regression

90 771,92k --

1 706,L96 R

89 65,428 -

1 18,0k 18,0LL.00
88 47,38k 536.L5
1 29,186 29,186.00
87 18,198 209,17
1 1,005 1,005.00
86 17,393 199,92
1 7,825 7,825,00
85 9,368 110.21
1 LS50  L50.00
8Y4 8,918 106,17

33.51 (.005)
139.53 (.005)
5.03 (.05)
71.00 (.005)
L2k (.05)
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Table 9. Orthogonal polynomial coefficients, 1923-2L to 1955-56

1923-2) 63.6L .326L  .01509 -.0001552 -.00000327  +.000000L78L
1924,-25 B&.,50 ,2727 .01989 -,0001L457 -.00001025  +.0000001512
192526 91.3k L2711 .01712 -.000162%  +.00000096  -.000000083L
1926-27 93.29 L3668 .01530 -.0002269 -.00000L67  +.0000001L01
1927-28 .99 .3810 01872 -,0002586 -.20000L96  +.0000001225
1926-29 84.58 JLbLLOo  .02300 -,0001493 -.00000061  +,0000000021
1929-30 91.68 .340L 01948 -,0002L56 -.,00000015  +,0000001588
1930-31 81,11 .3326 .02Lh69 -.000162L ° -.00000608 -.0000000257
1931-32 82,26 177 ,02004 -,0000938 -,00000860 -,0000003251
1932-33 85.20 L4340 01812 -.0001L31  -.00000008  -.0000000781
1933-34 103.64 .2688  ,01747 -.0001128 -.00000122 ~,.0000001651
193L-35 97,47 .3L33 .01L36 -.0001587 -.00000L451  -.0000001116
1935-36 90.14  L3L91  ,02127  +.000051L  +.00000309  +.0000000411
1936-37 86,58 ,L517  ,0212L, -,0002025 +.00000190  +.0000002823
1937-38 98,11 .3242 .01563 -.0000588 -.00000125  -.0C00000209
123839 09,23 JLLW69 01929  +.0000936  +.0000053L  -.0000002257
1939-4L0 98,57 .3562  ,01L29 -.2002158  +.000001L8  +.0000003L648
1940-41 90,0 .3217 .01780 -.0000562 -.00000360 -.0000002109
1941-142 83,02 .l035 .01252 -.0001815 -,00000158  -.0000000080
1942-L3 90.L8 3797 01035  -,0000022 -.00000226  -.D000002106
19)3-L) £9.71 .LL82  .01915 -,0000233 -,00000135 +.0000001553
19hh-L5 87.6l; .38L46  .01889  +.0000265 -.00000638  -.0000003941
1945-U6 87.1L .3362 ,01820 -,0001531 -.000005L42 -.0000003508
19L6=47 868,67 .2599 ,01625 -,0000857  +.00000169  +.0000002L9L
19L7-48 87.77 .3966  ,01960 +.,0001378 -.00000332 -.00000027L9
19L6-L9 82,83 LLL75  .02512 -,0003516 -.00000210  +.0000000220
194950 92,419 .3u38 ,01655 -,0000857  +.00000023  +.0000005306
195051 93.37 .4020 ,01335 -.0001545 =-,00000592  +.000000019L
195152 82.86 .20 ,01501  +.00010LL  -.000003A0  =-.0000001066
1952-53 99.92 .3997 .02253  +.,2001L30 -.00000507 -.000000L798
1953-5L 95,9 .37AL 01912  -,00006L6  =.D0000255  +.0000000299
195L-55 87.79 506k  .01566 -.10003399 -.0000010L4  +.0000001753
1955-56 89.18 ,3888 .01137 -.000015L +.00000012 =-.0000003773
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Table 10, In&ependent variables for Method I (coded values from
table 9)

1923-2l
192L-25
1925-26
1926=27
1927-28

192829
192%-30
1930-31
1931-32
1932-33

1933-3L
193L4-35
1935=36
1934-37
1937-38

1938-39
1939-L0
19L0-11
1911 -L2
19L2-13

194 3-LL
19LL=L5
19L5-L6
19L6-LT
1947=48

19L8-L9
19L9=50
1950-51
195152
1952-53

1953-5L
195L55
1955=-56

l1.82
Lk.30
L5 .67
16.65
LE.50

112,29
LS. 5L
40,56
L0.13
42.50

51,82
LS 3L
L3.29
49.21

Lli.62
1,9.29
L5.02
1,51
Lh5.2L

Lk .86
Ll .82
13,57
MIB}J
L3.89

11.42
L6.25
16,59
11.L3
h9l96

U7.97
43,90
m‘.sg

1642
136k
1356
1905

«2220
»1702
1663
2089
#2170

.13LhL
JATLT
176
«2259
1621

+2235
01781
«1609
1899

222L1
1923
1681
.1300
1983

.2238
1719
+2010
2125
1999

1881
»2532
15LL

.00755
.00995
.00856
00765
.00936

.01150
.0097L
01235
.01002
00906

.0087L
.00718
0106}
01062
.007862

.00965
00715
00626
.00918

.00958
00945
.00910
.00813
009680

.01256
00828
000668
00751
201127

00956
+00569

.000102L
.0001071
.0000985
0000665
.0000507

.0001053
.0000572
.0000988
.0001331
.000108L

0001236
0001006
0002057
2000787
0001506

.0002268
.0000721
.0001519
.0000892
0001769

.0001683
.0001933
.000103L
.0001.371
.00021;89

.0000042
.0001371
.0001027
0002322
.0002515

.0001L77
.0000100
.0001723

00000386
.J0000037
.000005%8
.00000316
.00000302

.0000051%
.000005L2
.000002L46
.00000120
00000546

00000489
.0N00032L
.00000705
.0000061,5
.00000L:87

.00000817
.0000062),
.00000370
.00000L71
.00000L 37

.000004,82
.00000231
00000279
00000635
.0000038L

.000004L5
.00000562
.0000025)
»00000370

.0000029%

00000422
.000004,98
.00000556

.0000004892
.0000003256
.0000002063
.0000003201
.0000003113

0000002511
.000000329)
.0000002371
»000000087hL
.0000002109

.000000167L
0000001 9)2
.0000002706
.0000003912
.0000002395

0000001 371
0000004234
.00000014L,5
.00000021160
.0000001L47

.0000003277
0000000529
.00000007L6
0000003747
.0000001125

0000002610
0000005153
.0000002597
0000001967
.0000000101

0000002650
.0000003377
.000000041 3
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Table 11. Independent variables for lMethod II

Year x1 X2 X3 X}-l XS X6 X7 X8
1923=2L 36,6 39.7 1.3 1.5 25.3 32.9 48.3 58,2
1921i-25 42,6 1:9.8 Il 7 Ll.9 1.3 26,9 16.9 63.1
1925-26 58.0 L7.3 L0.6 38.L 32.L 379 16,6 62.6
1926-27  LS.L L5.7 Li3.2 35.2 36.3 32.9 1,2 66,9
1927-28 L5.0 L8.L 39.0 36,1 33,0 29.1 5045 676
1925-29 ;0.8 50.0 3h.1 28.9 26,2 2.4 46.6 67.0
1929-30 56, 45.3 4541 38.1 20..7 h2.3 k.6 67.1
1930-31 51.2 L3.3 38.4 3L.0 27.9 23.5 L1.7 62.4
1931-32 37.8 35.2 34,8 33.8 2h.1 30.7 39.8 6,2
1932-33 L2.2 1.3 35.6 25.1 35.1 26.1 50.5 6.6
193!5"35 51 o2 3? 011 Li'l i 35-? 3hoh 35 -]-'. 11-1901-1 63.5
1936-37 L5.8 1.6 38.0 33.2 175 38.1 L6.0 8.1
1937-38 L9.6 L8,2 L0.7 L2.8 38.9 L0.9 50.7 67.2

1938-39 }.36.8 h2¢3 30-5 32 .0 3-'...8 38.3 L},E -nl-l» 6901-1
1939-l0  51.0  Lf.L Wh.S Lol 33.h L3.7T 5h.2 66.2
1940-k1  LL.8 L5.3 41,7 3L.5 3L.0 39.0 0.8 66,6
1942-Lk3  l6.2 k2.0 379 35,7 3L.0 5.1 L5.3 67.6
19h3-Lly  36.0 L3.3 3Td 353 27.1 37.4 L6.5 69.3
19Ll-k5  Lb.G 38.9  36.5 39.hk  35.8 33.0 Lh2,5  68.7
19145--;4(:’ JlBoll h()o 3909 32 ol 32.6 3300 h309 6hn6

1946-L7  52.C L3.9 1.7 3%9.5 27.7 oL Lh.0 60.4
1947-18  L3.6 35.0 L3.2 31.2 37. a2 h1.1 68.6

1948-L49 51.8 L3.2 39.7 22.9 21.L 31.8 L2.3 68.5
1519-50 38,0 L7.3 46.8 .0 34,9 35.5 Skl 62,3
1950-51 0.0 38.3 39.9 37.8 3,.8 36.9 50.5 68.0
195152  32.L 3L.5 29.3 35.4 30,9 30.8 45,1 63.3
1952-53  L8.L L7.9 L0.7 3.7 Li3.5 36.0 L5.3 759

1953-5l  39.2 LiS.7 L7.2 5.7 38.3 ;. W) 52,3 68.3
1954-55  L3.0 38,8 33.1 27 .5 27.0 3L.7 53.7 66,1,
1955-56  33.0 3.1 36.1 25,7 1.0 39.6 13.9 65 .6




Table 12, Independent variables for Method III
Year Xl x2 X3 X).L XS x6

1923-2L 3e3 37.5 42.1 37.2 28.L 50.9
192L-25 L6.0 39.0 51.0 43.0 29,1 52.L
1925-26 60,7 L9.8 L5,1 10.3 3hok 52.6
1926-27 2.3 3.7 L5.7 38.3 32.L 573
1927-28 L6.0 L9.3 L2.6 /% 30.2 5644
1929-30 5&-3 SO.S 1-11-3 llhoB 29-0 55.6
1930-31 e B 50.0 38.1 35.9 25.5 L9.L
1931-32 Ll.3 30.0 L0.0 333 20l L9.L
1932-33 h1,7 L47.0 3L.9 28.2 31.h 5315
1933-34 60.3 61.3 L7.3 18.8 39.7 59.1
1934-35 47.0 h2.3 Lo.L 37.9 36.1 53.3
1935-36 16.3 49.0 Lh.7 37.0 33.0 53.1
1936-37 IT7 Lh.2 39.0 35.3 26,5 55.0
1937-38 BT 49,8 L7.0 1.0 38.8 57.L
1939-L0 57.0 3.8 18,9 40.0 35.8 59.4
1940-41 Le.7 42,8 L5.3 37.1 35.0 52.7
19L1-42 36.7 L2, 33.7 30.3 31.0 51.6
1942-1;3 38.7 48,8 L0,.0 35.8 34.9 54,2
1943-LL 37.0 42.0 L0.8 36.7 31.0 55,8
lgllh-hs 38-? 5005 35'.8 L'»Ool 3’4.0 53‘2
19L5-L6 1.0 51,2 L2.1 5.0 32.8 51,6
1947-48 10.3 397 A a3 33.8 52,6
19L8-4L9 5L.7 LL.3 1.7 31.6 22.5 53.9
191,9-50 LlL.0 38.5 51.3 36.1 33.5 56,0
1950=-51 L6.3 10,2 36.3 39,7 3L.h 57«3
195152 31.0 35.7 30.5 33.0 32.3 51.0
1952-53 L2, 58.0 L6 L0.3 L0.1 58.5
195351 Ll.0 50.0 L6.8 36.9 37.0 572
195)=55 3140 Lh.7 38.6 28.0 28.5 STeT
1955-56 35.0 38.3 L,0.8 27.8 0.9 52.5
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Table 13, Independent variables for lethod IV

- ———— e =

Year Kl Xz X3 Xh XS Xé X7

19232 36.6 39.6 39.8 LL.0O 0.0 38.5 2.5
192L=25 L2.6 L2.2 57 .k LS.8 Lh.2 39.2 Lh.3
1925=26 58.0 L7.6 L6.8 Llih 38.7 42,2 L5.9
1926=27 LS L2.8 LE.6 1.2 Ll 2 29.7 L8.3
1927“28 hS-B Sloh hS.L hoto 3805 33-8 h6-8

1925-29 40,8 52.2 L7.8 31.0 35.7 19.0 L3
192930 56.4 L5.6 L5 .0 35.6 L9.9 L2.6 L5.8
1930-31 £1.2 48,0 38.6 39.0 38,1 3L.8 40,6
1931“32 3?-8 32.8 37-6 hlog 3113 3605
1932-33 h2.2 L8, 3L.2 3L.2 35.3 21.1

1933=3L 63.2 56.0 g0k L5.6 hh .8 50,8
1934=35 51.2 36.L 38.4 L3.8 L0.7 35.6
1935-356 7.6 19.6 L3l L5.0 11,5 36.9
1934-37 Ls.8 Lk .0 39.2 L. 36.5 3ol
1937=36 L9.6 51,2 5.2 1,8 36,7 L5.L

wmeE W crfs
(&N =¥ o ¥ ) i
L]

30.3 33.0 L7.1

0
&
1738-39 L6.8 L9l 352 8
2 10.7 1i0.2 50.7
2
8
2

1239-L0 51.0 L5.8 LE.0
1940=l1 Lk .8 L5.6 LE.0
19112 3E.h 11.6 5.8
1942-13 L6.2 45,2 38,8

39.5 39.0 L5.8
22.1 33.7 ol
36.2 38.9 L6.7

19LA=L7 2.8 LE.6 12,2
lgh?'hs h306 36-0 Bhoo

19ha-h9 5108 h202 hh,?
1949<50 36.0 11.2 53.4
195051 0.0 Ll .0 32.6
1951'52 32.h 36ah 32.6
1952-53 L8.L 57:2 38.6

Lol L2.1 Lh.S
LS .2 n.t L5.5

19h3-hh 3600 hho? h?.h .8 35.2 36.1 h6a7
19LL=L5 hh.b L7.0 30.8 0 35.3 L3.1 h6.3
lghg“hé hj’h 50.8 hloé 02 39-3 3006 hhc?
2
2

0 Lo.1 29.5 L2.0
8 h3.3 39.0 16.9
.8 L0.9 L7.L 48,2
0 28, 31,6 L3
2 35.9 38.9 52.0

Vi e il W Frw B e
0 O NN O
L]

QO =2wWwO OB
.

1953-5L 39.2 58,6 L0.8 L9k L6,.1 v ¢ 1% 4 L9.5
1954=55 L3.0 39.L 38,2 1.k 29,0 26,8 L6.7
1955=56 33.0 40.0 L6, 38.0 35,2 30.2 L7.0
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Table 1}, Dependent variables for all Y's and methods

Year Xl 1{2  § 3 Xh XS X6 X.-?
1922-23 35.h 11,0 57.0 50.k 48.8 59.4 59.2
1923-2L 37.6 39.0 37.8 L9.2 59.2 55.5 50.L
192L-25 5L.0 60.L 61,2 60,2 62.2 70.4 56.6
1925°26 5702 5?-8 hs.o haog 5?00 6hoB 69-h
1926-27 37.6 50.6 53.8 51.6 53.6 L9.0 L9.2
1927-28 62,2 57.6 49,2 52.6 LS.L 53.h £5.6
1928-29 51,0 38.L 50.6 61.6 1.2 5542 6l .2
1929-30 £2.8 50,0 50,2 6l .6 75.8 63.8 62.L
1930-31 56.6 Lk.6 43,8 5342 65.8 6.0 63.6
1931-32 L5.8 L2.8 51,8 59.4 53.2 66.8 65.0
1932-33 L2 .1 L5.0 5L.0 55.Ls 1.8 50.8 57.8
1933-34 60.8 57.2 59.8 L9.2 69.8 72.L 67.8
193L=35 LA L7.0 50.L 5L.8 L9.2 6l .6 6l
193536 52.8 37.0 10,2 37.2 52,2 T5.k 77.k
1936-37 16,0 3.2 18,2 45.8 5l.2 63.2 53.8
1937-38 L5 .6 L6k 40.0 L7.6 52.5 59.6 65.0
1936-39 ch.8 60.6 5.6 62.8 54.8 £0.L " 6h.2
1939-L0 57.8 65.0 55.4 56.0 55.0 63.8 6l.2
1940-11 56.0 L9.kL 60.6 £2.0 56.2 52,2 L5.0
19142 39.2 k0.6 L6 62,2 6L .6 67 .1 66.6
194243 37.8 5L.8 63.0 71.0 57.8 67.4 T1.2
1943-Lh L3.2 1.6 L6.2 63.8 57.0 52.0 L6.6
19L)-L5 L8.6 L8.L 51.8 11.5 53, h2.2 63.8
19L5=L6 £2.0 L9.8 61.6 Sh.8 51,2 67.0 75.8
19L6-47 63.2 G5 ot 57.6 50.8 L9.L 63. 60.8
19L7-48 40.0 50.0 18.8 sL.0 50.6 55.8 63.8
1948-L9 58.6 L2.8 1.8 Slie2 61,2 6l.0 704
1949-50 L8.8 48.2 .2 52.0 58.4 58,2 . 61.0
195051 Lo.2 521 Lé.2 58.6 63.6 61.1 6L .0
195152 40.4 35.8 L7.6 L5.L 5Ll 55l 59.2

6
L
N
5

iz, 3 OnE
L]

1952-53 h9-2 51-2 .O 55|2 h3ch hjoé 55.0
1953-5L L7.6 Ll b 60,2 58.2 65 .6 60,8
1951-55 35.0 39.6 6 40,8 538 SL.8 56.6
1955-56 56.0 ~8.0 .8 16,2 59.6 62.0 65.2



Table 1L, Uerendent variables for all Y's and methods (continued)

1922“23 h705 59.2 66-2 ?5.8 55.6 69-8 ?1.6
1923-2L 61.2 59.6 65.4 65.8 72.8 72.0 73.L
19211-25 5100 67 -h 71 -2 "9.8 6)_1.6 ?208 690]-]
1925-24 65.8 73.L 73.8 53.2 65.8 72.8 77.8
192A=27 67.0 75.56 56 .6 60.0 75.0 T2 62.8
1927-28 62.8 72.k 66.8 78,2 .0 T2.2 78.4
192f-29 £0.0 40,0 61,4 61.6 72.0 1942 T2
1929-30 75.6 62,2 67.h 53.6 67.8 68.6 70.L
1930-31 53.0 65.L 66,2 60.0 77.8 £3.2 79.4
1931-32 £2.0 SL,2 66,0 67.6 Thl 771 6L
1932-33 62.8 62,2 52.8 18,8 59.8 67 .6 45 .6
1933-3) 75.0 T1.L 1.2 78,0 73.8 82,2 8lL.2
193&‘35 55¢h 56.6 Sgoh 6& 8 60 2 590h ?3-0
1935-36 7L.8 Al .6 73.6 66.0 83.L 2.4 72.6
1934=-37 B7.0 5h.8 71.2 T0.4 70.6 73.8 77.8
1937-38 70.8 68.8 S1.L 62,0 69,8 5742 1.2
1936-39 65.6 7L.2 T2 T2.4 69.0 71,2 63.4
1939-L0 6L .0 56.8 T1.8 Th.0 77.6 72.6 78.4
1940-11 65.0 65. 8 65,4 69.2 77.L 67.2 6.2
1911-42 61.6 L7.8 52.L 65.8 52.0 61.6 796
19&2-&3 69-0 6S-h 6Soh 60.2 57.6 60.2 ?2.8
1943=h) 5L4.8 59.0 A2 .1t 70.4L 80,2 63.L 6L .6

19L)=l5 58,2 65 .4 77.2 73.2 61148 58.0 6942
19516 70,8 70k 70,0 A1.0 53.8 49,8 66,2
19L5<L7 Slie2 65,4 83.0 7642 62.0 n.2 74,0

19L7-4L8 £7.0 63,2 5L.6 57.8 65.8 76.6 Th6
19h8-h9 6E-h 6902 63-0 65.6 73-8 630& 6302
1949-50 63,4 - 5l.6 49.0 k1.2 68,4 67.0 73.0
1950-51 £9.6 57.0 S6.L 67.0 Al.L 68,2 7.6
195152 62.0 72.L 7L.6 68,2 4.8 63.0 62,8

1952-53 2 6l .6 Sh.h 62.6 58.L 65,0 6.4
195350 70.L 65. h 58.0 £0.0 76.6 £3.8 732
195455 59,2 Sh.6 65 1y 13.6 4.6 67.2 7L.0
195556 70.kL 51.2 69.4 T0.6 53.2 7.2 1.2



42

Table 1L, Dependent variables for all Y's and methods (continued)

e 15 %16 %17 %18 19 0 X2
1922223 62,6 66,0 73.8 76.L 46,8 69,8 79.2
192L-25 77.6 58,2 65.0 70.L 75.0 82.4 88.L
192526 73.6 79.6 85.L4 768.8 76.0 79.k 950
192627 6.8 66.0 79.6 78,4 81.4 86.L 80.6
1927-28 f.h 73.8 76.2 68,0 67.8 79.0 87.4
1928.29 62.8 72.2 76.5 74.8 71.0 79.4L 89.0
1929=30 85.0 6L .6 81.4 17.0 84.8 7942 81 -
1930-31 68.1L 82,2 82.0 8L.6 85,8 87.8 90,0
1931-32 66,6 66.8 62 .1i 76.0 73.6 88.0 89.8
1932-33 1542 80.0 75.6 89.0 89.56 89.0 5.0
1933-3L 80.L 73.8 &6 6 £1.6 79.4 60,2 82.8
193L=35 63.6 5.8 81.¢ €3.6 76.0 84.0 82.6
1935-36 81.L £3,0 66.4 8.4 83.8 92.6 86,2
1936-37 70.2 63.8 68.8 Tholy 79.0 87.6 8L.b

1937-38 76.2 81.0 80.8 ° 7L.B 76.6 78.8 8.8
1938-39 81.5 75.0 58.0 81.0 62,2 7.4 86.2
1939=L0 T5.4 125 70.0 87.2 95.6 88,0 88.8
19L0=l1 70,8 TL.B 68,56 T71.0 82.6 88,4 7L .2

19L2-43 80.0 51.8 71,2 625 80,8 8.2 86.0
19k 3=-LY 76,2 61.0 69,2 63,0 73.6 78.8 77.0
19}-1»!'.-4'45 7}.!1 6}-!.? 42.0 é‘;-o? ??-6 82 .0 ?O-p
19LE=iib 57.0 76.0 79.8 764 75k 60.0 82.2
1946-4T 72.hL A7.0 71.2 66,0 79.8 70.6 Tha2
19L7-L8 79.2 735 82.0 82.5 79.6 63,8 79.0
19LF-49 80.2 63.! 68,0 go, 77 .8 775 79.0
19L9-50 69.0 Ao 6F A Th 792 80.4 78.0
1950-51 76.6 £1.0 69,7 7344 f2.1 7.6 79.4
1951452 75.6 78.8 8l.2 79.6 79.8 7544 67.L
1952-53 66,2 68,1 8li 6 e2.L B1.8 79.0 74

1953";11 66-6 6h-? 63l;}-‘o Ag.‘i 7(}¢O 8?l6 \-3-2
195h-55 AT.B £7.0 76,0 75.0 71.6 88.4 80.E
195€-56 73.0 82,2 gn.6 87.¢ 75.6 (AR EL.6



L3

Table 1L, Dependent variables for all Y's and methods (continued)

Year X5 X3 X5), Yoo X6 X7 o%
1923-2L 38,1 55.9 69.0 80.8 86.5 85.8 7h.7
192L=25 58.5 61.3 70.6 Th.l 87.8 82.6 72.L
1925-26 53,3 63.1 69.8 €3.0 86.9 85.5 12,8
192A-27 LT7.L 877 67.6 79.0 87.1 82.8 73.7
1927-28 56.3 57.0 73.5 75.7 87.5 85.2 78.7
1928-29 h6.7 58l 68,7 776 88.7 88,8 70.3
1929-30 51.0 67 .4 68,5 78.9 88.3 83.2 Th.3
1930=-31 L8.3 60.8 69.6 85.3 91.3 87.5 75.8
1931-32 L6.8 58.4 69.1 Tl 85.9 86. 78.0
1932-33 L7.1 55.1 62,1 8l4.6 91.1 83.6 76.9
1933"3’4 5’9-3 A?aé ?E\-B ??08 9005 8805 7208
193L=3% L7.3 57.5 63.2 79.4 89.8 87.7 80.3
1935-36 L3.3 63.6 4.7 0.6 89.9 87.3 76.5
1935—37 1&5-8 5]4 03 71 -8 ??CB 87 .6 87 nh 80.2
1937-38 Lk .0 60.7 6L.9 79.L 8lL.L 85.5 81.7
1939=L0 59.4 60.0 75.3 8L.2 89.2 90.1 7h.3
1941-k2 Lh2.1 61.7 62.5 76.3 90.L 87.2 76.8
1942-43 51.9 67.0 65.T Thol 87.9 86,2 80.3
19L 3Lk L3.7 B5.5 69.6 72,1 86.9 86.1 75.9
1944-L5S Le.6 Skl 69.0 69,6 87.8 84.1 70.7
19L45-16 SLeS 65.0 6. 79.2 88,1 8745 5.3
19L,6-L7 58.7 57.3 72.8 71.9 89.0 8L.5 77.0
19118-119 h?o? F\h .6 68-3 7’405 6505 87-6 79.0
19L9-50 L7.1 57.L 62.7 75.4 8L.6 85.2 Th.7
1950-51 Lé.3 50,7 67.2 13.6 87.0 83.3 76.6
195152 L1.3 58.1 69.9 77.9 8L.7 86.7 81.5
1952-53 B8 el 5545 60.6 76.); 89.L 86.1 80.0
1953-54 L5.% 64,8 72.6 T3.9 89.1 8.1 76.1
1951,=55 Lok 53.2 70.7 75.0 86.3 87.6 T2
195556 59.9 60,0 7.1 5.8 88.4 85.6 80.




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

X, X, X, Xy X, X X 2
nby+ZIX by +EXyby +ZX3b;  +ZX b +IX b+ X b = LY
%X by + 2X5 by $EX Xy b 4 EX Ky D+ 2N X D EX K B HEK X B = IX Y
ZXybg+EXpX3 by +EX3b, +EXpX3by+ZXpX b, +ZXpXsbs+IXpXgby = IX, Y
ZXyby + ZX3 X by + ZXy Xy by + ZX5 by FIX X b+ EX X b+ EX X b = BX Y
214b0+2}[4x1b1+}.“.x4x2b2+2x&x3b3+zxfb4 +IX X b+ IX Xob = IX Y
ZXsby+ ZXs Xy by + ZXg Xy by + X5 X3 by + 2Xs X, b, + ZXE by +IXs X By = BXg Yy
ZXgbg+ZXgX; by +EXgXyby+NXgX3by+ XX, b, + X Xy b+ ZXZ by = IX Y




Table 16, Original information matrix for Method III and Y; (uncorrected sums of squares and products)
Ky » 1070 Bop = 1072 Kyg = 1072 Ky w1072 Keg = 1077 Kug » 102 By » 1077 K - 1672
Knq = 1071 33.00 1497,00  1500.20  1347.50  1206,30  1074.80  1791.L0 1615,L0
Kep = 1072 1197.00 69710.,18  68659.90  62595.91  55420.00  LB72h.72  81L08.53  7L568.22
Kpy = 102 1500,20 68659.90  A9L97.72  62300.93  55207,58  L9161.oh  B1687.22  7L067.88
Ke, = 102 1367.50 62595.,91  62300.93  STL75.03  50387.05  LLA96.22  TLU1B.LS  67390.26
Keg = 1072 1204,30 55420.00 55207.58  50387,05  LLB70,59  394B2,L2  65621,55  59L56.68
Kpg = 10=2  107L.90 L872L.72  L9161.0h  WhE96.22  39hB2.Lk2  35599.22  58501.83  52679.96
Kpp = 1072 1791,L0 81408,53  81687,22  7LL18.LS  65621.55  58501,83  97hBL,90  87696.76



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

X5 Xy Xo X3 X), Xg Xg bl
+3300 1.L97000 1.500200 1.367500 1.206300 1.07L800 1.791L00 1.615400
6.971018 6.865990 6.259591 5.542000 L.872L72 8.140853 - 7.456822

6.949772 6.230093 5.520758 L .91610L 8.168722 7.L06788

5.747503 5.038705 L L69622 7.Ll18L5 6.739026

L.L87069 3.9L8212 6.562155 50945668

3.559922 5.850183 5.267996

9.718190 8.769676

9



Table 18. Inverse coded matrix

—
—

X, Xy X, Xy X, Xe Xg b
1297.L881 -11.268) 20.5083 16,2319 - 7.51L2 - 1.9835 -219.8L86 li.6356
11.5737 - 4.5863 - 5.3113 - 7.hll 6.2179 2.132L .7028
12.9498 5.2L27 - 1.5983 - L4.8060 - 10.8324 3591
21.8069 - 5.6655 - 3.214l - 13.8452 .3673
2L . 7867 - 6.2708 «3375 .3L78
2h.912) - 9.0763 .2600
69.102L 1.0L426

LN
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Table 19, Decoded regression coefficients for Method I

s Y, 4 N
by + 56,2710 + 35,1071 + 36,8505 +  L40.L099
151 + J586 4+ 9792 4 b53L + .15k
b2 - 162.6686 - 87-5085 - 320h2h5 + 26-5h78
b; + 2008.3162 -  885.9600 -  15.1837 + 526.26L8
bh - 11168,8710 - 25124.,6340 - 7003.2750 - 1966,9050
bs + 1918832,8000 + T3267L.9000 = 322670.5000 -6};8385,0000

bg  =2150671L.0000 -235LL682.0000 -28L75903.0000  +608355.0000

Yy Y 1, Tg
by + 77.1483 + 110.1L61 + 89.6519 &+ 13,4445
bl - 00276 - .5987 - .2815 + 1.2&38
b2 - 76.1377 - 133,8886 - 78,0981 = 27.3174
b3 - 336.1172 + 228,2090 + 422,1336 + 11,6621
b, = 25313.2450 - 33255,5L00 - 29535,L650 - 239L7.L5LO
bg = 73050.3000  +1L,88L61.9000  + 1831175.6000 + 1735872.3000

bg  +18L0373.0000  -9882350.0000  -3504L034.0000 =237L4215l.0000

3 Y0 LA N2
by + 57.1229 + 119.76L9  + 31,2105 * 22,7738
bl + !339h - 08587 + -T290 + .3172
by - 83.7381 - 116.3636 + 45.3287 + 20,5039
by +  1161.048L  + 325.3505 - L37.0799 +  2076.2206
b - 5088.4530 -  8179.86L0 - 2834.13L0 + 16015.5680
bs  + 153990.0000  + 1643571.6000 -498117.8000 - 172L2.8000

bg  -20212484,0000  ~13558710.0000  + L73LL.0000 +291,844807 .0000
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Table 19, Decoded regression coefficients for Method I (continued)

N3 Ty his RE
by o+ cli bS50 102.9712 + 3L.,1543 + 134,1702
bl * 031-102 - -195h + ¢5h66 - . 8730
by - 25,8812 - 84,2351 - 7.3617 - 9k, 70L8
by o+ 365.1320 - 723,517 + 939.803L -  10L8.7913
b, - 783L4.,7500 - 33379.9050 s+ 13342.3L50 -  1315,0100

by 4+ }51582,7000  +121850A,7000  +1024179.8000  + 15L42638,6000
bg +11468995,0000 =155 8LAL , 0000 +2725519,0000 -18845740.0000

Ny N o To0
bg + 137.3996  + 88,1849 + 72.5941 + 71,3829
1Y - 9036 - J835 4 .2368 e .1532
by - 38,7629 - 8,5137 -  L3.1501 +  1L.5833
by - 1523.6618 - 156,1663  + 82,9538 + 10,0016
bj, - 30277.7270 - 13479.5270 - 1L51.3910 - 28589,2300
be + 1082596,1000 + 1367859,1000 + 63417.8000 - 83416.1000

b% -15589199,0000 =15682066,0000 +8578046.0000 +244,07793.0000

Yoy Yop T3 Yo,
by 4 88.2110  + L2,5667  + 6L.S9L0 4 60.9939
by - 0310 =+ . «5993 4+ 1379 4 1436
by o+ 967.B115 4+ 366,203k 4 33,5130 +  388.4525
b, - 37050,0720 - 2L295,7180 - 199L7.56L0 -  1160.5L50
bg  + 7L7111.6000  + 77524L.2000 + 802790.3000 + 649982.2000

bg  -6L35700.0000  -2LL73R96.0000  -1LL28912,0000  +2LL6L28.0000
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Table 19. Decoded regression coefficients for Method I (continued)
Tog Y26 T27 Y28
by + 99.6189 + 89.4723 - 82.8363 + 72,9470
b - 2869+ 015, - 0257 - .019);
by - h0,0677 - 15.395Lh  + 11,3208+ 36.L598
by - 149.0296 +  163.2162 +  157.1917 - 366,3973
b, - 16,23,1030 - £930.7070 - L0OSL,0500 + 8369.33%0
b+ 777271.3000  + 300725.6000  + LL732L.9000 - 22341.0000
bg  =7353308,0000  =5556347,0000 -2811526.0000  ~985030.,0000

ﬂ




Table 20.

Decoded regression coefficients for Method II

Yl 12 YB Yh YS
by +55,9730 +30.7745 +29,7698 +36.L400 +68,1289
b + J3761 + L2211 + L0166 - L1901 - L0126
bp + 1.,0688 + ,2533 + L,2780 + L203L - L0031
b3 - ,0388 + L0077 - L1799 - L0216 + L3024
bh - .2036 - .037h + 02569 + oehbj + 02332
bg + L0862 + 6365 + 43503 - .2935 - .3029
bg + 1855 + 1156 + L0059 - L1371 + U596
b7 - .85 - L2010 - .L385 - .0u38 - 2325
ba - 05032 - -h126 + -2318 + .3859 - 0h159
bo +102,6h72 +88.1939 +11.2835  455.3205 = +111.6309
13 + L1994 + Jubl7 + 1597 + L3631 + L2219
by + W36l + 1173 + .3858 + .L778 4+ ,2683
by + 1339 - 2116 - 0070 - ,1868 - 2361
b, = .23 = L6l - 8+ 0130 4+ 186k
bg - L1616 + LLO73 + 201 + G532 - L1482
b6 + .h059 + 01563 + 07008 - -3691 + -322h
b? - -3619 e -3555 - 01225 - oh763 - n?907
be _— .91h6 - 0h605 + 01715 . 00205 - 05285

m ST, f13 Ty, hs
bo +26,0139 +33.4592 +51,4079 +96,0L25 +31,7018
bl - 029Oh - .1206 - 02011 + .1886 + .2553
b2 + J1822 + L1876 + 507+ 3062 - L1613
b3 - o2553 + -52h5 + -h392 =g 01123 + .1188
bj, + LSSk - .0L6lL - L2339 - AN - 0502
be - 2292 - 5662 - L0387 + J0LhS1 - L0123
bg + 23378 - 0513 + 351+ 3U56 + 1682
b? + L0113 - 0047 - L1102 + L1283 - L1719
bg + 5167 +  J50LT7 + L0000 - L8188 +  L5LL9



Table 20, Decoded regression coefficients for Method II (continued)
Y16 N7 T8 Ti9 Y20

bg +145,2779 +126,9837 +93.7011 +71.5291 +70.77L9

5 + 42368 + Jh823 + JL069 + L1931 + L0056

b2 + .h026 - .221{5 - ¢27Sh - Ohhsz + 02286

b3 - 96221 - oSlSh + .019h + 05h90 + 00259

bj, - .2238 - ,2999 - L7002 - ,0205 - 1357

bs + -6918 ¢ . 3328 + -h631 + L0317 - 01831

b6 + .0720 - .1168 + 00906 + .01100 - .1253

by - L2345 +  .35h2 + 0230 + L1269 + 23082

bB - 1.2863 - .8822 - .2?26 - 01816 + 00013
L Y22 Y23 T Y25

bo "'85 g?l?e "’38.6698 +60.3131 "’5809091 +99, 8!420

bl + L2705 + L2031 + L1637 + L0183 + 2427

by + Jié + L5331 + L,258) + ,2036 + L0393

b3 - L0036 - L0713 + L0018 + L0624 - L0763

bh - o216} + L0062 - L0892 + 00l - ,2379

bs - -03h6 + 03571 + 00871 - 01357 . 01966

b6 - L2615 + .,203%5 + 2043 + ,1998 - ,0Lh60

be + 21073 - JLB22 - 2651 - 1303  + ,0692

bg - .3233 - .2255 - .2088 4+ 0182 - U790
Y26 Yo7 Y28

by + L1151 + L0968 + L0120

b2 + L0731 - L0052 - .3251

by - L1007 - L1616 - .03L3

bh - QOOBB - 00712 - 00566

bs + 66T - L0356 + L0565

bz - 0637 + L,0LB1 + 0398

b7 = L0129 + L063L + .1089

bg - L0571 + L0511 + L1793




Table 21. Decoded regression coefficients for Method III

l
N
|
H

by +1i6.3560 +3.7619 +h2.958;  +50,.8121 +18.7152

5 + 7028 + 2kl “ JA309 e 0173 + 0786
gz + L3591 - a5k o+ .2895 - L0327 - 1361
b3 + 3673 + J069L + L1334 - L1084 - 21057
i - 3478 - ,0A99 + JA340 o+ L0692 + 6537
bg + L2604 +1.0L8L + L5185 - L1490 - J2158
% - 1.0426 - .0352 - Ji926 o+ 2325 - .0l
g by g 19 Y10
by +80,3272 +82.,6631 +10,0908  +64.7039  +100.5L90
by + L987 + L4130 - L0458 - L0665 + 1273
by - L0692 +  J3L02 + L5172 + 6016 + L2313
by + 42730 - L0145 +  .3261 + L1109 - .2890
bh - 01819 - 0521-1,4 - 021&2,-1 + .2265 + .h673
be + ,1888 + .5L29 + 5105 + L0807 - L1211
b6 - .92911 - 09713 + .1878 - .75115 - 09713
13 Y15 T3 %), %g
by +31.8153 +16.2756 +50,3227 +68,2235  +32.2793
h, - .0792 + n0317 + .1]-1]40 + o’-l»39h + 0231l0
by - L0482 - 0287 - J219 - 1055 - .0957
b3 - -28?3 + 03969 + -3965 + .0628 - -53135
bj, + .2998 + J0L66 - ,1933 - 2626 + .3009
b5 + .Oh02 -y .?7145 + t1368 + -3533 - 003h1
bz + 7280 + 5398 + L0787 - .29L5 + .7990



Table 21,

Decoded regression coefficients for Method III (continued)

Y16 7 St N9 T20
by +110.4507  +101.0960 +81.6873  +56.1026 +78.071L
by +  Wb687T o+ 216l + 370+ 3238 - .03L3
b2 + .0683 - |0253 - 00363 - .2808 + .1758
b3 - .068,.1 - oh313 + .0655 L onh3 + 06050
bj, - 6539 - .2385 - WJT739 + 162 - .L716
bg + 910+ 2376 + W53+ 25 - .3000
bg, - 1.2686 - 3301 - .2089 o+ L2681 - 0194

| oz 2 Yoy T25
by +85,3L65 +30.8973 +56,1260  +5L.5468 +88,0356
bl * 03575 + 3307 ¥ -1h37 + -162? + 02598
by + L1198 + 1674 + .2037 - .0351 + L0173
by + 5550 + .1882 + L0773 - JOLBo + L1198
b, - 5969 - 0936 - L0016 + L0872 - 23935
be - .0302 + 6092 + J567 - 0504 + L2401
bg - LS8 - 5192 - 3777+ L1675 - 3975

T26 T27 Y28
by +89,78k2 +85.3375 +75.5630
bl + .0h12 + -0867 + .0176
b + JA5T1 + .0L39 - .1178
by - 40373 - 0391 - L2128
bh - -0523 - 01925 — 009?3
.h5 + -01175 + .0100 + .159?
bg - .1667 + ,0559 + 2269



Table 22, Decoded regression coefficients for Method IV

Yl Yz b f 3 Yh YS
bo +29.8306 -26,2719 +7.692L  +52,7135 +55,2836
by + G315 + L1285 + 08l - .1738 - J0563
ba + 5127 - .220L + 011l + L1520 - L1050
b3 + 051153 + ol‘h33 + .1 876 + -12}49 * -3128
bl - L2021 - L3918 - .2725 - .3560 - 327k
bg - 0147 + 1005 - .02h5 + 1518 + .1011
b4 +  .2096 + .2227 - 0382 + .0586 +  L71h0
by - .B863 + 1.113h + 9629 + JOTL7 +  L656

Ys Yo Ig Yo o
bo +70.8790 +66,6023 -1,4208 +3l,L722 +79.L078
by + LW2la2 +  W311h + 1176 + 1837 + .2536
bo - L0091 + W2h01 + 22512 + .353L +  L0L96
by + 23663 - 1837 - .0005 + 1603 + .2L93
b), + L0012 + L0513 + 016l - L1137 - 566l
b - 0763 - 0541 + .06L6 +  ,1995 - 0519
bg, + L2699 - 0091 - .00L5 - L00L5 +  .3665
by - 9369 - .L688 + 9695 + L1653 - o56LL

m 112 113 Y1y 115
bo +li); ,6808 +78.L586 +40.3897  +63.02L0 +01,212)
bl - -199h * n076h - l1?03 + |1353 + .1h?2
ba + 2296 +  J1ULbb + L0798 + ,0088 - L1287
b3 + 0259 + L0080 + 2585 +  .2904 + L1055
bh - 31926 + vh?o-l-l - .1,-L1th L] -0569 - ¢5h90
bg - L2072 + L1048 + 5009 - ,103L + 42350
bg + 3095 - J1h27 - L2210 - L6 + .3228
by + 45090 - JB3L5 + 3670 - L1899 + L6107



Table 22.

Decoded recression coefficients for Method IV (continued)

Y16 N7 N8 N9 Ty0
bo +78,2927 +7L,3170 +69,2928  +66,2329 +95.7672
b + L0656 + .3528 +  JL272 + ,1938 + L1237
b2 + 02173 - -hShB = 0369h eo -1979 + 01951
b3 + 0791 + WJ1231 - A782 - L2807 - .0LL2
bj, - .06L0 - Wu7h2 + W97 o+ L2917 + 588l
bg - L2702 - L0193 - L0045 + .3718 - 2966
b6 - .0622 - -3377 Lo 05551 - t0680 - 02573
b7 - 02019 + .561;0 + oh323 - 00017 - . 7h93

In Y22 T3 T, Y5
bo +85.9433 +3.6554 +L6.30b6  +57.6968 +79.6712
b + 2867 + L1831 + oLk + LOla2 + ,2272
by + L,1528 + 101k +  JdU6T + L0596 - L0627
b3 + o2h3lL + 23919 + L1305 + 1562 - 0008
b, + W73 - 2906 = a17A - ,1708 + L1719
bg - JALT79 + ,0205 + L0653 + 0729 - L0560
bg - 2136 + L1320 + L1693 + L1151 - ,2288
b? - -7221 + 05013 " 01072 G 00068 - 01370

126 Y27 128
bo +85,5197 +87,7888 +78.1836
b + L080L + J1526 + 0330
bo + L1189 - L,0LO3 - L1786
b3 - L0548 - 016} - L1800
b}, - L0291 + L0813 + L0707
bs + +01 71 - 01 812 - oOShS
bé - .05L6 - .1007 - 079
b7 i 10399 + . 02 2’4 .+ l3099




Table 23,

Total sums of squares, corrections, corrected sums of squares, and sums of squares attributable

to regression for the L methods

i

_— T;%al Corrections 2 Heth;g I Heth;g II Mcth;g IIX Meth;g Iv
Y 81123.80 79076.28 20L7.52  1121.88 1253.18 1167.37 1090.66
Y, 81176.88 79056.70 2120.18 813,97 799.LL 790426 755.32
¥y B661L 6L 8L1998.6L 1616.00 533.12 126,23 316.17 226,70
1), 9696L .92 95172.51 1792.11 7h.92 136.35 21.L7 119.13
Yo 103570.6L 101748.17 182247 28L.37 455,08 299.89 711.29
Tg 121336.36 119448.88 1937.L8 539.20 601.97 199 .6k 466,78
Y7 128571.52 126703.2L 1868,28 518.h0 113.27 14186.62 229.67
g 132682.12 130977.00 1705.12 788.07 890,22 755.10 573.86
Yo 134931.36 133381.94 15L9.k2 L67.20 686,75 456,72 L76.53
Y10 142827.92 1L0597 .45 2230.,47 132,57 670.00 138,78 56k .48
14 145h92.32 143378.6L 2113.68 140.1k L02.55 156.27 269.06
Y, 157L28.76 155L61.36 1967.40 600,45 420,16 L38.50 271.58
Y4 160L36.52 158995.L0 1hla.12 86.73 320.L6 176.97 119.6k
Yy), 171826.16 170L496.L8 1329.68 113.69 375.03 231.31 152.27
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Table 23, Total sums of squares, corrections, corrected sums of squares , and sums of squares attributable
to regression for the L methods (continued)
Total Corrections Method I Method II Method III Method IV
Period Y2 y? ¥2 v2 y2 2
Y5 175370.96 173847.97 1522.90 267.12 322.99 323.28 L55.08
Y4 163119.76 16108L1.59 2035.17 168.8l 727.53 642,57 122.93
Y7 177585.60 175827.80 1757.80 116.89 565.148 216.L5 502.16
Yq8 199032,56 19766).,12 1368.hL 16L.81 453,17 299.07 369.68
Tig 202251,32 200990.46 1260.86 131.79 300.65 208.49 290.00
Y20 2203h7.2L 219243.15 1104.09 13k.64 136.58 259.06 390,58
Y01 2214901.8) 223732.60 1169.2L 254.81 317.31 112.93 3L3.89
Yoo 82219.85 81016.73 1203.12 538.8L 562,06 L76.9L L39.72
o3 117985.36 117435.94 Sho L2 175.21 165,97 133,94 152,00
o), 1575L0.63 157016.L1 S52l.22 78.43 93.31 68.08 77.94
o5 19829L.74 197849.91 Lk .83 80.25 128,21 11L.06 82,94
Yog 254708,12 254602.L8 105 .6k 17.17 22,51 33.21 33.91
Yye 2Lk03L .09 2113913,22 120,87 25459 28.50 .9 7L.82
Tog 192611:.98 192283,67 331.31 511,03 77.37 58.11 78.77
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Table 2). R values and probability levels for all Y periods and

methods

ooriod Me%gg? I Me?gg? II Me?gg? III Me?gg? I\
Y, .5h792 (L005)F  .61205 (.005) L5701k (.005) 53267 (.005)
Yo  .39807 (.05) 37706 (.25)  .37273 (.05) .35625 (.10)
Yy 32990 (.10) 26376 (.50)  .19565 (.50)  .1L029 (n.s.)
Y),  .0u180 (n.s.)*™  ,07607 (n.s.) .01198 (n.s.) ,066L7 (n.s.)
Yg 1560k (n.s.) 24971 (.50)  ,16L55 (n.s.) 39029 (.10)
Yy 27830 (.25) 31070 (.50) .25788 (.25) ,2L092 (.50)
Y7 .277L8 (.25) 22120 (n.s.) .260L6 (.25) .12293 (n.s.) -
Yy  .L6218 (.01) .52209 (.025) .hh28S (.025) .33655 (.25)
Yo  .30153 (.25) k323 (.05)  .29L77 (.25)  .30755 (.25)
Y10 #1939k (.50) .30038 (.50) 19672 (.50)  .25308 (.50)
Y37 06630 (n.s.) 19045 (n.s.) .07393 (n.s.) .12729 (n.s.)
Y3, 30520 (.25) 21356 (n.s.) .22288 (.50) .1380L (n.s.)
Y33 06019 (n.s.) 22237 (n.s.) .12280 (n.s.) .29119 (.25)
Yy), 31112 (.25) 28205 (.50) .17396 (n.s.) 11452 (n.s.)
Y1 .17539 (.50) 21208 (n.s.) .21227 (.50) .29881 (.25)
16 .23037 (.50) 235748 (.25) 31574 (.25)  .060L40 (n.s.)
Y17 .23717 (.50) .32170 (.25) 1231k (n.s.) .28567 (.25)
Y;5  120Lk (n.s.) 33091 (.25) 21855 (.50) .27015 (.50)
Y19  .10k52 (n.s.) 23845 (n.s.) .16536 (n.s.) .23000 (.50)
Yoo  .1219h (n.s.) 12371 (n.s.) .23L6L (.50)  .35375 (.25)

21793 (.50)

.27138 (.50)

.35316 (,10)

29111 (.25)
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Table 2L, R? values and probability levels for all Y periods and
methods (continued)

- Hazgg? I Me?ggg IT He?;g? III He%;g? v
Yy,  .LL787 (.025) L6717 (L05)  .396k2 (.05)  .365L8 (.10)
Tp3 .31889 (.10) 030207 (.50) .24379 (.50) .27665 (.50)
Tp), k961 (n.s.) 217801 (n.s.) 12987 (n.s.) 14868 (n.s.)
Yo 18042 (.50) 28821 (.50) .256l (.25)  .186L5 (nm.s.)
Tog  .1625L (n.s.) .21310 (n.s.) .31438 (,25) .32103 (.25)
Yo7  .2117h (.50) .23580 (n.s.) .18129 (.50) .A1905 (.005)
Y58  .16310 (n.s.) 23352 (n.s.) .175L0 (,50) .23775 (.50)

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

*¥* Not significant at 50% level of probability or less,



Table 25, Analysis of variance for the multiple linear regression

of Method I, Yy

Degrees of Sum of Mean
Source of variation freedom squares squares
Due to regression 6 1121.88 186,58
Deviations about regression 26 9285 6L 35,60
Total 32 20L7.52
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Table 26, Independent (X) variables for 1922-23 and 1955-56

192223
Method I Method II Method ITI Method IV
Xy = Lk.03 X} = 36.8 X = 36,3 Xy = 36.8
Xp = 0.2375 Xp = 36.0 Xp = 36.0 Xp = 38.0
X3 = 0.008L5 X3 = 3L.8 X3 = 36.8 X3 = 34.0
X), = 0.0002577 X), = 26.1 X) = 27.8 X, = 35.8
Xg = 0.000006698 Xg = 39.2 X5 = 36.2 Xg = 3L.3
Xg = 0.0000001395 Xg = 35.0 Xg = 5L.7 Xg = 27.6
X7 = h2.3 X7 = L47.0

Xg = 70.8

1955-56
Method I Method II Method III Method IV
Xy = LL.59 X = 33.0 X = 35,0 X = 33.0
Xp = 0,19L4 Xz = U3.1 X2 = 38.3 X = 40,0
X3 = 0,005690 X3 = 36,1 Xy = 40.8 X3 = L6.2
X), = 0,0001723 X), = 25.7 X) = 27.8 X), = 38.0
Xg = 0.000005560 Xg = L1.0 Xg = 40.9 Xg = 35.2
X4 = 0,0000000613 Xg = 39.6 Xg = 52.5 X4 = 30.2
X7 = L3.9 X7 = L7.0

Xg = 65.6




Table 27, Actual, computed, and deviations frem actual temperatures for 1923
— 33-year average
Actual temperatures Method I Method II Method III Method IV

Period  temp. (Comp.) (Dev.) (Comp.) (Dev.) (Comp,) (Dev.)  (Comp.) (Dev,)  (Comp.) (Dev.)
Ty 35.4 L9.0 +13.6 4L0.8 + 5. 1.5 +6.1 1.0 + 5.6 36.8 + 1.4
Yo 1.0 49.0 + 8.0 S 4+ Lld Lg.1  + 8.1 50.6 + 9.6 L7.2 4+ 6.2
Ty 57.0 50.8 - 6.2 L9.9 -7.1 52.6 = L.k b9.1 - 7.9 51.2 = 5.8
Y), 50.L 53.7 + 3.3 52.8 + 2. 51.6  + 1,2 53.5 4+ 3.1 53.9 + 3.5
Yg 18,8 55.5 + 6.7 18.3 - 0.5 L9.1  + 0.3 50.2 + 1.4 L9k + 0.6
14 59.L 60.2 + 0.8 5he9 = L.S 52,3 =-7.1 56.9 = 2.5 52.7 = 6.7
T, 59.2 2.0 + 2,8 62,0 + 2.8 6h.5 + 5.3 61.2 + 2,0 58.6 = 0.6
Yg L7.6 63.0 +15.L 6L.0 +16.h4 67.2 +19.6 6l.1  +13.5 60.7 +13.1
g 59.2 63.6  + L.l Sh.8 - L.k 63.0 + 3.8 56,0 = 3.2 59.8 + 0.6
Y0 66,2 65.3 = 0.9 6h1l - 2.1 60.7 = 5.5 58.3 - 1.9 60.6 = 5.6
Y4 75.8 65.9 = 9.9 66.3 = 9.5 64.8 -11.0 66.2 - 9.6 65.L.  =10.L
Y5 56.6 68.6  +12,0 67.3  +10.7 6he5  + 7.9 63.8 + 7.2 6h.i  + 7.8
T3 69.8 69.L - 0.l 67.6 = 2.2 68.0 ~-1.8 69.6 = 0,2 69.1 = 0.7
), .6 71.9 + 0.3 67.2 = L. 65.6 = 6.0 72,1  + 0.5 67.8 - 3.8
Tig 62.6 72.6 +10.0 75.1  +12.5 7h.8  +12.2 70.7 + 8.1 .3 + 8.7(3



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  temp. (Corp.) (Dev.) (Comp.) (Dev.) (Comp.) (Dev.) (Comp.) (Dev,)  (Comp.) (Dev.)
Y16 66.0 70.0 + L.O 1.7  + 5.7 69.6 + 3.6 73.9 + 1.9 68.9 + 2.9
17 73.8 73.0 =~ 0.8 72.8 =1.0 72.4 - 1.k 761 + 2,3 78.5 4 L.7
g 78.L 77.L - 1.0 80.2 + 1.8 8h.2 -+ 5.8 82,7 + L.3 8l.2 + 2.8
g 68.8 78.0 + 9.2 7h.7 4+ 5.9 76,3 + 7.5 77.L  + 8.6 77.5 + B.7
Yoo 69.8 81.5 +11.7 7.7 + 7.9 78.1  + 8.3 80.4  +10.6 78+ 8.6
o 79.2 82.3 + 3.1 76.7 = 2.5 76.L - 2.8 80.3 + 1.1 77.0 = 2.2
Y5 Lk.5 L9.6 + 5.1 45.3 + 0.8 L7.8 + 3.3 46,9 + 2. L5.1  + 0.6
Yoy Sh.l 59.7 + 5.6 57.0 + 2.9 57.9 + 3.8 56.5 + 2.L 55.9 + 1.8
Ty, 67.0 69.0 + 2,0 68.1 4+ 1.1 66,6 = 0.L 67.2 + 0.2 66.7 - 0.3
Yog 73.5 T7.4 + 3.9 76.2  + 2.7 76+ 2.9 78.5 + 5.0 771+ 3.6
Yo, 87.5 87.8 + 0.3 87.3 = 0.2 87.1 - 0.L 86.7 - 0.8 87.2 - 0.3
Yye 8L.1 86.0 + 1.9 87.3  + 3.2 86.3 + 2.2 86,7 + 2.6 86.3 + 2.2
Yog  7h.9 76.3  + 1.l 79.5 + L.6 80.1 + 5.2 79.8 4 L.9 79.5 + L6

Maximum dev, from actual  15.L00 18,500 19.600 13.500 13300 o

Average dev, (Y7 to Yp1) 5.929 5.u19 6.176 5.576 5.019 &

Standard dev, (Y! to Ygg) 7.7l 6,888 ?.622 6.879 6,276



Table 28,

Actual, computed, and deviations from actual temperatures for 1956

———
gg-year average

Actual temperatures Method I Method II Method III Method IV
Period  temp,  (Comp.) (Dev.) (Comp.) (Dev.) (Comp.) (Dev,) (Comp.) (Dev.) (Comp,) (Dev.)
Yy 56.0 9.0 - 7.0 L.k -10.6 50.1 = 5.9 h5.9 -10.1 L3.3 =12.7
Y, 68.0 49.0  =19.0 55.0 =13.0 55.0 =13.0 55.0 =13.0 51.h  -16.6
Tq 55.8 50.8 = 5.0 54.9 - 0.9 53.0 -2.8 54.0 - 1.8 52.5 = 3.3
Y), 46.2 83.7 + 75 51.1  + L.9 504 4 L2 51.8 + 5.6 55.9 + 9.7
Yy 59.6 55.5 =La SL.6 = 5.0 52.8 - 6.8 48.3 -11.3 SL.5 = 5.1
Ty 62,0 0.2 - 1.8 60.7 =~ 1.3 60,2 = 1.8 60.1 - 1.9 56.9 = 5.1
T, 65.2 62.0 =~ 3.2 67.3 + 2.1 66.8 + 1.6 66.1 + 0.9 55.7 = 9.5
Yg 70.L 63.0 - 7. 67.8 = 2.6 72.L + 2.0 65.6 = L.8 60.8 - 9.6
Tg 61.2 63.6 + 2.4 63.0 +1.8 63.2  + 2.0 59.9 =-1.3 61.0 = 0.2
Y4 69.l 65.3 = L.l 67.6 =-1.8 6h.l - 5.3 59.1 -10.3 62,5 = 6.9
Y1, 70.6 65.9 = L.7 66.8 - 3.8 65.2 = 5S. 63.7 = 6.9 67.1 - 3.5
T 53.2 68,6  +15.L 57.2 + L.0 63.1 + 9.9 60.s  + 7.2 65.3 +12,1
T4 71,2 69.s - 7.8 67.9 - 9.3 73.0 - L.2 71.2 - 6.0 72.6 - L.6
), 81.2 71.9 - 9.3 h.5 - 6.7 73.3 = 17.9 73.8 - 7.k 71.0 -10.2

T 73.0 72.6 = 0. 70.6 - 2.4 70.5 = 2.5 66.1 - 6.9 1.7 -13W



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

33-year average

Actual temperatures Method I Method II Method ITI Method IV
Period _temp. (Comp.) (Dev.) (Comp,) (Dev.) (Comp.) (Dev.) (Comp.) (Dev,) (Comp.) (Dev,)
Y4 82.2 69.9 ~12.3 781 = L.l 78.8 = 3.L 80.Lk - 1.8 69.5 =12.7
Yy 80.6 73.0 = 7.6 80.8 + 0.2 73.6 =17.0 75.9 = L7 75.8 = L.8
Y3  87.8 7.4 -10.L Bl.8 - 6.0 83.7 - L. 85.3 = 2.5 75.9  =11.9
Yip 756 78,0 + 2.k 75.9 +0.3  Th6 =1.0  75.9 +0.3  73.8 -1.8
Yoo 78.L 8l.5 + 3.1 78.3 = 0.1 79.4L  +1.0 8l.9 + 3.5 78.3 = 0.1
Yoy 8Li.6 82.3 =-2.3 79.1 - 5.5 79.2 = 5. 83.2 =~ 1.L 79.2 = 5.L
Y92 59.9 49.6  =10.3 51.8 - 8. 52,7 =17.1 51.6 =~ 8.3 49.1 -10.8
Yoq 60.8 59.7 =-1. 60.7 = 0.1 61.0 + 0.2 58.7 = 2. 57.5 = 3.3
Yoy, 7.l 69.0 - 2.1 67.6 - 3.5 68.5 - 2.6 66.1 - 5.0 68.5 =~ 2.6
Yoo 81.8 77.h = L. 79.2 = 2.6 78.5 = 3.3 80.7 =1.1 75.8 = 6.0
Yog 88.4 87.8 = 0.6 68.2 - 0.2 87.2 =1.2 87.5 - 0.9 86.3 - 2.1
Y, 856 86,0 + 0. 86.L +0.8 857 +0. 865 -0.9 852 -0
o8 80.L 76.3 = kL. 78.h - 2.0 77.3 = 3.1 78.9 =-1.5 76.7 - 3.7
Maximum dev, from actual 19,000 13,000 13,000 13.000 156.600
Average dev. (Y3 to Yp3) 6.533 L.y L.629 5.219 7.005

8.196 5.L48kL 5.655 6.528

Standard dev. (Y3 to Yp)

8.567




Table 29, Maximum daily temperature data for Logan, Utah, 1956-57

67

1956 _1957
Day September October November December January February March
1 74 70 3k L2 3k 33 L5
2 82 71 32 38 31 1 50
3 8o 7l 30 39 Lo LO L8
L i 77 3T L2 25 35 5L
5 79 15 3L L9 3 32 Il
6 83 %% L2 32 16 32 L7
7 8l L7 31 23 3l nn
8 85 77 Lé 15 26 39 5L
9 8L 73 50 1L 3k L8 6L
10 87 66 53 18 28 Lé 57
¥ 80 67 58 32 26 36 LS
12 86 74 58 L5 1 53 50
13 85 51 57 L5 LbL Lk 57
1L 82 %2 56 Ll 39 37 39
15 8l 2 35 39 hi 39 Lk
16 8L 65 L A 39 35 56
17 85 69 E% 42 26 37 57
18 87 70 L5 Ll 20 £ L9
19 86 65 32 3k 23 37 52
20 89 65 2l 1 L1 52 58
21 82 62 28 37 36 50 60
22 65 65 33 En 32 L7 39
23 72 62 37 25 22 54
2k 72 59 Lo 32 29 52 g%
25 77 35 Ihi 31 k)l 56
26 80 L6 Lo 32 30 51 us
27 82 57 1 22 29 52 L8
28 17 62 39 22 29 50 5k
29 13 3L LO 29 21 59
30 70 L1 I 30 15 56
31 ' 55 30 21 50

Il
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Table 30, Computation of orthogonal polynomial coefficients for 1956-57

P —
e

T —— -

Sum of 2-~day Sum Difference

temperatures (s) (d) Computation of coefficients
83 83 166 0
B9 75 16k 1L Ag = £ s = 8168 = 90,7556
77 T 148 6 i] 90
32 57 89 =25

L6 63 109 =17 M =2 giﬁi] = 80,932 = 0.3331
a1 LL 125 37 zéE 242,970
Bl 59 1o 22 1

i
8o 6L 1Lk 16 Ap = E (s€2) = 1,89%,;32 = 0,025697
81 71 152 10 73,765,692

2
80 56 136 2l €2
% 23 E? %?r Ay = Z(a€s) = =350,879
= = - 9 7
61 sk 115 7 = 2.2 L7,3%8,112,220
56 85 1l -29 3
90 80 170 10 = =0,000007L08
78 65 1h3 13
2313 L3 156 70 s:
116 77 193 39 A, = E (s54) = -72,116,62;
103 Sk 157 L9 Es;a Thyl574,u09,2 6,260
93 A0 153 33
76 59 135 17 = =0,000001063
61 50 111 11
32 33 o gg z(de') 1,378,759,355
7 170 Ag = 2
94 75 171 21 ‘Efjg’%%' 19,677,%%§f3%?;751,6§b
103 6L 167 39 5
oL 73 167 21 = 0,00000007007
127 9L 221 33
127 &9 216 38
135 81 216 5l
13k Th 208 60
121 Th 195 L7
125 89 21k 36

133 97 230 36
150 106 256 Ll
1L8 107 255 i

152 102 25y 50
145 95 20 50
1,0 102 242 38
150 88 238 62
162 98 260 6l
19 121 270 28
137 95 232 L2
171 96 267 75
173 100 273 73

Sum BIEE

|




Table 31,

Independent (X) variables for the 1957 forecasts

69

Method I

>4
=

“ﬂkf' “ﬂd?

b
n

X3g
Xh -
Xs -

X =

= 90. 7556 = 15,38

= 0. 3331 = 0,1666

42 = 0.025697 = 0.0128L9

2 )

2

;h + 0.00000550 = =0,000001063 + 0,000000550 = 0,00000L968

2

43 4 0.0001800 = -0.000007408 + 0.0001800 = 0,0001763
-

'gg + 0.00000025 = 0.00000007007 + 0.000000250 = 0,0000002851

Method II Method III Method IV
X, = 9.2 X = L6.3 Xy = L9,2
X, = 50.4 Xy = 5h.5 X, = 52,8
X3 = L6.3 X3 = L9.2 X3 = 18,0
X, = 34.8 X), = 40,0 X), = 50.8
Xg = 31.1 Xg = 31.5 Xg = LL.O
X6 = 33.6 Xg = 53.L Xg = L0.1
X7 = U1.9 X7 = U5.2

XB = ﬁgch




Table 32, The 1957 temperature forecast 70

— ——— — - —
et i - — =

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

average
Ty 19.0 58.3 59.5 5542 5743 5542
Y, L49.0 Lé.1 49.5 L7.2 L7.0 2.2
T, 50.8 L9.9 54.0 5k.6 L8.5 53.L
Y), 53.7 54.8 56.1 52.8 52.5
Yg 55.5  5k.6 56.9 55.9 57.k
Yg 60,2 62.3 62.7 62.1 65.0
Y, 62.0 63,2 62.9 63.8 6li.5
g 63.0 63,2 66.2 68.6 649
Ty 63.6 69.1 69.k 7.2 6L.9
Yyo 65.3 68.L 68.0 67.8 6L.6
Yy 65.9 63.3 65.5 63.5 6L.8
O 68.6 78.L 75.3 72.0 75.L
T3 69.ls 1.5 75.1 70.6 L.
1), 1.9 69.7 70.0 70.8 74.0
g 72.6 78.0 75.8 68.1 69.7
Yig 69.9 67.2 65.5 68.3 70.0
Y97 73.0 66.0 65.1 68.8 65.1
Y18 77.h 76.L 75.9 L9 75.6
o 78.0  79.7 78.3 75.0 80,2
Yoo 81.5 81.7 82.1 86.5 87.8
Yoy 82.3 85.5 85.3 86.L 88.2

. L9.6 Sl 5kl 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
T3 59.7 61,2 62,3 62,L 61.5
o), 69.0 71.L 1.l 68.6 69.8
o5 77 76.9 76.2 77.5 78.L
Yot 87.8 88.4 88.0 88.9 88.3
Yoq 86.0 86.3 85.0 85.L 85.5




METHOD 1

September 18 (leap year 19) March 16 March 17 September 30
Orthogonal polynomial coefficients \M
asg:. funzti.g: of temperatures )} 1 «Y's are the same for all methods
METHOD II

I Xy T %3-*———-———Yh to Yeo—:——la: Yo I
,F_ _,+(._x_,_|.‘_ X L1 111 llllll._l
* k B e b e 27’T‘"‘72*1

METHOD III
IJ X < X —rfe Xu""! ‘k}" —(same as above) J
l" 6 5 3 I
METHOD IV

X
Iﬂ X7 rr‘l".ugl"x5 same as above)

. S

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