1§ 0. B

5 < ¢ = ) s!d
NI ATIRENALTE naumq@gmummmmua

[}
aanqsvadumads s 2 i ng

g

AT Ntg

o

i

uan  ido

Wﬂﬂ&gﬂﬁlﬁﬂ

-

-9 ar o« — F=9
SIMIIMUISR R SwAITWU 2T IE

LAY IMENALE TN TN LTe Uszdudlar
A t4 .
\Wa tﬂumuuuwmm?%nmmmangm
5

15 g s Angumniigin

11 TMPu 2519



¢ «

- A
ﬂﬂ?%Lﬁ?ﬁiﬁﬁﬂﬁﬁi:ﬂﬂﬂﬂﬁﬂ??ﬂﬂh%ﬂﬂﬁﬂﬁﬁﬁ

]
manNTVAtuwadd LT s (e vy

1
Imanta
il

>
UYWAY

]
o =
{HUDNIIMINENAUATUNTUNT T LT 1T zdutng
PR .
LWﬂtﬂuﬁauuuQﬁﬂqnqfﬁﬂmqmﬂuuangmf
1T annnns Amsnsmatien

11 PN 2519



o) ¢ ¢ 3 < ﬁlﬂ
NNTLNTIZUDIALT :nﬂmm'g@uﬂmwmwuua

BN TVALUIMAYY LULT = Lnsf vt

v Ky A e o A
ﬂﬁiﬁﬂmﬂﬂiouﬁ?ﬂyquuqumw:ﬁnuﬂﬁqﬁuﬁuwuﬁi:uaqaiﬂnﬁﬂﬂﬁf1nﬂ
[ 5 A nfun‘ lv v o
thiman il ggiun v ﬂaﬁuﬁuwuﬁi:waﬁqﬂﬁuHTWﬁc@@ﬁuu3muqﬂ1unuLﬂq
o A a =
LA TR IUINELNYT OADDE L NSNS VAU L anani T L Antumad
l V(Uv
LAMTHNYIHLAY  1aNEARIT L ARtunaNLn AL fLTHL A9
e o'y X ‘
g@ﬁﬂﬁ?mﬁﬁ Tuanunzdane Likifo
- . oo @
1. LﬁuﬂgﬂqﬂﬂionunOﬁuﬂuﬁuwwﬁ
|
2. 1iufnones i une uaduen
3. hufmaontuiomnd
w 1 4
v( lv R vv £l g u' g
ﬂﬁﬂuéhwuﬁi:mqqqmuuﬂiMﬁqg@uuuqmnﬁﬂqﬁnuLﬂq SAnLE Are il
i) vv( a o o vavr
1. @mMQMUﬂqﬁuﬂuwuﬁLﬂuﬁgnqaunuunuaaqnﬁuauwmﬁ
) wv( a] o g B',
2. gmmguﬁﬂqﬂuﬂuwuﬁtﬂuﬂqnﬂﬂunuunnﬂ?uﬁmtnmﬁuﬂﬁ
X o o % o ¥ [V 45..
3, ﬂﬁﬂuﬁuﬂuwwﬁﬁﬁaﬁuﬁﬂwuﬁtﬂuﬁﬁﬂﬁﬂﬂrqnuﬂ?uqmtuwﬁumq
.:',4 Lv, 4
ﬁunﬁinﬁmaumﬁmgﬂ Aavwaulemans L fatumand fe
Pr = 1,1257-0.0373 T+0.3124 C
A, a I d
Liasuanlenadnng L indusar stz ind vy Ipalsdunironney

. 1o - A X A
NG ﬂiqngdqﬁqianqﬁan1nﬂduwa1quﬂiLﬂauuiﬂﬂquwumua:qgnqa



AN AWALYSIS OF THE EFFECT OF METEOROLOGICAL FACTORS

ON ARTIFICIAL RAIN MAKING IN THAILAND

ABSTRACT
BY

NOM NOAMNISAZ

e

Presented ain partial fulfilment of the requirments
for the Master of Education Degree
ﬁﬁﬁhﬁgharlgvzrot University ;tﬁraaanmzi)

March ‘11, 1976



AN ANALYSIS CF THE EFFECT OF METEQROLOGICAL FACTORS

ON ARTIFICIAL RAIN MAKING IN THAILAND

The main purpose of this study was to find out
the relationship between probability of successful rains
attempted and meteorological factors, the relationship among
the meteorological factors and the calculation of the regression
equations predicting a probability of a successful artificial
rain attempt.

The findaing indicated that the relationship between
probvabrlity of successful artificial rains making and meteoro-
logacal factors were.-

l. positive relation with relative humiditres.

2. positive relation with low cloud types.

3. negative relation with tempsratures.

The relationships among meteorclogical factors were.,—

1, Temperatures were related negatively waith relative

humidities, ;

2. Temperatures were related negatively with low

cloud types.

3, Relative humidities were related segatively with

low cloud types.

The best regression equation predicting the probability

of successful artificial rain making was



[}

Pr 1.1257T = 0.0373 T + 0.3124 €
The application of above egquation to show the
probability of successful artificial raain 1.4 Thailand reveal

the variations of the probability according to areas and scasons,
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1

2

. 5 A
MINUIBINEUMTINDBY __IINNITULITBUY 1om nu_’a‘n_;la_gﬁ Vi) nea

dypothesis of regression equation 1s P

r =oC+ BT + AC

G Y =a+ bX o+ cX,
Real { ' ! ' ! \ o
Var1ab1d Pr J T ¢ ! |
variable Y | X 21 %2 | .x2 | w YK, | X.X
© P 2 1 %2 1 2 ' M2
Case | { | !
1| 1.00; 22.97| 2.25| 1.00,527.62| 5.06 | 22.97 | 2.25 | 51.68
H '
2 0.51 4 24.41¢ 2,36 | ©.831595.85' 5.57 122,21 2.15 | 57.61
3 0,821 25.371 1.91 } ©.67(643.64| 3.65{20.80|1.57 | 48.46
4 0.69 | 26.,35] 1.94 ? 0.481694.320 3.76 | 18.18{1.34 | 51,12
5 | 0.75] 27.38¢ 1 93! 0.56|749.66! 3.72 {20.54 [1.45 | 52.84
. , .
.; ' - _ i S
p [ 4.17{126.48110.39 | 13.54(3211.09 21.76004.7 | 8.76 |261.71
I U e e i [
|
0. . .
= i 834 | 25 2?}_?_??-
2 on 2 N2 2
2y = 2(Y-Y) = EY-(3TY) = 3.54-(4.17) = 0.,062222
N 5
2 - 2 L e
Zxp = B X)) - X -(X%,)° - 3211,09-(126.48)% = 11.652
N 5
$xl = T (X,=X )2 = IX.-(EX 2 = 21.76~(10 39)2 = 0,16958
2 2 "2 - 4 2»—1@—22 T T = U
yx, - E(_Y—?)(Xl-kl)-_ - i‘fxl- Y EX, = 104.7-(4.17x126.48) ==0.78432

N

>



2

= Z(Y—Y)(Xe—xz) = zyxz-ﬂ%_z_)_(% = 8.76—(_4_._1'_(:%_{9.3_9__) = 0,09474
= (X X)) (X=X,) = ‘lexz-_gglngQ = 261.71—(;g§:g§§;9,§9)=—1.11544
r:»_xs TX X, | i 11,652 ~1.11544
Matrix XX = | 0 -
Fxx,  Ex, | -1.11544 0.16958
OOEyxX) | -0.78432 "'
XY = I _
zyx, b 0.09474 J
i L -
|
Determinant of X X = IXTX I = 'Exf ?‘,xg— (‘lex2 2
= 11.652x0.16958~(=1,1154)°
= 1.975946-1.244117 = 0.731776
5 -
s Fx - T X, XN\
. N 2 1%2 \
nverse of X' X = (X'X) = _1 w 2
LxTx INFR% “%/
A\
.16958 -(-1.11544)\
= 1 f
0.731776 \=(-1.11544) 11,652 /
0.2317375 1.5242914\) -
) <1.5242914 15.922904 /
A % T,\~1,,T
Coefficient vector estimate = ! 5 l =\(X X) T (X7Y)

- i

]
1.5243 15.9222/ L_ 0.0947
/=0.181T + 0.1444 ; -0.0373%,

. ( 0.2317 1.5243‘) r'—0°7843 "]

- - - - _— 1 P —
R :

( -1.1955 + 1.5079 / \\ 0.3124



Constant {or intercepi) estimate A

’ ~t

a = Y = le - ch

0.834-(-0.0373x25.29)~(0.3124%2,08)

]

0.834+0.9433-0.6498

It

1.1275
" The regression eguation estimated 18

Y

1.1275-0.037 3X1+O . 3124}(2

Or Pr 1.1275~0.0373T+0.3124C

]

Test of the regression equation (Analysis of variance table)

Explain sum of square {Variation Y due to Xl,XZ)/é?TXTY
T-0.7843

[-0.0373  0,31247

0.09474 _

0.02%2543 + 0,0295967

0.05835%

Residual of Y (Variation of Y due to 1ts own data fluctuation)

eTe = Z yzmﬁTXTY

I

0 06222 - 0.05885 = 0.00337
Total residual (variation of ¥ from all source)

- 3% - 0.06222
Meansquare of explained variable (X1X2)

AT, T
- - - - = _BIX'Y = 0.05885 _ = 0,029425
72 2



Meansquare of residual {due by Yt's data)

T

= e e = 0.00337 = 0.001685
n-2-1 5-2-1,

explained variable

Meansquare of residual

2, n-2-1 = Meansquare of
; _ J@'P T ole e
n-2-1
Summary
Calculation F2, n~-2«1
Critical value of szrom table

This estimated regression equation 1s

= 0.02 242 é - 17946
0.001685

t

17.46

19.00 (Level of sig .05)

]

not significance



5

Hypothesis of regression equation 18 Pr =« + SRH + €T

= Y =a + bX, + ¢X

1 2
[ Real - o T - ]
'Yariable T RH T , | ’ | l
2 2 2
Y X, X, Y X; X5 YX, YX, | XX,
Case |
1 1.00 92.25' 22.97 1.00| 8510.62] 527.62 92.25| 22.972118.98
2 0.91 | 93.00 24.41 0.83f 8649.00| 595 85, 84.63| 22.21{2270.1}
5 o.82 | 89.81 25.37 0.67] 8076.62 643.641 73.69 | 20.80|2280.0¢
i
) {
4 0.69 | 36 00 26.35 0.48} 7356.00] 694.32! 59.34 | 18.18{2266.1G
| i
5 0.75 | 80.00, 27.38 0,56L6400°oo 749,66§ 60.0G | 20.54}2150.44
-3 4.17 1441.12,126.48 3.54 39031.6813211.09I369,91 104.7 11125.61
i
%— 0.834 1 88.22 25.2
v - £@x-1)? - TY’-(1y)? = 3,54~(4.27)° = 0.0622
N 5
xf - z(xl.fc"l)2 - zxf-(ixl)z - 39031.68-(441,12)° = 114.31
N ;5
x5 = Z(x3E,)° = TX5-(2X,)° = 3211.09-(126.48)° = 11.652
N 5
y%, = E(Y-*f)(xl-’)il) = TYX, - EY T X, = 369.91-(4.17x441.12) = 2,01592




6

Iyx, = E(Y-a?)(xz—iz) - TYX,- ZY EX, = 104.7-(4.17x126.48) = -0.78432
N
Exx, = Z(xl-il)(xz-iz) == TXX -_z_%]c_l_'z_xg = 11125.61-(441.12:;126,4§)=—32.961
-
2x] Tay X, - 114.31 ~32.961
T =
Matrix IXx =[ 2 | = :l
_ = X, %, i‘.xz_; L -32,961 11.652
Xy 2.01592
[
Zyxg-J -0.78432 -
Determinant of X°X = lXTX = Efoxg - (1x1x2)2

Inverse of X°X = (XTK)”1

(114.31x11.652)=(~32.961)°

1331.5401-1086.4275 = 245.5126
_.2
?.XE - lex2
A 2
IxTx '\ -Zx %, )
11.652 -(~32.961)
=_ 1 ..
245.5126 -{-32.961) 114.31
0.0474597  0.1342532\
0.1342534 0,465596)



% !
Coefficient vector est1mate@}? = ! f = (XTXTI(XTY)
L~ S
0.0474597 0.1342524 2.01592 =

= X
0.1342534  0.465596 -0, 78432 —J

0.0956749+(-0.1052976) -0.009622

0.2706442+(~0.,3651762) 0.094512

Constant (or intercept) estimate %3

a = f-%il-ai2
= 0.834~(-0.009622x83.22)~(~-0.0945121x25.29)
= 1.6828528+2.350211

-=  4.0730638

. The regression equation estimated 1is

Y = 4.0730638-0.005622X, -0,0945121X,,
or Pr =  4.0730638-0.009622RH-0.09451 21T
Pr = 4.073-0.0945T~-0.0096RH

Test of regression equation (Analysis of variance table)

A
Explained sum of square (Variation Y due to Xl,Xz) < TXTY

It

. 2.01592 =
[-0.009622 -0.0945] _J
B L -0,.78432

0.05472

I
]
i
]
3
]
il
t
S
'o
=
3
i~
D
—]
+
o
o
-]
S
—t
)
"o
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Residual of Y (Variation of Y due to 1ts own data fluctuation)

‘Zyz— /é\TXTY

0.0622-0.05472 = 0,00748

T
e e

Total Tesidual (Variation of Y from all source)

= Ty? = 0.0622

Meansquare of explained varible (XI,X2)

= /‘?,.F_P_X?I = 0.05472 =0.02736
2 2

Meansquare of residual (due by Y's data)

ele = 0.00748 = 0.00374

n—2-1 5-2-1

1l

F2, n-2-1 = Meansquare of explained variable
Meansquare of residual
ST T T
~AXy [ ee = 0.02736 = 7.315508
2 n-2-1 0.00374
Summary
Calculation F,, n-2-1 = 7.315508

Critical values of E, from table 19,0000 (Level of sig .03)

This estimated regression equation 1s not significance
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2 =2

==

5

Hypothesis of regression equation 18 Pr =& + &RH + AC
& Y = a + bxl + cX2
! o { ;
Real Pr RE | ¢ i
NYariable | ; i
Variable Y X ! X Y° x2 x2 YX YX X X
1 r 1 2 S I 2 "1%2
Cése :
1 1.00 92.25! 2.25 | 1,00 | 8510.06! 5.06 $2.25 2¢25§207.56
2 0.91 {63,000 2 36 | 0.83! 8649.00] 5.57 84.63) 2.15/219.48
t ! :
I
3 0.82]89.87 1 91 | 0.67! 8076.62| 3.65 73.69] 1.571171.65
4 0.69 186,001 1 94 | 0.481 7396.00| 3.76 56.34] 1.34(166.84 i
5 i 0.75180.00° 1 93 | 0,56 6400,00] 13.72 60.00) 1.45]154.40 i
} SRR S SO S R
i
I 3 J' 4.17 #41,12/10.39 ' 3.54 |39031.,68! 21.76 | 369.91] 8 764919.935
SSRNORM D S AL by . il el
2 10.834 {83.22] 2.08
R
_ 2 2 2 2
= 3(Y-Y) = IY-{ £Y) = 3.54~(4.17) = 0.,06222
N 5
=  Z(X,-X )2 = }:xz-( =X )2 = 39031.68-(441 12)2 = 114,31
1771 N 17 - : 5 = .
= I(x,X,)2 = X2z %)% = 21.76-(10.39)2 - 0.16958
2 72 - 27\ Toene 5 ‘
= i(Y-i)(xl-il) = EYX - EYIX, = 365.91-(4.17x441.12) = 2.01592
N >
- Z(Y—?)(XQ-EQ) - TYX -LY EX, = 8,76-(4.17x10.39) . = 0.09474
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X%, = L(X X)) (X,=X,) = Exlxz'ﬂﬂ,—y—‘z = 919.93-(441,123 12:;.1..0.139) = 3.28264

2

) - 114.31 3.28264
Matrix KTX = > J - ]
Lo IX X, Tz, .. 3.2B264 0.16958
Iyx, - 2.01592
T l
o [T
Iyx, _ i 0.09%474 _J ¢
T, | T ’ ~2..2
Determinant of X'X = iX'X = Tx) sz-( lexz)

= 114.31x0.16958—(3.28264)2
= 19.3847-10.775% = 8.6092

.2
7 P =1 =2 " ER%
Inverse of X'X = {X'X) = __J_ 2
' T l -Ex1x2 'Exl
0.16558 -3,28264
= 1
8.6092 -3.28264 114,31
0.0196975 -0.38129
-0.38129 13,.27765
R -1, T,
Coefficient vector estlmate/g = . = (X X))~

<io 019698  -0.38129 r- 2.01592 -

0.38129_ _ 13.27765 0v0_947% ~
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0.0397095+(-0.0361234) 0.0035861

0.76865+1.257925 0.489215

Constant (or intercept) estimate 3
a =-?—bil-cie
= .834-(0.00359x8%,22)-(0.4893x2.08)
= ,834-0.3167-1.0177
= -0,5004
.. The regression equation estimated 1s

Y = -0.5004+0.00359X, +0.4853X,,

or Pr = =0.5004+0.00359RH+0.4893C

Test of regression equation (Analysis of variance table)
AL
Explained sum of sguarc (Variation Y due to Xl,xz)/Q‘TXTY

2.01592

1

(0.00359 0.4893'}[—
- = 1 0.09474

0.007237+0.046356

]

0.053593

Residual of Y (Variation of Y due to 1ts own data fluctuation)

2 T.T
Ty -8 XY

0 0622-0.053593 = 0.,00861

T
e’ e

Total residual (Variation of Y from all source)

- sy® = 0.0622



Meansquare of explained varible (Xl,X2)
Ay

=B =0.053593 = 0.0267965
2 2
Meansquare of residual (due by Y's data)
- ele = 0,00861 = 0.004305
n-2-1 5-2-1
F2, n-~2-1 = Meansqguare of explained varible
; Meansquare of residual
- BTy / ele - 0,0267.65 = 6.224
2 K n-2-1 0.004305
Summary.
Calculation Fy, n-2-1 = 6,224
Critical value of szrom table = 19.000 (Level of si1g .05)

This estimated regression 18 not significance
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1 | 74 ra
» Y rl ‘4} w8t
AT OMINRITHNITONN0Y  IINNITULN Uaﬂiﬂ lﬂUﬂUﬂ’J AHSUTNHNG L fh.!
Ly
LNild

Hypothesis of regression equation 18 Pr =« +@T + AC

& Y =a+ bT + ¢
Real 1 - | | . " 77, 77y T T -
I Pr T c ' % ;
lVa.rla.ble.__r,. woe b e i i e e e et e b m— e ,._.‘ -
. 2 2 2
Efarlable | 1 L Y X{ o1 X3 Xy X, [ XX,
ST S Bt e
Case | ',
+ |
l 1
1 i 0.71] 26.70 0.86 | 0.50, 712.89! o0.74 1 18.y6} 0.61 | 22.96
2 0.78 26n25] 1.27 | 0.61| 689.59 1.61 ] 20.48% 0.951 33.35
0.78{ 25.67 2.06 | 0 61} 658.55| 4.24 | 20.02] 1.61 | 52.88
4 0.86) 24.86 2 29 | 0.74| 618,02 5.24 1 21.38( 1.97 ] %6.93
|
5 0.92| 24.1§ 2 85 | 0 85| 584.67 8.12 | 22.25] 2.62 ! 68.91
! ! i
—— ._!____,_.,__‘_ - J-Lw_ oo
b3 4.051127.67 ¢.33 { 3.31 3264.12J 13.95 1103.09} 7.80 §235.03
b 0.81(25,534 Tései T -
N i
Zy2 = E(Y-?)2 = EYZ-—( '.*:1()2 = 3.31-(4.05)2 = 0.0295
N 5
gxf - z(xl_il)Q = zxf-( _';_g_gl)?- =3264.12-—(127.67)2 = 4.1944
N 5
Txp = E(XpR,)° - IXS-(¥2)2 - 19.95-(97.;;)2 - 2.5402
yx, = I(Y—?)(xliitl_) = ‘z‘.‘nl-z_g__i__xl =_103.05-—(—4;.,05x127.67) =-0.3227

N 5



Tyx, = T(Y-¥)(X,X,)

txlxas E(X, =X, ) (X,X,) = X X, T BX, . = 235.03—(121.6;x9.33) ==3.2022
N
zxf X)X, 4.1944 -3.2022
Matrix XTX = 2 =
lexz Y:xz ~3.,2022 2.5402
:yxl . =0,3227
T
X Y = } -
YX 0.2427
2
T T 2 _.2 2
Determinant of XX = }X Xi = EX] EX; - (iixlxz)
= 4.1944x2.5402-(~3.2022)°
= 10,6546-10.2541 = 0.4005
| xg -2 XX,
T Toy=1
Inverse of XX = (X'X) = o
. $ )I{.TX t -7 XX, b Xy
2.5402 -(-3.2022)
= 1
0.4005 (~3.2022} 4.1944
£ 6.3426 7.9956
ot
7.9956 10,4730

i
M
o
B
™
]
ZF{;
b
[N
}]

14

= 0.2427
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Coefficient vector estlmatedIZ? L i = (X X) ~1xTy
6.3426 ~ ° 7 7.9956 I' -0.3227 -
|
-
7.9956 10.4730 — C.2427 -

-2.0468 + 1. 9405\\ -0.1063
T \c2.5802  + 25418 .0384
Constant (or intercept) estimate &
A : ol ~nz
a = ¥ - % - cX,
= 0.81-(-0.1063x25.534)~(-0.038x1.866)
= 0.81+2.7143+0.0717

= 3.59

The regression equation estimated 1s

Y 3.596-0.1063X, -0.0384X,,

Or Pr

it

3.596-0.106 3T-0.0384¢C

Test of regression (Analysis of variance table)

Explained sum of square (Variation of Y due to XI'XZ) ‘/3 T T
‘-'- —003227 -
=1 =0.1063 -0.0384") !
- - L 0.2427

[H

0.034303-0.0093196

0.0249834

Residual of Y (Varlatlon of Y due to 1ts own data fluctuation)
T Am T i S T T T T T

ele -—E /B
= 0.0295~0.02498 = 0.00452
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Total residual (variation of Y from all source)

- Ty = 0.0295
Meansquare of explained variable (xl,xz)
o
=A% - 0.024983 - 0.01249
2
Meansquare of residual {(due by Y's data)
= eTe_ = 0.00452 = 0.00226
n-2-1 H=-2-1
{
F2, n-2-1 = Mcansquare of explarned wvariable
Meansquare of residual
/
N /
ALYy 7 &% - 0,01249 = 5.5265486
2 [ a2l 5.00226
Summary
Calculation F2, n=2-1 a 5,527
Critical values of E, from table = 19,000 {(Level of sig .0%)

This estimate regression equation 1s not significance



Hypothesis of regression ¢guation is Pr

=L +B8RH + BT

17

> Y = a + le + cK2
| R b : | B i | B
; Real Pr | RE | P | i ; i !
lﬁblﬁ 4 —1}— e o ——
| ! 2 2 2
el T R ite XL B LT LT0 | Yol B
; 1 1 T
+ Case |
! ! 5 I
{ 1 | 0.71 176,29 26.70] 0.50 | 5820.16 712.89{ 54.17 | 18.96] 2036.94
‘ ' l ; !
2 l 0.78 | 82.89 26,26 | 0.61 | 6870.75|689.59, 64.65 | 20.48 2176,65‘
f ! | ' i
o3 i 0.78 ‘ 87.83§ 25.67! 0,61 | 7714.11{ 658.95] 68,51 i 20.02| 2254 .6d
| { '
4 ! 0.86,91.8624.961 0.74 | 8438.26| 613.02| 79.00 | 21.38| 2283.64
. : ‘ |
5 | 0.92 ;96.15 2,.18{ 0 35 | 9244.82 584.,67i 88.48 | 22.25| 2324.9]
t ! i
e e T T Sl Sl e e
i 3 1 ' ! 4
. 1 4.05%35.02127.67, 3.31 |38088.00(3264,12;354.79 103.0941076. 7§
p s
] N 0.81 P7'OO425°5341
¥ = 3 (r-v)? = '?“_Yz-(_f})z = 3.31-(4_.9“5)2 = 0,0295
N 5
e T(xX))2 - Ix{-(2x,)° - 38088,00-(435.02)° = 239,52
N >
xS = Ux,X,)? = X5-(£x,)° - 3264.12-(127.67)° = 4.1944
¥ gt
yx, = Z(Y-Y) (Xl"il) - = T¥X)-EY IX; - = 354.79~(4.05%x435.02) = 274238
T S22




2 (Y-Y) (xz-)'cz)

z(xl-:'il) (xe-iz)

Matrix XTX

Determinant of XTX

Inverse of KTX

It

18

- TIX,mZYEIX, = 103.09-(4.05%127.67)
N 5
= LX X,-ZXTX, = 11076.78-(435.02x127.67)===31.02
N 5
2

!—le lex‘?j — 239.52 -31.02 —l
l.. Tx; %, ‘ng ' =31.02 4.1944 -
;**};yxl ‘-i [ 2.4238 -_i
| ‘ = |
LOLyx, J i -0.3227 !

t ,

y T 2.2 2
= IXX.= ixlzxz—(lexz)

(xTx)~%

- 239.52xd.1944-(~31.02)°

= 1004 .6426-962.2404 = 42.4022

< .2
sz -Zx1x2
= 1 2
ix™x |\ ~T"% N
4.1944 ~(-31.02)
42,2022 ~(~31.02) 239.52

0.09859 0.7321

0.7321 5.6527

= =0, 3227



Coefficient vector estimate JZ§‘= i . i = (XTX) 1yTy
.8 _
0.09899 0.7321 [- 2,4328 ~1
i 0,7321 5.6527 L 0.3227
,0.2408 + {(=0.2363) 0,0045
) 1.7811 + (~1.8244) 0.043

Constant (Or intercept) estimate

— 2y

o~ A
A Y - bxl - ch

= 0.81-(0.0045x87.00)-(-0,043%25.53)
= 0,81-0.3915+1.C9779
= 1.51629

The regression equation estimated is

Y 1.51629+0.0045X, =0.043X,,

Or Pr 1.51629+0.0045RE-0.043T

1l

Test of regression equation (Analysis of variance table)

T T
Explained sum of square (Variation of Y due to X; X )/2? XY

]— 2.4238 -
= 10,0045 -oﬂo43:j

S

- -,3227
=‘0.0109+0°0139

= 0.0248 }

Residual of Y (Variation of Y due to 1ts own data fluctuation)

—- T 2. A%y

= 0.0295-0,02.8 = .0047
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Total residual (variation of Y from all source)
= Ty° - 0.0295

Meansquare of explained variable (Xl’x2)

Py
-8y 20,0248 = 0.0124
2
Meansquare of residual (due by Y's data)
= EEQ = 0,0047 = 0,00235
n-2-1 5=2+1
FE' n-2-1 = Meansquare of explained variable

Meansquare of residual

/
BNy 1 T = 0.0124 = 5.2765957

2 ; me2-1 0.00235
Summary
Calculation F,y n-2-1 = 5.277
Critical values of F from table = 15,000(Level of sig .05)

This estimate regression equation i1s not significance.
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Hypothesis of regression equation i1s Pr =o +8RH + AC
o Y = a + le + cX2
Real 1 . |+ __ | i 1 ! o
| Pr | RE c | | { |
‘La.rlﬂ.b]_&r__....__ : . . - -~ -]
Variable! Y X X 2 | % x2 YX, | YK, | KX,
5 1 2 1 2 A
| - r B
Case | , |
1 I 0.71{ 76.29 0.86] 0.50 | 5820.16! 0.74 54.17. 0.61 + 65,61 |
| |
2 0.78! 82.89 1.27] 0.61 | 6870.75 1.61 | 64.65! 0.5y | 105.27
| | ‘
3 0.78] 87.83 2.06} 0.61 | 7714.11! 4.24 68.51  1.61 {180.93
4 0.86] 91.86 2.29] 0.74 | 84238.26] s5.24 | 79.00! 1.97 }210.36 i
I
5 0.92] 96.19 2.85! 0,85 | 9244 .82 8.12 88.46 | 2.62  274.03
S — L . S S SV U UUS T _t‘ —— e !
z : i i i i -T t %'
: 4.050435.09 9.33; 3.31 | 38088.00°19.95  354.79! 7.80 ; 836.20
: )
3 2 )
N 0.81}87,004 1,866 |
y° = T(1-1)° = EYz-{;gg)e = 3.31—(4195)2 =0.0295
) N 5
- £(x, X, )? - - (2x))° - 38088.00-(435.02)°  =239.52
e N ‘
xg = Z(xz—iz)2 = 2x§-(_glx;2 = 19.95-(9.33)2 =2.5402
N 5
yx, = t(y_i)(xléil) = TYX-3Y EX, = 354.79-(4.05%435.02) =2.4238

N
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ZTyx, = Z(¥-1)(X,~X,) = TYX,-ZYIX, = 7.80=(4.05%9,33) = 0.2427
N 5
T %= (X K)) (X,-X,) = Exlxz—_‘i_%gl_g_xz = 836.20-(435‘021519-33) = 24.4527
-5 % 5 %%, - 239.52 2444527
7 l
Matrix =X X =] » - l i}
LE X x, Ex2J _ 24.4527 2.5402
. LY —' - 2.4238 —
X'y - - ’
' |
L nye‘l L 0.2427 _!
Determinant of XX = ‘XTX! = Exiixg—(zx1x2)2
= 239.52x2.5402-(24.4527)2
= 608.4287-597.9345 = 10.4942
2
T T, 1 % R
Inverse of X X = (X°X) = 1 .
PTG R R S
2.5402 -(24.4527)
=1 _
10.4942 \~(24.45%27) 239.52
0.24206 -2.3301
) -2.3301 22.8239
- -
Coefficient vector estlmated/é\ = E J = (XTX)-&XTY
)
0.2421 -2.3301 [ 2.4238 -

-2,3301 22,8239 L. 0.2427 =
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0,5868+(~0.5655) (:;0.0213
5.6477+5.5407 0.107

Constant (or intercep) estimate 3

¥ - BX, - oX
I B

0.81-(0.0213%x87)~(-0.107)x1.87

~
a

L]

0,81~1.8531+0,2

]

i

-~0.8431

. « The regression equation estimated i1s

Y —0.8431+O,O213X1-—O.107X2

Or Pr =0.8431+0,021 3RH-0,107C

]

Test of regression equation (Analysis of variance table)

Explain sum of sguare (Variation Y due to Xl .X2) ETXTY

]

2.4238 »I
[ 0.0213  -0.107]] [ |
~ 0.2427

]

0.0516269 —0.,0259689
0.025658

Residual of Y (Varintion of ¥ due to 1ts own data fluctuation)

T
e e

i

z yz—,é\TXTY

0.0295 =0.025658 = 0.,003842
Total residual (Variation of Y from all source

= Ty% - 0.0295
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Meansquare of explained data (Xl'XZ)
27T

=4 X'y = 0,025658 =0.01282%
2 2
Meansquare of residual (due by Y's data) )
= ele = 0.703842 = 0.001921
n=2<1 TBI5IT
F2, n-2-1 = Meansquare of explain variable
Meansquare of residual
~,
=& Ity /// ele = 0.012829 = 6.678292
2 n=2-1 0.0L1921
Summary
Calculation F2, n-2-1 = 6,678
Critical value of F,from table = 19.000 (Level of sig .05)

This estimated regression equation i1s not significance

o }=3 A lf.d
ﬂuﬂﬂlﬂ@ ATTANNELUNITIADBUMY 6 ﬁUﬂﬁTWUﬂuuﬂuuﬁgﬁﬂﬁiuﬂ?ﬁﬂ
W vqe‘i‘fﬂl "'1
WUQ%% Economic Methods DMULUWUWATIN 2 UANLIAN J-Johnston,

McGraw-H111 Book Company N.,Y., 1960, pp 121-147.
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