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ESTIMATION OF PALAY PRODUCTION
WITH THE 1960 AGRICULTURAL CENSUS

AS THE SAMPLING FRAME·

By

BURTON T. ONATE**

Sample surveys must be designed to provide current sta­
tistics about the country's agricultural development. One of
t he most important uses of agricultural census results is to
serve as a framework for current agricultural statistics (l). In
general, data from the agricultural censuses are obtained by
enumeration or by the use of a high sampling fraction ofthe
farm households. Thus, the results of the agricultural census
can be used as the framework of the agricultural sample
surveys.

This paper will illustrate some of the approaches to this
problem of designing sample surveys with the agricultural
agricultural census as the sampling frame. The results of the
Philippine Agricultural Census of 1960 will be used in the
estimation of palay production in the five selected provinces
of Abra, Bulacan, Parnpanga, Tarlac, and Zambales.

L Palay Production

The Philippine 1960 Agricultural Census (2) contains data
on palay production in cavans of 44 kilograms by municipality.
The production data are given under five categories or strata.
namely: (a) First crop, irrigated; (b) first crop, not irrigated;
(c) second crop, irrigated; (d) second crop, not irrigated; and
(e) kaingin and upland. In addition to palay production, the
total number of farms reporting and total hcctarage under palay
also are tabulated by each type of strata. We will show how
these two concomitant variables can be used 10 estimate palay
production by province.

. "Paper. presented in the -Annual Co~fcrence of the Philippine
Statistical Association held in Manila on July :l, 19G4.

';":'Statistician, the International Rice Research Institute, Los Banos,
Laguna, P.hilippines. .
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• ESTIMATION OF PALAY PRODUCTION WITH THE 1960
AGRICULTURAL CENSUS AS THE SAMPLING FRAME

1J. Comparison of Efficiency of Estimators

Five different estimators of palay production will be used
and their efficiencies will be compared (3,4,5). These esti­
mators of total palay production of the province are as follows:

Simple random (X-only) Tx = Nx;
Stratified (optimum) ";L (oa) = Nx( oa) ;

Ratio of means = TQ = qZ or = qY;
L

Separate ratio (st ) TQ(st) = ~ <1;Zj
• ;=1

or ~ 4 i
Y

i ;

Combined ratio (st)

and the
Unbiased separate ratio

= 7 (st ) = q(st)Zc
or = q(st)Y;

-- '1' .
u

The variances of each of these estimators are given in
Table 1. The variance of T

X
is

N(N-n) S2(X..)jn
IJ

• and this variance is not given in the table. For the ratio esti­
mators, the number of farms reporting and the hectarage under
the palay crop are used as concomitant variables. The statistics
on palay production (X,,), number of farms reporting (Z ,)

~ b
and hectarage (Y ..) for the provinces of Abra, Bulacan, Pam-

I)

panga, Tarlac, and Zambales are shown in Tables 2a, '2b, 2c,
2d and 2e, respectively, where

N is the province or universe size,
N. is the stratum size (i= 1, 2, "" 5),

1

n is the sample size for the province,
n. is the sample size for the stratum,

1

X, Z, or Y is the total for the province,
X. Z. or Y. is the total for the i th stratum,

1 I I
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TABLE 1

SUMMARY OF DIFFERENT ESTIMATORS OF POPULATION TOTAL, X.* THEIR VARIANCES
AND ESTIMATES OF VARIANCE IN STRATIFIED SAMPLING.

~If we want to estimate the population mean
2

variance b)' II

'"0
::r:....
e-....
'"0
'"0....
Z
tTl
tn
>-3
>
>-3....
tn
>-3....o....
>z
I

.....
<.0
Co
II'>-

tr:
tlj
'"0,..,
tlj

is:
t:O
tlj
}O

S2[ T
Q

(st)]

Estimate or
v aria,..ce

2 [0 - L 2
'J T(S~~. L!il(Ni-nl)sl(Xij)/nl

i-l

[
2 2- 2

(N-n)1I s (Xij}+q s (Zlj)

-2qs (X ij , Zl j )J In

2[- ~~ -. [2
s TQ(st)jLlii(Nl-nl) Si(Xlj)

i-l
2 2 ]+Qisi(7,ij)-2Qis(Xlj,Zij) Inl

2[_ l L [ 2
s TC(st)J - L Ni (Ni-nl) sl (Xij)

... 2 1-1 ]
+q"sl (Zlj)-2qs-l (X l j , Zij ) Ini

Use estimator

L 2
L 1I1("1-nl)8

1 (Xij)/ni

i-I

Variance

[
2 2 2

(N-n)N S (Xij)+Q S (Zlj)

-2QS(X 1j,Zlj)] In

L [ 2 2 2
L N1(Nl-n l) S (Xlj)+Q181(Zlj)

. 1
1-1 ]

- 2 QI S 1 (Xl j ,Zlj) Inl

L [ 2 2 2L N1 (I'ie ll l ) Sl (X l j ) +Q Sl (Zij)

1-1

-2QSi (Xij' Zlj) /nl

tflZi+ [(Ni-l)nl/(nl-1)] (it-r l Z 1)l

1-1 J
Use vAriance for separate

r..t1o _o2[T Il (s t )]

--'==-----------~--

X, th"II." d1vld" th., estimlltora of total by K and the coe r-espondang

Form or
estimators

T(st) - lIi(st)

L

- LNifi
1

i·- liZ or - qT
Q

TC(st) • [i(st)/i(st)] Z

- qZ

T (s t) -
u

L
.T (st) - L <it Zi

Q 1-1

T~~e of estimator

Stratified

Separate
ratio of means

Ratio of Ill"an"

Combined ratio
of zr;teuns

separate
unbiased ratio
of means

........
0\
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TABLE 2a

PARAMETERS OF PALAY PRODUCTION (X..) IN CAVANS,* t'.1lJ >mNUMBER OF FARMS REPORTING (Z..), AND HECTARAGE (Y
jj

) . Q>-3
IJ ~ ....

ABRA I.JROVINCE. JULY 1959 TO JCNE 1960. .... l:5:
0>

- - --_._- _._----- C::>-3
Parameters Parameters of t"" ....

>-30
of stratum S t rat a province CZ

(a) (b) (c) (d) (e)
~O
~~

N. o"tl
25 22 23 17 24 N = 111 t'.1>

1 zt""
n (oa) 1ll 5 5 1 2 n = 23 m>
(Nj-nj)

c::><.... 15 17 18 16 22 m"tl.... >~--J X. 234,996 150,423 85,634 11,440 31,069 X = 513,562 mO
I >-3t:l

Z. 6,715 9,353 2,949 929 2,614 Z == 22,560 o::C
I

t'.l~Y. 8,392 8,651 2,915 758 2,447 Y = 23,162 ....
I (flO

S~(Z;) 110,684,260 31,237,410 31,114,311 1,093,155 6,405,335 S2(X.'> = 48,998,431 >Z
IJ l:5:

S~(Yij) 32,425 102,561 23,675 8,599 10,457 S2(Z..) = 52,176 "tl~
IJ t"" ....

S~(X) S2(y'.) = 82,467 .... >-3
141,663 105,443 34,928 4,849 24,911 Zo::

lJ Q

S (Xjj,Zii) 1,478,676 1,548,374 705,595 82,595 151,786 S( x..,Z.. ) = 1,144,993 "'.1>-3
IJ IJ ~o::

Sj(Xij.Yjj )" 3,600,899 1,'106,042 947,901 64,977 105,763 S(X..,y..) = 1,745,204 >t'.l
I) lJ l:5:1-'

Q (X, IZ)
t'.l~

35.00 16.08 29.04 12.31 11.89 Q(XjZ) = 22.76 0

Q.(X./Y;) 28.00 17.39 29.11 15.10 12.70 Q(XjY) = 22.171 1

• A cavan of palay weighs 44 kilograms.



TABLE 2b

PARAMETERS OF PALAY PRODUCTION (X
l j

) IN CAVANS,*
NUMBER OF FARMS REPORTING (Zfj)' AND HECTARAGE (Yfj)'

BULACAN PROVINCE. JULY 1959 TO JUNE 1960.

Parameters of
Province

N = 91

n = 18

x = 2,308,007

Z = 36,649

Y = 67,731

......-00

Parameters of
stratum

N.
1

nj(oa)

(N.-n.)
1 1

X.
1

Zi
Yi

S~(X..)
• 'J

S;(Ztj)

S~(Yij)

Si(Xtj,ZIj)

Sl(Xij'YIj )

0j(Xi /Zi)

OJ(Xi /Yj )

(a)

19

5

14

822.97'1

10,483

19.894

1.68H.133,700

215,103

9U,192

18,267,43G

39,146,502

78.50

41.3G

(b)

24.

7

17

1,041,602

18,380

33,926

2,456,576,552

G68,084

2,850,606

39,'~:36,315

82,300,869

'56.67

30.70

S t rat a

(c)

20

3

17

277,687

4,623

8,343

578,428,219

133,783

503,056

8,647,926

16,996,456

60.07

33.78

(d)

12

2

10

77,312

1,273

3,853

'}57,443,324

175,471

248,570

7,267,317

10,663,103

60.73

41.73

(e)

16

1

15

88,429

1,890

3,715

89,998,872

30,672

170,858

1,552,170

3,853,838

46.79

23.80

S2(Xij)

S2(Zfj)

S2(Ylj)

S(X..,Z..)
u JJ

S(XjjYij)

(QX/Z)
Q(X/Y)

1,459,790,959

333,742

1,333,980

21,151,549

42,890,382

62.98

34.08

"0
~.....
t"'.....
"'0
"'0.....
Z
tIl
ta
.."
>
.."....
tn
.."....
(')....
>z
I

"(j)

l."'.l
"'0
.."
l."'.l
~
to
l."'.l
Jtl
....
co
C>
11>0

•

• A cavan of palsy weighs 44 kilograms.
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TABLE 2c

PARAMETERS OF PALAY PRODUCTION (Xjj) IN CAVANS,*
NUMBER OF FARMS REPORTING (Z.. ), AND HECTARAGE (Y.. ).

JJ lJ

PAMPANGA PROVINCE. JULY 1959 TO JUNE 1960.

>~
0>-3
~ .....
..... ~
0>
~>-3
t-< .....
>-30
~z
~>0
t-<":I:j

o'tlt':l>
Zt"en>
~t-<
en'tl
>~
enO
>-3t:l
o::~
t':lQ
Ul .....
>0
~Z
'tl~
t" .....
..... >-3
Zo::
C)

":I:j>-3
~o::
>t':l
~ ....
t':l~

o

14,282,493

40,234,766

88.37

35.20

1,524,387,110

148,202

1,098,549

2,590,144

29,311

73,593

Parameters of
province

N = 84

n = 25

Q(XjZ)
Q(X/Y) -

x
Z ­
Y

(;;2(X.. ).'S2(Z.. )
'J

S2(Y ..) =
IJ

S(X'i,Zjj)
S(Xji,Yji)

9

1

8

(e)

44.03

25.01

45,088

1,024

1,803

762,741

1,454,939

38,281,873

15,649

57,903

16

1

15

(d)

31,303

505

1,107

276,270

696,219

61.99

28.27

20,053,831

3,850

24,190

17

4

13

483,899

6,568

14,308

73.68

33.82

6,780,676

17,358,867

554,418,083

92,726

566,536

S t r a t.:.......::a=--- c-:- -: _

--(c)

86.02

33.38

21
9

12

(b)

809,399

9,410

24,251

19,687,977

53,1:38,905

1,980,008,430

219,154

1,461,167

(a)

21

10

11

103.39

37.99

16,749,156

51,300,078

1,220,455

11,804

32,124

2,091,118,610

147,870

1,345,595

Parameters
of stratum

N
j

n.(oa)
1

(N.-n.)
1 I

X.
1

Z;
Y.

•
S2(X.)
S2(Z" )
S;(Yj )

S (X,,,Zij)
S (Xjj,Yjj)

Q(X,/Z)
Q.(X. /Y.)

, 1 1

­_.
\0

• A cavan of palay weighs 44 kilograms.



TABLE 2d

PARAMETERS OF PALAY PRODUCTION (X..) IN CAVANS,*
1:

NUMBER OF FARMS REPORTING (Z.. ), AND HECTARAGE (Y.. )
lJ lJ

TARLAC PROVINCE. JULY 1959 TO JUNE 1960.
"'0

Parameters Parameters of II:.....
of stratum S t rat a province t'".....

"'0
(a) (b) (c) (d) (e) "'0.....

Z
N. r:i

IG 17 13 14 14 N = 741 rn
n.(oa) 9 4 1 1 1 n = 15 ~

I >
(N.-n.) 7 13 12 13 13 ~

I 1 .....
to

X.
~

1,31)7,773 1,520,281 192,424 20,593 173,940 X = 3,275,011 .....
1 o,.....

Z.
.....

I~ 10,688 23,295 2,185 304 4,011 Z= 40,483 >0 I

Y. 31,209 51,446 5,791 743 7,926 Y= 97,115
Z

I I
S~(X:",) 27,849,077,307 4,427,IG4,823 409,984,984 5,311,576 417,623,094 S2(X.) - 7,013,288,273 if:"'.0 t:'j

S;(Zij) 711,458 918,636 42,52G 860 94,247 S2(Z ..) = 628,467 "'0
1.1 >-3

S~(Yi) D,221,042 4,206,125 344,710 6,899 882,208 S2(y'.) = 4,459,278 t:'j
I)

~

S;(Xij'Zji) . 105.20G,43G 57,089,377 3,956,044 S(X,:".Z,) = 53,479,6~f)
txl

57,495 5,876,112 .t:'j

S;(XijYi j ) 440,883,478 134,385,721 11,498,142 190,571 19,09::1,511 S(X..,Y.. ) = 168,603,753 ~
lJ IJ ....

~

Q,(Xj jZj) J 27.!l7 (;5.26 88.0G 67.74 '13.36 Q(XjZ) = 80.89
c;....

Q.(X. jY.) 43.82 29.50. 33.22 27.71 21.94 Q(XjY) = 33.72
, l 1

.-----.._~-~----_.-
>!< A cavan of palny weighs 44 kilograms.
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TABLE 2e

PARAMETERS OF PALAY PRODUCTION (X..) IN CAVANS,*
1J

NUMBER OF FARMS REPORTING (Z..), AND HECTARAGE (Y.'>.
. .. .]J IJ

ZAMBALES PROVINCE. JULY 1959 TO JUNE 1960.

•

.....
N.....

Parameters
of stratum'

N.
1

n (oa)
1

(Nj-n)

XI
Z.
Y.

I

S2(X' )
S2(Z,,)

S;(Y)

S (X",Z,J
S.(X..,Y )

1 IJ !J

Q rx, /Z.)

Qj(Xj /Yi )

(a)

14

4

10

163,491

2,636

4,462

318,894,387

76,047

236,588

4,900,321

8,640,417.

62.02

36.64

(b)

14

4

10

434,836

9,101

13,894

251,224,571

119,868

352,143

5,127,630

8,727,399

46.68

31.30

•

S t rat a

(c)

9

1

8

5,087

120

190

777,501

430

1,020

18,118

26,678

42.39

26.77

(d)

6

1

5

3,796

103

122

559,091

225

327

10,993

12,510

36.85

31.11

•

(e)

13

1

12

17,704

874

1,158

3,396,198

8,137

16,102

159,680

219,422

20.26

15.29

province
Parameters of

N = 56

n = 11

x = 624,914

Z = 12,082

Y = 19,826

S2(X..) = 289,671,845
JJ

S2(Z.) = 118,497
1J

S2(Y..) = 293,773
IJ

S(X..,Z..) = 5,680,636
IJ IJ

S(X..,Y..) = 8,960,977
IJ JJ

Q(XjZ) = 52.72

Q(XjY) = 31.52

•

---:-:1-'Jl
~~
r. ­
~J;.JQ>
C,..,
~....::
-30
CZ
::0
>0
:-<":1

0'"0
rrl>
Zt'"'
'Jl>
C><
'Jl'"O
>~
'Jl0
-3t:i
::r: C
rrl;]
Ul~
>0
!;=;IZ...
'"0:=
t'"'''::
..... -3
Z::r:o
":1-3
::o1J::
>rrl
s= ....
::rl~

o

*A cavan of palay weighs 44 kilograms.
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S2(X
i
) , S2(Z), or S2(Yij)

is the variance for the province,

S2(X), S2(Z), or S2(Yij)

is the variance for the ith stratum,

Q(XjZ) or Q(XjY) is the ratio for the province,

and

Q.(X.jZ.) or Q.(X.jY.) is the ratio for the i th stratum. •
1 t J 1 1 1

Note that N, the province or universe size, is assumed to be
independent of Z, the total number of farms reporting.

These statistics are used to derive the variances of the
estimators for a given province. These variances are compared
and the relative efficiencies (RE.) are derived. The results for
a 20 percent sample of municipalities are given in Tables 3a,
3b, 3c, 3d, and 3e for the provinces of Abra, Bulacan, Pampanga,
Tarlac, and Zambales, respectively.

The results indicate that the group of ratio estimators is
superior to either the simple random or stratified (optimum)
estimator. In turn, the separate ratio estimator t:-· (st) i~ •

- (,f

more efficient than the ratio means [Oro1 or the combined
ratio I Te(st) J estimator. With numJ>er of farms (Zu> as the
concomitant variable theRE. of T (st ) to T ranaes from

Q X <0

426 percent for Abra (Table 3a) to 4742 percent from Zarnbale-
(Table 3e). With hectarage (Y..) as the additional variable,

I)

the RE. ranges from 682 percent for Abra (Table 3a) to 6669
percent for Bulacan (Table 3b). The cv I~ 1 for Pam­
nanga was 24 percent. When we use the separate ratio esti
mator 1"1\,..(st ) 1 ' the cv was 3 percent, indicating consider­
able gain of statistical precision in the use of Test) over T ._ Q x
The variance of T (st) is not given as it is assumed to

tI

be equal to that of T
Q

( st). T (st ) may be used to remove
II

the bias in TQ(st).

In •
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Table 3a

VARIANCE OF ESTIMATOR AND RELATIVE EFFICIENCY OF ESTIMATES
FOR PALAY PRODUCTION.

ABRA PROVINCE. JULY 1959 TO JUNE 1960

Concomitant variable

Number of farms Hectarage
Type of estimator Variance Variance

(000,000) R.E.%$ cv % (000,000) R.E.%$ cv %

- Simple random = T 20,809 100 28 20,809 100 28IVw x
(X-only)

Stratified (optimum) = T (oa) 12,435 169 22 12,435 169 22
x

Ratio of means (r) = T 10,153 205 20 5,160 403 14
Q

Separate ratio (st) = T (st) 4,980 426 14 3,854 682 12Q

Combined ratio (st) = T (st) 6,775 315 16 5,952 372 15c

*R.E. is relative efficiency with the variance of T as numerator.
X

t::l
>UJ
C)1-3
- >-<"'!;;>I
"'"""t~
("»

C::0-,3
1:"'>-<
0-,30
CZ
~O
>>::1I:"'
(")"'tl
t::l>
Zl:"'
UJ>
c::>-<
UJ"'tl
>~
UJO
0-,3t:l

~~
t::l0-,3

>-<
(flO
>Z;s:
"'tl~
1:"'>-<
.... 0-,3
Z~
C1

0-,3
>:j~
~t::l>;s: ....
t::la5

o



Table 3b

VARIANCE OF ESTIMATOR AND RE LATIVE EFFICIENCY OF ESTIMATES
FOR PALAY PRODUCTION.

BULACAN PROVINCE. JULY 1959 TO JUNE 1960

Type of estimator

Combined ratio (st) = T (st)
c

Stratified (optimum)

"'ti
::t:
t==....
"'ti
"'ti

Z
R
r:n
.."
>,..::
,...:;
o:
.."....
(1

;;
z
I

U1
t."j
"'ti
,..::

"t;Lj
~
t:l:l
t."j

~
......
<P
C>

"'"

369,087 14G 2G 369,087 146 26

44,0:n 1,22;~ 9 31,639 1,702 8

2G,~};j!J 2,000 7 8,078 6,669 4

~3,7G7 1,5% 8 :1O,840 1,747 8

Concomitant variable
------

Number of farms Hectarage

Variance Variance
(000,000) R.E.%* cv '1" (000,000) R.E.%* cv %

538,744 100 32 538,744 100 32

T (oa)
x

T (st)
Q

T
Q

T
X

Simple random

(X-only)

Ratio of means (1')

Separate ratio (at)

......
~

*R.E. is relative efficiency with the variance of T as numerator.
x

• ." • •
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Table 3c

VARIANCE OF ESTIMATOR AND RELATIVE EFFICIENCY OF ESTIMATES >?h
FOR PALAY PRODUCTION. Q>-3

::0 .....

PAMPANGA PROVINCE. JULY 1959 TO JUNE 1960
...... l:i:
0>
C:>-3
t"' .....
>-30

Concomitant variable
CZ
::0 0

Number of farms Hectarage ~"%j

Type of estimator Variance Variance o'tl
tr:j>

(000,000) R.E.%* cv (Ir' (000,000) R.E.%* cv % Zt'"
m>
c:><

.... Simple random = T 402,376 100 24 402,376 100 24
m'tl

IV x >::0
1Jl (X-only) mO

>-3t:l
::t: C

Stratified (optimum) = T (oa) 141,383 285 15 141,383 285 15
tr:j~x . .....
(flO
>Z

Ratio of means (r) = T 31,212 1,289 7 10,508 3.829 8 ~:E:Q
t"' .....

Separate ratio (st) = l' (st)
...... >-3

14,306 2,813 5 6,512 6,179 3 Z::t:
Q Q

"%j>-3
Combined ratio (st) = T (st) 19,834 2,029 5 7,463 5,392 3

::o::rl
c >t':l

:s: ....
tr:j~

0

*R.E. is relative efficiency with the variance of T as numerator.
x



Table 3d

VARIANCE OF ESTIMATOR AND RELATIVE EFFICIENCY OF ESTIMATES
FOR PALAY PRODUCTION.

TARLAC PROVINCE. JULY 1959 TO JUNE 1960.

Concomitant variable

Number of farms Hectarag:e
Type of esnmator ' Variance Variance

(000,000) R.E.%* cv C/o (000,000) R.E.%* cv 0/0

Stratified (optimum) = T (oa) 2,041,334 100 44 2,041,334 100 44X.....
(X-only)N

00-

Stratified (optimum) = T (oa) 532,098 384 22 532,098 384 22x

Ratio of means (r) = if '160,322 268 27 229,080 891 15Q

'"
Separate ratio (st) = T (st) 217,449 !.l39 H 111,427 1,832 10Q

Combined ratio (st) = Tc (st) 2G!.l 758 Hi 146,600 1,392 12

------

*R.E. is relative efficiency with the variance of Tx as numerator.

-e
~....
to<....
"d
"tl....
Z
~

ta
~

>
~....
ta
~....o
:;
Z

VJ
M
-e
~
M
~
to
M
~

>-'

~...

• .' • •
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Table 3e

VARIANCE" OF ESTIMATOR AND RELATIVE EFFICIENCY OF -ESTIMATES
" FOR PALAY PRODUCTION.

ZAMBALE.S PROVINC)2',. JULY 1959 TO JUNE 1960.

_..::..=.====-=== 4~'::=':-· - :::..---==-=.

Concomitant variable
- ----_.

Number of farms Hectarage
Type of estimator Variance Variance

(000;000) R.E.%* cv 0/0 (000,000) R.E.%* cv 0/0

- Simple random = T 66,334 100 41I\J 66,334 100 41-..;J x
(X-only)

Stratified (optimum) = ~ (oa] 20,557 323 23 20,557 323 23

Ratio of means (r) = T 4,420 1,500 11 3,891 1,704 10Q

Separate ratio (st) = T (st) 1,399 4,742 6 1,894 3,502 7" Q

Combined ratio (st) = T (st) 3,373 1,966 9 3,073 2,158 9c

"'R.E. is relative efficiency with the variance of T as numerator.
x

>~
C')Ul
~:j
...... ~
0>
C::1-3
t"'­
1-30
CZ
~>0
t"'>:j

o'\l
~>
Zt'"
Ul>
c::><
Ul'\l
>~
UlO
1-3t:t
::x: C
~~
(fl .....

>0
~Z
'\l~
t"' .....
.....1-3
Z::x:
C')

>:j1-3
~::x:
>trl
~~

trl~
o



•PHILIPPINE STATISTICIAN - SEPTEMBER, 1964

Hectarage appears to be a more efficient concomitant
variable than number of farms reporting as indicated by the
lower variance or by the higher R.E. Tables (3a to 3e). The
relatively high correlations between (X.) and (Z ..) and be-

l' IJ

tween (X..) and (Y..) are responsible for the considerable gain
IJ IJ

in the statistical precision of the ratio estimators. The correla-
tion coefficients by strata and by province are given in Table 4.
Note that in addition to the five provinces of Abra, Bulacan,
Pampanga, Tarlac, and Zambales, Table 4 gives the results for
J5 other provinces.

III. Discussion and Recommendation
•

To be of maximum use as a sampling frame, the results of
the Philippine 1960 Agricultural Census, must be tabulated at
least at the barrio level. With stratification by size and by
category (a to e), the variability among barrios as primary
sampling units (PUS's) will be relatively lower than with the
municipalities as PSU's. The application of stratification with
the five categories (a to e) as strata resulted in a gain of statis­
tical precision of 46 percent for Bulacan and 284 percent for
I'arlac, In addition, this type of stratification will enable us
to derive precise estimates of palay production and other
charateristics for each province by each category, namely: •
(a) First crop, irrigated; (b) first crop, not irrigated;
(c) second crop, irrigated; (d) second crop, not irrigated; and
(c) kaingin and upland. These estimates will be useful in
the preparation and evaluation of agricultural development
efforts at the provincial level.

The barrios may arranged into paper strata in each of the
five categories (a to e). After application of the paper. strata,
the product

N.S.
1 1

will be approximately constant for all strata (i), where N.
I

is the number of farms and S. is the standard deviation of
I

palay production. As shown by the author (4), this condition
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Table 4

CORRELATION COEFFICIENT BETWEEN PALJ\Y PRODUCTION (Xu) IN CAVANS,
>t'jAND NUMBER OF FARMS REPORTING (Z ..) AND HECTARJ\GE (Y..) C)tnu u ~::JBY STRATA AND BY PROVINCE. ....is:
0>
q8
t"' ....

p(X
i j

, Zij) p(X.. , Yoo) 80
IJ lJ C:z

Province -- ~

S t rat a Whole Strata Whole >0
_. --- ---_. - -_._-- ------- t"'>xj

(a) (b) (c) (d) (e) province (a) (b) (c) (d) (e) province 0'"0
tz:j>

Abra 0.91 0.89 0.26 0.87
Zt'"

0.78 0.87 0.82 0.85 0.59 0.90 0.91 0.94 tn>
Bulacan .96 .97 .98 .99 .93 .96 .99 .98 .99 .99 .98 .97 q...::

taPampanga .95 .95 .95 .99 .95 .95 .97 .99 .98 .99 .98 .98 >'"0- Tarlac .75 .90 .95 .85 .94 .81 .87 .98 .97 .99 .99 .95 tn~N Zambales .99 .93 .99 .98 .96 .97 .99 .93 .95 .93 .94 .97\0 8t::l
Aklan .95 .90 .95 .91 .90 .90 .96 .91 .97 .98 .95 .96 =c:tz:j0
Albay .88 .93 .81 .92 .94 .74 .95 .99 .91 .99 .99 .92 8
Bataan .95 .~2 .92 .82 .92 .99 .92 .99 .98 .94

Ul ....
.77 .79 >0

Cagayan .87 .82 .96 .97 .91 .83 .95 .97 .9f1 .96 .96 .97 is: Z
Camarines Norte .95 .98 .95 .94 .99 .71 .99 .98 .98 .98 .99 .93 '"O::a
Catanduanes .77 .95 .80 .97 .94 .82 .82 .95 .81 .92 .96 .87 t"' ....

....8Ilocos Norte .92 .90 .99 .98 .58 .89 .88 .91 .97 .99 .99 .92
~=Misamis O"dd-ntal .94 .73 .91 .56 .92 .85 .99 .91 .93 .96 .88 .81

Misamis Oriental .93 .98 .94 .97 .95 .89 .99 .97 .99 .97 .99 .98 >xj8
Nueva F."iia .99 .94 .97 .98 .76 .83 .99 .99 .99 .99 .88 .84 ~=
:N'..~v" Vis~"va .95 .97 .91 .74 .98 .93 .99 .97 .9C .95 .98 .97 >tz:j

is: .....
()~";tl~ntal Mindoro .91 .96 .99~ .77 .84 .94 .96 .99 .99'" .99 .97 .99 tz:jco
'P"mhlnn .95 .97 .93 .58 .99 .90 .95 .99 .99 .97 .99 .95 Cl>

0

~~t'''sog'''n .77 .95 .78 .98 .97 .80 .96 95 91l .97 .97 .93
Surigao del Sur .99 .95 ** .43 .98 .92 .99 .98 ¢* .96 .99 .98

---- --------

"'Contains three pairs of observations.
**~nnt~inq nnlv t,uro n!:lh°c:, nf nhQPrv~tinn~·



•PHILIPPINE STATISTICIAN, - SEPTEMBER, 1964

will indicate that the technique of equal take is as precise as
stratified optimum sampling. Also, the administrative require­
ments of the survey become more simple with equal take.
'l hus, with equal take, statistical and administrative efficiencies
are improved. From the census frame, each sample barrio is
drawn from a given stratum with replacment and with pro­
bability proportional to size (pps) of production. Then the
estimates are adjusted with the use of ratio estimators. The
concomitant variables in the ratio estimators will be the
number of farms reporting (Z ..) or the hectarage (Y.,) which

u u '
are obtained from independent sources. As shown in this
paper, the correlation between production (X..) and number of

IJ

farms reporting (ZoO) is about 0.87 while the correlation
lJ

between production (X,.) and hectarage (Y..) averaged about
IJ IJ·

0.94. High levels of correlation exist in the 20 provinces " ..,here
census results have been released by the Bureau of the Census
and Statistics. Thus, we expect considerable gain in statistical
efficiency in the use of ratio estimators in efficiency in the use
of ratio estimators in each of these provinces.

•

As the Philippine 1960 census was a sample census,' then
the statistical findings presented in this paper can be: used
to improve the results of the 1960 census. These findings also
will be incorporated into the estimation procedure of the cur- •
rent Philippine palay survey of the Bureau of Agricultural
Economics, Department of Agriculture and Natural Resources,

IV. Review of Literature

(I) Food and Agriculture Organization of the United
Nations and Republic of the Philippines. Seminar
on the Analysis, Evaluation and Uses of Agricultural
Census Results in Asia and the Far East. Bound
mimeographed material. Manila, Philippines. 1960.

(2)' Bureau of the Census and Statistics. 1960 'Agri­
culture Census Bulletin. Volume I. Report by pro­
vince. April, 1963.

. "130 •



•

•

•

•

ESTIMATION OF PALAY PRODUCTION WITH THE 1960
AGRICULTURAL CENSUS AS THE SAMPLING FRAME

(3) "Onate, B. T. Estimation of Population Count with
the 1960 Population Census as the Sampling Frame:
The Visayan Region. Paper presented at the Third
Annual Convention, Visayas-Mindanao Chapter, Phil­
ippine Sociological Society. Dumaguete City. July,
1964.

(4) Statistics in Rice Research.
Part III. Bound manuscript. The International Rice
Research Institute, Los Banos, Laguna. 1964.

(5') Hartley, H. O. Advanced Design of Survey. Mimeo­
'graphed notes. Department of Statistics, Iowa State
University. 1959.

131


