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ABSTRACT

For any non linear function Y = £(x) regression may
be obtained by fitting a polynomial. The general form of

the polynomial regression is as given under:
- 2
Y = a. + a.X + aoX" + ceecaees o e A aXa kil e

where:

Y is the dependent variable and agr By cerie a_ are
the regression coefficients. The documentation of the
computer programme for polynomial regression includes the
1isting of the source file, data file and output file with
test data and example calculations. The details of various
statistics given in the programme output have also been

given in the documentation.




1.0 INTRODUCTION

Regression represents a mathematical equation express-
ing one random variable as being correlatively related to
another random variable or several random variables. The
regression equation may be any function that can be fitted to
a set of observed variables. If the variables are linearly
related then the regression is called linear regression. In
non-linear regression the variables are non-linearly related.

For any non-linear function, Y = f(X) regression may be
obtained by fitting a polynomial. The general form of the

polynomial regression is as given under:
m
Y =a. +a,X + a,X .eececeace S5 amx + € o 0w (1)

The coefficients Apr 8yr erevenes , a are the regress:
ion coefficients and are determined by the least squares
method of parameter estimation. ¢ is the error term. The
power order M 1is chosen so as to minimise the sum of the
squares of deviations from the line. The power M should be
much lower than the sample size, N, in order to have a
sufficient number of degrees of freedom (N - M - 1) and to
have a reliable estimate of the standard deviation. Generally,
the value of M is between 2 and 4 as it is very difficult to
explain higher degree of M.

It is preferable to plot the data on a single graph

first to have a preliminary idea about the value of M or the



degree of polynomial to be fitted to the data and also to
- eliminate any inconsistent points.

The polynomial regression analysis is generally used
for trend analysis in hydrologic data. The programme for
polynomial regression analysis described in this documenta-
tion has been taken from IBM Scientific Subroutine Package
and implemented/tested on VAX-11/780 computer system of

National Institute.of Hydrology, Roorkee.




2.0 PURPOSE OF THE PROGRAMME

The programme calls subroutines to perform the
regression analysis. The programme prints the regression
coefficients and analysis of variance tables for polynomials
of successively increasing degrees. The programme also
optionally prints the table of residuals and a plot of
observed Y values and Y estimates versus base variable X.

If there is no reduction in the residual sum of squares
between two successive degrees of polynomials the programme
terminates the problem, otherwise it continues till the

analysis for the highest degree of polynomial specified is

completed.




3. 0 SPECIFIC METHOD

Various statistical parameters given in the output
are computed by the following equations:
a) Regression coefficients for successive degrees of

polynomials:

Regression coefficients are the values of a.

a a, etc. in the equation given below:

2% 3

2 m
0 + alx + a2X = TG B e S amX elaren (12)

Y = a
For first degree polynomial there will be only one regression

coefficient. The value of a, is the intercept.

b) Analysis of variance for successive degrees of
polynomials:
Analysis of variance includes computation of variance
explained due to regression and due to deviation about the
regression line. The F-value is also computed.

1) Variance due to regression is given by the following

expression:
N T
Variance due to regression = % (Yi—Y ) N ()
i=1
where:
. : JER
Yi : Estimated i value of Y

Y : The mean of Y values

ii) Variance due to deviation about regression is given




Variance due to deviation about N 2

regression = 1, (¥, - Y3) ... (4)
where:
e th
Yi : Observed i value of Y
; . .th
Yi : Estimated 1 value of Y

c) F wvalue

F value is the ratio of mean squares due to regression

and mean squaresabout the regression line.

Mean squares due to regression

= = ~raiet (1D}
Mean squares about regression




4.0 COMPUTER PROGRAMME |

The main features of computer programme and different

subroutines are discussed as follows:

4.1 Programme Subroutines

The computer programme for polynomial regression
consists of the main routine named PREG and five other sub-
routines named GDATA for data matrix generation for
polynomial regression, ORDER for rearrangement of inter-
correlations, MINV for matrix inversion, MULTR for multiple
linear regression and PLOT for plotting. These subroutines

are described in following paragraphs:

A. Subroutine GDATA (N, M, X, XBAR, STD, D, SUMSQ)

This subroutine generates independent variables upto
the Mth power ( the highest degree polynomial specified) and
calculates means, standard deviations, sums of cross products
of deviations from means and product moment correlation coeffi-
cients. The calling arguments are:

N : Number of observations

M : The highest degree polynomial to be fitted

X : Input matrix (N x M+1). When the subroutine is

called, data for the independent variable are
stored in the first column of the matrix, and
data for the dependent variable are stored in

the last column of the matrix. Upon returning




to the calling routine, generated powers of the

independent variable are stored in the columns

2 through M

XBAR : Output vector of length M 4+ 1 containing means
of independent and dependent variables
STD: Output vector of length M+l containing standard
deviations of independent and dependent varia-
bles
D : Output matrix containing correlation
coefficients

SUMSQ: Output vector of length (M+1l) containing sums

of products of deviations from means of

independent and dependent variable

B. Subroutine ORDER ( M,R, NDEP, K, ISAVE, RX, RY)

The purpose of this subroutine is to construct from
larger matrix of correlation coefficients, a subset of
matrix of intercorrelations among independent variables
and a vector of intercorrelations of independent variables

with dependent variable. The calling arguments are:

M : Number of variables and order of matrix R
R : Input matrix containing correlation coefficients
NDEP: The subscript number of the dependent variable
K : Number of independent variables to be included
in the forthcoming regression, K must be greater

than or equal to 1.




cC.

ISAVE: Input vector of length K + 1 containing,
in ascending order, the subscript numbers of
K independent variables to be included in
the forthcoming regression upon returning to
the calling routine. This vector contains,
in addition, the subscript number of the
dependent variable in K+1 position

RX: Output matrix ( K x K ) containing inter-
correlations among independent variables to be
used in forthcoming regression

RY: Output vector of length K containing inter-
correlations of independent variables with

dependent variable

Subroutine MINV ( A, N, D, L, M)

The subroutine is used for matrix inversion. The

calling arguments are:

D.

A : Input matrix destroyed in computation and
replaced by resultant inverse

N : Order of matrix A

D : Resultant determinant

L : Work vector of length N

M : Work vector of length N

Subroutine MULTR (N, K, XBAR, STD, D, RX, RY, ISAVE, B,SB,

T, ANS)

This performs a multiple linear regression analysis

for a dependent variable and a set of independent variables.




The

XBAR

..

STD:

RX:

RY':

ISAVE:

ANS:

ANS (1) :

calling arguments are .

Number of observations

Number of independent variables in the regression
Input vector of length M containing means of all
variables. M is the number of variables in the
observations

Input vector of length M containing standard
deviations of all variables

Input vector of length M containing the diagonal
of the matrix of sums of cross products of devia-
tions from means for all variables

Input matrix ( K x K) containing the inverse of
intercorrelations among independent variables
Input vector of length K containing intercorrela-
tions of independent variables with dependent
variable

Input vector of length (¥+1) containing subscripts
of dependent variables in ascending order. The
subscript of the dependent variable is stored

in the last K+1 position

Output vector of length K containing regression
coefficients

Output vector of length K containing standard
deviations of regression coefficients

Output vector of length K containing t values
Output vector of length 10 containing the
following information

Intercept



ANS(2) : Multiple correlation coefficient

ANS (3) : Standard error of estimate

ANS(4) : Sum of squares attributable to regression
(SSAR)

ANS (5) : Degree of freedom associated with SSAR

ANS (6) : Mean squaresof SSAR
ANS(7) : Sum of squares of deviations from regression
(SSDR)

ANS (8) : Degrees of freedom associated with (SSDR)
ANS(9) : Mean squaresof SSDR

ANS (10): F wvalue

E.Subroutine PLOT (NO, A, N, M, NL, NS )

The purpose of this subroutine is to plot Y values
and Y estimates versus base variable X. The calling arguments
are :
NO : Chart number
A : Matrix of data to be plotted. First column
represents base variable and successive
columns are the cross variables ( maximum 9)

N : Number of rows in A

M : Number of columns in matrix A (equal to the
total number of wvariables ) maximum is 10

NL : Number of lines in the plot. If 0 is specified
50 lines are used

NS : Code for sorting the base variable data in

ascending order

0 : Sorting is not necessary




1l = Sorting is necessary
The listing of the source programme has been given in

Appendix I.

4.2 Programme Modifications

The programme capacity can be increased or decreased
by making changes in dimension statements. The following
are the general rules for the programme modifications:

a. The dimension of array X must be greater than or
equal to the product N (M + 1), where N is the
number of observations and M is the highest degree
polynomial to be fitted.

b. The dimensions of array DI must be greater than or

equal to the product-of M x M.

C» The dimension of array D must be greater than or
equal to (M+2) (M+1)/2.

d. The dimensions of arrays B, E, SB and T must be
greater than or equal to the highest degree poly-
nomial to be fitted, M.

e. The dimension of arrays XBAR, STD, COE, SUMSQ and
ISAVE must be greater than or equal to (M+1).

£ The dimension of array P must be greater than or

egual to 3 x N.

11



5.0 INPUT SPECIFICATIONS, OUTPUT DESCRIPTION AND
RESCTIRCTIONSON USE

5 L .Input Specifications

Input data file contains control and data lines/cards.

5.1.1 Control cards
In first line,title of the problem is given in A
format.

Second line

Column Contents

=5 Number of observations

6—7 Highest degree polynomial to be
fitted

8 Option code for plotting Y

values and Y estimates versus
base variable X

0 if it is not required

1 if it is required

5.1.2 Data cards
Input data are read into the computer one observation

at a time i.e. each pair or X and Y values in free format.

5.2 OQutput Description
The output for the programme for polynomial regression
includes:

a. Regression coefficients for successive degree polynomials

12




b. Analysis of variance for successive degree polvnomials

Q. Table of residuals for the final degree polynomial

d. Plot of Y values and Y estimates versus base variable
X (Optional). Observed Y values are denoted by 1 and

estimated values by 2.

5.3 Restrictions on Use

All the pairs should be complete i.e. there should not

be any missing data.

13




6.0 TEST DATA

The programme for polynomial regression has been run
on 93 years (1887-1979) annual peak stage data of river

Narmada at BROACH. This has been done in order to see

the trend in the data. The stage data is given below:

S1 Year Stage S1 Year Stage S1 Year Stage
No. (m) No. (m) No. (m)
1. 1887 26.50 35. 1921 24.50 69. 1955 28.50
2. 1888 21.00 36. 1922 24.50 70. 1956 27.00
3. 1889 23.50 37. 1923 30.00 71. 1957 27.50
4. 1890 25.00 38. 1924 27.00 72. 1958 25.50
5. 1891 22.50 39. 1925 22.00 73. 1959 33.00
6. 1892 27.50 40. 1926 29.50 74. 1960 25.50
7. 1893  24.50 41. 1927 28.00 75. 1961 25.20
8. 1894 30.00 42, 1928 27.50 76. 1962 32.30
9. 1895 21.50 43. 1929 25.00 77. 1963 23.00
10. 1896 30.00 44. 1930 30.50 78. 1964 25.25
11. 1897 27.00 45. 1931 29.50 79. 1965 23.00
12. 1898 30.00 46. 1932 29,00 80. 1966 20.60
13. 1899 18.25 47. 1933 34.00 8l. 1967 23.75
14. 1900 28.00 48. 1934 29.50 82. 1968 38.50
15. 1901 26.50 49. 1935 23.50 83. 1969 29.60
16. 1902 20.50 50. 1936 26.50 84. 1970 41.50
17. 1903 23.50 51. 1937 30.50 85. 1971 26.00
18. 1904 21.50 52. 1938 30.50 86. 1972 32.00
19. 1905 30.70 53. 1939 34.00 87. 1973 36.50
20. 1906 32.50 54. 1940 26.50 88. 1974 29.98
21. 1907 25.00 55. 1941 29,00 89. 1975 28.50
22. 1908 24.50 56. 1942 34.50 90. 1976 26.50
23. 1909 17.00 57. 1943 25,50 91. 1977 26.99
24. 1910 25.50 58. 1944 35.00 92. 1978 29.54
25. 1911 20.50 59. 1945 33.00 93, 1979 31.49
26. 1912 28.00 60. 1946 27.50

27. 1913 33.00 61. 1947 31.50

28. 1914 21.50 62. 1948 29.50

29. 1915 24.50 63. 1949 29.00

30. 1916 27.50 64. 1950 35.00

31, 1917 27.00 65. 1951 23.50

32. 1918 19.50 66. 1952 23.50

33. 1919  32.50 67. 1953 33.00

34. 1920 122.50 68. 1954 29,50

14




7.0 EXAMPLE CALCULATIONS

The calculations for first degree polynomial are
given below:

Step 1 : For first degree polynomial (straight line)
regression coefficients are obtained by method of
least squares. The coefficients are given below:

Intercept'= 24.62
Regression coefficient a; = 0.0611
93

Step 2 : Sum of squares due to regression = 1} (Yi = ?i)
i=1

2

= 250.37
Sum of squares due to deviation from regression

93 2
= F (¥l ='Y.) = 1615.39
. i i
i=1
Mean squares due to regression

Mean squares due to deviation
from regression

]

F value

(250.37/2)
(1615.39/91)

15




8.0 APPLICATION, SAMPLE INPUT AND SAMPLE OUTPUT

The programme for polynomial regression has been run
on the 93 years peak stage data of river Narmada at Broach

to analyse the trend in the data.

gl Sample input

The listing of the sample input ( data file ) has been
given in Appendix II.

In the sample problem total number of observations
is 93 and the highest degree of pélynomial required is 2Z.
The plot is also required. The value of N, M and N PLOT
will be 93, 2, 1 respectively.

In the data lines, the value of X will vary from 1
to 93. The X values and Y values have been punched in free

format.

82 Sample Output

The listing of the sample output has been given in
Appendix III.

The programme first fits one degree polynomial to the
stages. The relation obtained is

Y = 24.623 + 0.0611207 t

The deviation about regression line is 1615.3916. 1In

case of second degree polynomial, the relation obtained is

2
X = 23:83937 + 0.11062 €t ~: 0,0005267 t

16




The deviation about regression line is 1604.6779. The
improvement in terms of sum of squares for second degree
polynomial is 10.71358. So second degree polynomial better
fits the data as compared to first degree. The table of
residuals and plot of Y values denoted by (1) and Y estimates

denoted by (2) wversus base variable X has been given in

Appendix III.

17




9.0 RECOMMENDATIONS

The programme for polynomial regression can deal upto
100 observations and 10th degree polynomial. Therefore if
a problem satisfies the above conditions it is not necessary
to modify the programme. However, if there are more than
100 observations or if greater than lUth degree polynomial

is desired, dimension statements in the main programme must

be modified to handle the problem.
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APPENDIX I

POLYNOMIAL REGRESSION PROGRAMME

HASTER POLYNOHIAL REGRESSION

DIMEMBION HO1000 s RIA00 e BIAS s ROLOY s E010 w BRI
IT030 X BARIIT raETROTI S COE(3 2 r - BUMERLI L s IEAVE(IL s
ZANSAIQIsPIRO0 - TITLECRRS

QPEMAUNIT=G:FILE="PREG . DAT "~ STATUS="QLDS
QPENLUNIT=&FILE="PRIGQUT s BTATUR="NEY
FORMATCIS 121317

FORBAT(ZF& O
FOERMAT(LY " POLYNDOMIAL REGRESSIOM. v 42
FORMAT (s © NUMBRER OF ORSERUASIDNR sI144:
FORMATC " FOLYMOKIAL RECRESEION OF DEGREEE I3}
FOEMAT( " INTERCEPT sFZ0. 47
FORMATL/y© REGRESSINN CREFFICI e
FOEMATLING Z0Y © alkal YETIE OF RaF
1 “REGREE OF POLYHONIAL !
FORMAT (1H0: 1% "SQUECE DF Uen 147t
Ts2ds "BUNM OF 72 TW: AMML AR 5% THE 5
“TEPFQ’JEE“ s TFREEROH s 43 " SHL f-~'
JoHUALUE 1%, OF S OF SRUARES' )
FGHHQT"WWUF TQ REGRESHIOH 74
1aF10,2F7. 21F12:210
FORMAT(® DEVIAION ARDUT REGRESSIOM sISsF12,.0sF 14,20
FORMATIEE: "TOTAL "s11ks uuFlu.LfJ:?
FORMATL MO IMPROVEMEMT "
FBFﬂhf IHGA A274. 7 TARLE QF PEQI“Uﬁchﬁf
114 HORSERVATION MO, S 7THA VALUE: 74 THY walllt P2
Z210HY ESTIMATE: 7¥:BHRERIDRUAL /1
FORMATA 2% Ié*FiS»q'F14va151” SsF1E.5)
FORMATIBOAL Y
REARIS 1&ITITLE
REARIS: 1N MePL QT
WRITE(& 1A TITLE
WRITE(&x T
WRITE(& 4N
REAR INPUT DRATA
L=M4H
DR 110I=14+H
NE B
REARISs ) K(Iisalty
CALL GRATAINsMa Y- nRAF-ETR: R BURER Y
HH=K+1
SUM=0 . 0
HT=8-1
RO 200 Istal
ISAYELII=]
CALL ORDER/MMaD:MMsI-ISAVE-RISE?
Catl HIMMDIT«RETaR«TY
Call MULTRIMa I XRARSTRs SUMEDRs
WRITE(&LsSY I
IFCANS(T Y 1401305124

...-.
r-"
fed
Lo
3z
e
rA
=

A}
e
e
u

-

=
=
73

T=in




[ B
> e
S o

=

r3 P
0 By
e

SUMTP=ANS( 4}~ SUK

TFISUMIF? 1405140152

MRITE &5 132

&0 TO 210

BRITE(&s &1 ANSLE
MRITE(&s 73 IR S s ds1s 10

WRITE(&e8) I

MRITEC&s 0

SUK=ANE 41

WRITECS» 101 DsaMR(4? s aNS 4Ty ANI 10 SUNT
MNI=ANMR/IR)

MRITE(&s111 NIsANRLT ) ANRLR)
WRITE(&s 121 NT+SUMSR{mM)
COE(11=ANG(1)

RO 140 J=is]

COE( 411 =R/ 1Y

La=T

CONT INUE

TEST WHETHER PLOT IS REDUIRER UK N1
IF(NPLOTY 100:100:220

NPI=N4N

D0 230 I=isH

HET=NPI41

PIMPZI=COE (1)

L=1

DR 230 J=1sLA
PONPIY=R (NPT 4Y (L YRORE 141

L=L 4N

N2=N

L=NkH

RO 240 I=1aN

PLII=X01)

N2=N241

L=L+41

PINZY=X(L)

WRITE(&s T}

WRITE(&sS) LA

MRITE(&:14}

NF2=H

NPT=N+N

D0 250 I=1:N

NP2=NP241

NP3=NPI41

RESIN=F(NF21-P (NPT

WRITEC&s1S) TuP(IYsPINPDYsP{NPT1sRESID
CALL PLOT(LALFsNaZs 0103

STOP

END

SUBROUTINE ORDER(MsRHRER: K ISAVE s RERY Y
DIMENSION RV1YVsISAVE(L 7 RRLIIaRYITE

I-2/9



(o

M0
DO 130 J=ien
L2=I8AVEL 1
IFINDEP-L 7112242
L=NDRERS (|78 2-L21 ¢
GR TQ 125
L=l 24+ NIEPENREP-NDRER ) /3
RYLAI=RILY
0 130 I=isf
L1=ISAVE(TY
IF(L1-L21107:128:128
L=L 14002802120/
GQ TQ 128

L 2L LRLE =L E D
MM 1
RY(MMI=R(L)
TSAVE (41 r=NDEP
SETURN
END

BUREQUTIMNE MINVIAsMsRalsM)
RIMENEION ACLhaLilleMoty
GEARCH FOR LARBERT SLEMENT
D'-l ’L'

Mit=-N

DR BC K=iai

Mit=NIHN

LiKr=t

M=K

KE=NE 4

RIGA=ALKKY

BR 20 A=fsM

TI=MeL -1

RO 20 IskaN

Id=1Z41
IFIARSIRIGAI-ARSLALTI LI 15920920
BIGA=ALI .1

LiKE=1

Mikr=21

CONTINUE

INTERCHaNGE ROWS

=L

IF(I-K) I5:35:2%5

HIsk-M

00 20 I=taM

RI=KI+4N

HOLR=—AlKI

JIsHI-k4.8

AR =R ALy

il AT Y=HD

I-3/9




INTERCHANGE COLUMNS
I=Mi
IF(I-K14545:38

3
pa|

I8 PN T-1
Y 40 Jd=1sM
=
JI=4P4
HOLR=-A/ 0K}
ALK T=RAT Y
40 AL ST r=HOLR
£ RIVIDE COLUMNS RY MINUS PIVQY
45 IFRIGATAR: 2448
44 R=0,0
RETURN
48 B0 S5 I=1sNM
IF(I-K1S0s S5 50
S0 Th=pE 4
AT =0l T A (-RIGAY
S5 CONTINUE
REDUCE MATRIZ
RO £S5 I=1sH
TH=MIHT
HOLR=g s T
Td=i~-N
RO &5 Jo1et
TU=T
IF(l Sy
&0 IECA-E Y ET 085080
&2 A== T4K
AT HOLDRALL 22 4R 10
&5 CONTINUE
o RIYIDE RQW RY PIV0T
A=k -N

DR 75 J=laM
Hua=t 4N
IFLA-RITLa T 70
70 Al ti=n(ky RIGH
it CONMTINUE
C PRODUCT 0F PINQIG
R=DERIGA

it

£ REFLACE FIVQT BY RECIPROQCAL
AllkI=1, 08184

B CONTINUE

(e FIMAL ROW AMR COLUMN [8TERCHAMGE
H=N

100 f=if-11
IFCRII530150: 108

103 I=Lif)
IF(I-Kri20s120:108

108 Q=NRIN-1 )

I =4/9




100

Py
[
Lo}

JR=NR(I-11
RO 110 Jd=1sH
H= 004
HQLD=AL By
JI=UdR+d

AL ==-AL AT
ALSII=HOLD
J=MiR
IFC-HI 1001004128
gI=f-N

0o 130 I=1si
KI=KI+n
HOLR=A (KT}
STzt
ALKy =~A0d1
ALJII=ROLR
Gge 10 100
RETURN

END

SURRQUTIME MULTRINsK24BARBI 0 RaliZ b s LEAVE s BaBRe T ANSE S
DIMEMSION YXBARCIYSTRIT eRR it e BY AL D010 ISANE AT T
TRETISBRIT I T aANE 1

MM=f+1

RETA WEIGHTE

RO 1040 d=1.¥

Rodr=0.4

oo 110 =1k
Li=hia-13

ne 110 I=isK

t=L14]

By =RISARYIIERA(LY
AR=0. 0

RO=0, 0

LI=IG8AYE (MM

COEFFICIENTE OF DETERMINAYION

RQ 120 I=1.¥

RHM=RMIR(IIAREY LI

REGREERION COEFF ICIEMTSR

L=TBAME(TY

RETV=ROTIRCETRALTI ETRAL Y

INTERTERT

RO=RO+R{ T vRXBARLLY

RO=¥BaR{L1-RD

SU OF SRUARES ATTRIRUTARLE TO REGRESEION
SEAR=RMEDILY

KULTIPLE CORRELATIDM COEFFICIENY
RM=ERRT(ARBLRMT

Gl OF SRUARES QF REY
SERR=R{L11-5EnE

TATIONE FRON BEGRESSION

I-5/9




C YARIANCE OF ESSTIMATE
FN=N-K-1
SY=88DR/FH
e STANDARR DEVIATIONS OF REGRESSION COEFFICIENTS
RO 130 t=1sK
Li=fokid-10+d
L=I8aVEL L)
125 SRIJI=SORT(ARSC(RX(LL /DALY IRBY )

C COMPUTEDR T-WALUES
130 TLAr=R{JISBROL
C STANRARDR ERROR OF ESTIMATE
138 SY=SRRT{ARBLSY )}
G F uatue
Fi=K

SEARM=88AR/FK
CERRM=SEDNRFN
F=BSARM/SSIRN
ANE(1 =80
AMS(21=RN
ANELZr=RY
ANE(41=58aR
AMBLS=F1
ANS(AT=8SARN
AME( 7 =880R
ANS(BI=FN

ANS (P r=BBIENK
AHS(1g=F
RETUR)

Y
SURRQUTINE FLRO
DIMENSION QUTL
FORMAT (1ML s 80X C I 3
FORMAT/IM «F11.4:5Xs101A
FORMATIIH ¥

FORMAT(10H 122888785
FORMATLIOARLY

FORMAT/AIH 216X 101H

"
- *

1 o1
8 FORMAT(IHO T 1LF10 .31

MLL=NL

IFINSI18: 16210

SORT BARE WARIARLE IN ASCENRING QRDER
10 BQ 15 I=1aN

R 14 [t=1:M

IF(ALTY-AlLYY 14:14510
i1 {=I-M

Li=J-N

RO 12 K=1s¥

L=l4N

3

-'I.’,D

-xl‘

=

‘ =
=

=

=

e

<

i
?1.

T
1
5 g

o o]

£ud

S AL (-

e |
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LL=Lesn
F=a(l)
ALLI=ALLY
12 AL 1=F
14 CONTINUE
13 CONTINUE
€ TEST MLL
16 IFINLLY 20218020
18 NiL=50
26 HRITEfSa1 HO
REUIND 13
WRITE(1344)
REYING 12
REARIZsSY BUANKS (ANGIIY: 52145
REWIND 137
T FIND SCALE FOR BASE UARIABLE
FECALSCAINI-RI 11 R 0AT(NLL-11 1
C FIND SCALE FOR CROSS YARIABLE
AEITS
(HIN=A(N1)
YHEK=YRIN
MO =41
DR 4% J=m1sN2
IFLALLI-YHING 28126126
24 IFCROL-TIAXT 30040520
YHIN=AL L)
gare 40
10 YUHRE=AL L)

40 CONTINUE
YeCAL =0UMAY- THINYZ1 STV IS
C FINR BASE YARIARLE PRINT PUBLIION

PR=ERIFRXSCAL

(ALLI-XPRY S08S0: 70

R 55 IX=1s101

QUTCIXI=RL o,

RO &0 d=1a4Y

Li=t+ N

SPSCOALLLI-YMINY /YSCAL Y 41,0

QUT (AP =pNRL L

&0 CONTINUE
WRITE(Ss 2 KPRy (QUT(IZ s IT=1:201 0
L=t 41
GoTd 8¢

0 MRITE(&a T2

I=1+41

ﬁ m I

oea
DA ]

)
)
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IFII-NLL14T:84:84

84 KPR=A(N)
GoTe SO
84 HRITE(&s 7

YRRL1II=YRIN
DR o0 KN=1:%
ki YRRIENFTI=YPROKN I +YSCALELD . O
YER{11I=YMax
WRITELS8YIYPRIIPISIP=1s111)
RETURNY
ENR
SURRQUTINE GRATAINsMsXs XRAR BT I Ds SUMSR
DIMENSION XOLdeXBARCIISSTRII o RO o BUKBRT:
IFiM-11 105:105.90

o0 Li=0
ne 100 I1=2:K
L1=L 14N
RO 100 J=tuN
L=Lidd
fi=L-N
100 KOLISY K TREL b
105 Hd=Ht
OF =)
L=
DO 115 I=1sMM
YRAR(T 1=,
N0 110 J=1sM
L=t41

110 XRARCII=XBAR(II$XIL)
115 XBAR(D)I=XBAR(IN/DF
D0 130 I=1yHM
130 STRMI}=0,
L= (MM41 2 RMMY /2
PO 150 I=1sL
150 ReIi=q,
DO 170 K=1aN
L=0
RO 170 J=1.0M
L2=MhLd- 1048
T2=X(L21-XRAR( 4}
STR(LI=STR(SI4T2
D0 170 =14
L1=NR(I-1 044
T1=X{L1)-XBAR(I}
L=L41
170 DALI=RILI4TIRT2
L=0
RO 175 J=1aMM
DO 175 I=1s4
L=L+1
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ROLI=DROLY-STRLIPRSTRO AT AIF
L=0

RO IRG I=1:MM

L=L+4I

SUMSRII=D(L
STROII=SRRT(ARSIDRIL I}
CALCULATE CORHELATION UOEFFICIENT
L=0

DO 190 t=1:8H

R 190 I=1.4

t={+1
RELy=R{Ly 7 (STRODIRSTIRL S0
CALCULATE STANDARR DEUTATION
DF=SQRT(DF-1 .2

RO 200 I=1.M%
BTR{Tr=5TRIY 3/ 0F

RETURN

END




APPENDIX II
INPUT

TEST
83 YEARS STAGE RATA AT BROACH

oL0e3021

&30
23.50
28 0
22,50

b}
L
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49,
30
91
52y
33,
54,
35
5&.‘
37
a8,
ﬁ?!
&0,
\‘E‘I ¥

2
&3,
&4,
{5‘5'
&6
&7
&8,
6%
70,
i

72
}'3’
?4!‘
75
76
7
78,
7%
8O,
81.

2'
83,
84,
85,
Bé.

i
88b
8%,
0
?1.
2.

23

23,50
24,30
30,30
30,50
14,00
28,50
2%.00
24,54
25,30
33,00
33,00
27,50
31,30
28,50
29.00
35,00

-

Py D ot M A
HIRE -+ B 2w T e I 2

Lar
]

-1
v 79
v 30
29,40
41,50
26,00
2,00
36,30
22,98
28,50
26,50
26,99
29,54
31.4%
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APPENDIX III

TEST OUTPUT

2?3 YEARS STAGE DATA AT RROACH
POLYNOMIAL REGRESSION...:.»

MUMRER OF ORSERYASIONE ?3

FOLYNOMIAL REGRESSION OF DREGREE 2
INTERCEPT 24,4238

REGRESSION CREFFICIENTS
00811
0
ANALYSIS OF VARIENCE FOR
0 SOURCE OF VARIATIONM REGREE QF  SBiM OF
FREEDRCHK SOUARES
QRUE TO REGRESGIONM 1 294,38
REVIAION ARQUT REGRESSION 71 16158.39
TOTAL 22 18485.77

POLYNOMIAL REGRESSION OF REGREE 2
INTERCEFT 22,8397

REGRESSION COEFFICIENTS
0.11068 =0, 0005

]

ANALYSIS OF YARIENCE FOR
REGRECE OF  ©UM OF
FREEDOH SRUARES

ORUE TQ REGRESSION 7 241,09

REYIAION ARQUT REGRESSION | %0 1604.48
TRTAL 92 1843.77

& SQURCE OF VARIATION

POLYNOMIAL REGRESSIOM.vvves

FOLYNOMIAL REGRESSION OF DEGREE 2
G

TABRLE OF REBIRUALY

QRSERVATION NO.» ¥ oyatue Y UaLUE
1 1.00000 2850000
2 2, 00000 23.,0000C

III-1/4

IREGREE OF PULYNUMLIAL
HEAN F IMPROVERERT INIERNME
SAUARE  YALUE OF SUK OF SRUARES
250,38 1a.10 294,38

17,73

2REGREE UF PuULTNOMIAL
MEAN F IMFROVEMENT INTERMNY
BRUARE  vaALUE OF SuM OF SUUAREY
130,88 7.32 10,71
17.83

¥ ESTIMATE REBIRUAL

23.94783
24.05888

20001
-3, 05888
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19
40
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42
431
44
45
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S
48
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S0
st

32

15.00000
16+ Q0000
1700000
1800000
19.00000

0 QOO0
100000
00000
27, 00000
24, QO
25, ALVl
28, Q0000
2700000
2800000

2
~
oL

[
o 2o )
r T -
£ 0 <3
Lo
L
Lol T
R o B o

G Oo G Dol ory 0
L2 I 5

4 0~ LA I
et e e
LD
=
<3
<3

Ly
n -
4

42, 00005
43,00000
44, 00000
45, 00000
£, 00000
4700000
48, 00000
49, 00000
S0, 00000
S1.,00000
52,0000%

)

T LA} 24 . 16687 = SEaR S

.L'EbE W
2300000 24,27381 Uei2dlw
22, 30000 24, A7vey R
27 SO00% 24,48451 32,0154,
24, 50000 4. Tusal = sE AT
20, 00000 24, 651400 S 300y ¢
21, S0000 24,792271 drt L
20 Q000K 24,8933%3 R AL
2700000 24 ,9928¢ 200711
R ARSI A ] 23.0%141 B it
18.28000 28.,18887 -4+ F388/
28, 00000 2R.28827 2:373147%
26,0000 25,3804 1+11737
20 . 80000 S,.47493 ~4,274%2
2350000 29,8481/ R
21 5000 D EEGAT ~4 1460%7
B0 0000 25.78151 4,9484%
32 JL000 23.R418% 6yé5841
LR O0000 P KOGTNS —4 e W AT
24, 30000 2601841
17 00l 2&,10332
285, 80000 24.+.1%14
20, 30000 24, 27423
28, Q0G0 2L T3NS
2. 00000 24,4427
2150000 2452437 :
28, SOLa0 28, 50498 =~2,10498
27 30000 A& EB452 0.R1G47
27 00000 S, F&30Z Qe 24897
19, 50000 24,8304% ~7.34048
32. 30000 26,7188 Y Deobala
22 BOO00 28,9922 -4, 45201
e St iy 27 S50 et 4
24.5003% 2aviaR m2edd¥sa
S0, QOOnG BreZI LR Ly 2BR0P
2700000 27,28304 =0 2R304
22, 00000 2735334 —Se40411
Ehpﬁﬁumm 27.42213% 2oty
AT 27447016 R & 2H
;.,uﬁﬁﬂ' 27,5872 LS WA
:E-"; RG00 2782288 ~Z+ H2288
0 SO 27 £R748 2,.81232
;?pgﬁoﬁr 27.78144 1+748348
29, Q0000 27,8141 1,18384
24, 00000 27,8757 f.12422
29, 50000 27593628 1. 84340
23, S000k 272552 =4, 4RE92
26 30000 28.0%5441 -1.88431
20, 34000 28.11184 Z+ABB14
30 00050 28.16822 2.22178
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2827782
28,33104
28.28321
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29.,03932
29, 07462
29 108V
29,14211
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29, 26440
2%, 26234
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2%, 34507
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28111

AT A

~3. 30032
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= 4800d
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