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. INTRODUCTION

In forest sample surveys, estimation of the ratio of total-number -of
trees of exploitable diameter class (i.e., all trees above the minimum
exploitable diameter) to the next lower diameter class, and of the total
or mean number of trees of a particular diameter class are important
problems. "The former ‘enables us to prescribe the annual yields by
‘using ‘the safeguardmg “formula for sélection felling series given by
Smythies (1933) Edch felling series consists of a group of compart-
‘ments of varying sizes. The primary sampling unit is a compartment
“or a section of it bounded by topographical features like ridges, nalas,
etc. Diameter classes usually used are of size 4”, the classes being
§7-12", 12"-16", 16"-20", 20"-24" and so on. Occasionally 2" diameter
“classes are also used. . '

The minimum exploitable diameter is fixed, since trees below this

. . diameter are not saleable, while the area is so unstable that trees should

‘be felled as soon as they are readily saleable. The trees ‘over the mini-
mum exploitable diameter are called class I trees and trees belongmg
to the diameter class just below the minimum exploitable diameter are
called class II trees. Nair (1956) has illustrated the estimation of the
ratio of class I to class II trees and its-standard endr and computed
the safe probability limit of yield percentage ‘by using Smythies formula
for two ‘working plan surveys of “ Haldwani Sal Forests of Uttar
Pradesh’and * Sal Forests of Porahat and Saranda Divisions ” , Bihar.
In ‘this paper, the use of a double ratio” esiimate to estimate the ratio
-of cldss T to class II trees, when previous complete enumeration- data
are available, is illustrated. Keyfitz (refer Yates, 1949) used double
ratio estimate to estimate the total labour force, salaries, material used,
etc., in the case in which there is an initial complete census of productidn

v ”':and of labour force, etc,, and subsequently a further complete census of

productlon but a sample only for labour force. If the ratio of the
ratios is less subject to variation than either ratio separately, double
ratio estimate is more precise. . - i . L
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Estimation of the total or mean number of trees of lower diameter
class is important, since it enables us to tell how many of the trees will
grow -up to the :next - ‘higher - diameter class and subsequently to-the
exploitable sjze during the’ felling cycle. Nair (1956) used regression
method of estimation to estimaté the mean number of trees of different
diameter classes for ““ Kalagarah Working Plan ”, Uttar Pradesh, by
utilising the supplementary information of the prev1ous complete enume-
ration data. Since trees of lower diameter are normally more numerous
than trees of higher diameter, and since a more precise estimate for
the number of trees of highér diameter class (both ¢class I and class 1)
is required, double sampling may be used, i.e., a large sample of com-
partments is taken at random and number of trees of higher diameter -
class only are counted, and a sub- sample relatively small, is taken at
random from the preliminary large samp]e and .number of trees of
lower diameter class are counted. The estimate and 'the variance for
‘the mean number of trees of lower diameter class utilising the supple-
mentary information of the number of trees of higher diameter, or the
previous complete enumeration data, or both, are given. Also,
utilising the supplementary information of trees of higher diameter of
‘the present énumeration and of the areas of the compartments or
.topographical sections within each felling -series, the mean. and the
variance of mean number of trees per acre of a particular lower dja-
meter class are given. Also, efficiency of stratification for the double
.ratio estimate of the ratio is considered.

. The formule given in this paper are valid for large size samples
-and should be used only for fairly large samples. But, there is need
to develop suitable formulz for medium size samples, since usually a
felling series is composed of fifty to sixty compartments, and a sampling
intensity of not more than 33 per cent. is chosen. The number of
sampling units in a felling series can be increased by further dividing
the comipartments into sub-compartments. of smaller size, but the
location of these small units in the forest . may become difficult and
‘increase the cost of the survey. The author is_investigating the bias
of .the double ratio estimate for small samples, by ﬁndlng the second
tapprommatlon to the variance, etc. .

oo

‘2. ESTIMATION OF THE RATIO AND THE ANNUAL YIELD.

‘Let, yy; denote the number of trees of class I of the present enumeranon
: in the ith compartment.

yﬁl LH] 2 C’Iass II - - L2
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x;; number:of trees of class I of the prev10us complete enumeratlon
in the i-th compartment '

xéi . BT 2 CIa—SSI II ‘s ) s
so that X; = Z‘ xy; and X2 2 Xq:, the total number of trees of class 1

and class II of previous enumeration are known.

If a simple random sample of » compartments or topographical
sections is drawn in the present enumeration, double ratio estimate of

b
_n s
i/} Y "N
2 2y
1
is given by
R 2)’14/41‘7)@ X, _ R, R
[ n - R L4
2 Xy / 2 Xy ? ”
1 1
where ‘
R — Total number of trees of class I in the sample
yn

Total number of trees of class Il in the same sample
of the present enumeration, and

Total number of trees of class I in the same sample

Ron = Total number of trees of class Il in the same sample

of the previous complete enumeration.

If there was no previous complete enumeration, estimate of R,
is R,,.

Let,
_ Ru B R,
R, = R, and R =%
Rl =J-)1/.}_)2 _A:l _ gl

o VX%, Xp Y,

(XllXa) {J’1 _ sz}

\ (xl/xz)
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In what follows, we assume the sample size to.be sufficiently large so
that téerms of order O (1/n %) where « > 1 can‘be’ ignored.

[ N&—&: L — .
R, ,,N(J_)z sz) R, — R-R.,

VR~ V(R — 2 Reov. (RyR,,) -+ RV (R.,)

where CU T -
o SN 1 /1 :1 o : N .
V(-Rzm) = V(j-)—l-:)&' ?2“2 (;1 - TV) N—1 Z (O, — R2y2)2 ~
. 1
a similar expression for V' (R,,) o
and
cov. R R,) = cov. 2! 3f1
Vs’ %
1
Yng ( N) N (y 1 yy2)
X (% — Rxy).

A consistent estimate of ¥V (R',,) is

%" (yl - -Rynyz)z

7 Ry ~ (N; n) s SIRALH

T EE)

z’?(xl — Rox)* , ]
+RAE—— | W

()

A consistent estimate of V(R,,) is
- n -
20y — Ryuyo)®

N—n_ n -
339?)
\¢) .

N n-—1 .

V(R,) ~

_ S - 2’(}’1‘— w‘y-z) (% — R,,%)
2
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where
.y --~=,-£ (= 2Z% of Iy

a X= actual number of trees of class IT which survive and pass into
class I during the felling cycle :

f = fellmg cyc]e :
t = period that class II trees take to-grow to the exp101tab1e size -

Z = mortality per. cent., i.e., percentage of class II trees that dis-
““appear in ‘ ¢’ years
II =number of class II trees
.- I =number of -class- I -trees.
Substltutmg for X in‘y’ we get
o 200
200 \t I ).
{(10 2);
so that if the estimate of the ratio of total number of class I to II trees is
known, the annual yields can be prescribed for the values of ¢, f and Z
assumed in the Working Plan. To compute the safe limit for the aniual

yield, we take the upper conﬁdence limit for the ratio I/II calculated
from R',,-and 1ts standard error

Llustration. —The only data avallable w1th a previous complete
enumeration are the enumetanon data of Kalagarah Working Plan,
UP Whole compartments were used as samplmg unlts' In 1933—'34
cf roughly 28% of the: compartments .were enumerated for Sal 20"
has been;taken-as. the- mmnnum explcntab]e dxameter for the trees, so'
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that I class trees are thosc. h'a_ving_ 20"-over diameter and-II class trees
are those having 16"-20" diameter. The values of ¢, f and Z assumed -
in the Working Plan are 35 years, 15 years and 33%; respectively.

There are four felling séries, namely, Dhara Range, S.P. Diin Range,
Mandal-Aduala Stratum and Mandal Stratum and the random samples
taken in the present enumeration.are of medium size. .

Dhara Range .. .. N=6I,n=12
S.P. Dun Range .+ . .. N= 50, n=18
Mandal-Aduala Stratum .. N=54,n=12"
Mandal Stratum .. .. N=55n=11

Now, the quéstion is whether the formule based on large samples can
bé applied to these felling series, to illustrate the efficiency of double
ratio estimate of the ratio. Only for S.P. Dun Range, formule M
and (2) seems to be satisfactory, since coefficient of variation of , and
%, are both -07 and coefficient of covariance of j, and %, is -05. Also,
the first and second approximation to the variance of R,, and R,, are
found out using the formulz given in Sukhatme (1954).

V1 (R,,) = -0010026 71 (R,) = -001629
V, (R,,) = +0010368 7, (R,,) = 001664

where V; and V, are variances under first and second approximations
respectively. ‘So, formule (1) and (2) may be considered as adequate
for S.P. Dun Range to illustrate the efficiency of double ratio estimate
of the ratio. Using formule (1) and (2)

¥ (R,)) = -0004951
V'(R,,) = -0010026
or.% eﬂicienc’y"of double ratio estimate of the ratio is 203.

'3, DOUBLE SAMPLING TO ESTIMATE THE MEAN NUMBER OF .-
_TREEs OF LOWER DIAMETER " CLASS

A large 'saml‘)le'n" of compartments is taken at random -aAd-nim-
ber of trees of higher diameter only are counted, and a sub-sample
of size n is taken at random from »’ for trees of lower diameter.

. Let, y, ya and Xy, Xp, dénote number of trees in the i-th com-
partment,-of higher and next lower diaméter- of the present ‘and ‘previous
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enumerations respectively. If there was no previous complete enume-
ration, estimate of Y, is given by

<t

I_’2:—2'}711

J

<
_

where 7, and j; are sub-sample means for trees of lower and next higher
diameter and j,’ the sample mean for trees of higher diameter.

N
3 1 1 1 ,
V(Y ~ (.; - W) N—1 Z (yo — Ryyp)?
1

+ (5 ks Lo 2

where

A consistent estimate of V(f’g) is

N 11y 1 Z ,
V)~ (-— W) (3. — R yny1)2
" .

e e
Yy sdaEd

n n—1

+(nl'—%)niii(yz—yz)2 @

where
_ 72
J1. ’
If previous complete enumeration data are av
of ¥, utilising the supplementary information of the trees of higher
diameter of the present enumeration, is given by

!
Rﬂ'n

ailable, an estimate

2,0 PR VY g Ry Vii% _m' - 2O
Y::'—T":—,'X=-—"-_——,'X—-R"':~,'X

? =5 & ¢ Rm % x P
le means for trees of lower and next higher

where %, and % are sub-samp
for trees of higher diameter of the

diameter, and %,’, the sample mean
previous complete enumeration, and

Ry, =

Bl

J_'Jl ‘pt R2n
) R R T 2 R, = .
! X1 : Ry,
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Let» .
: ’ R2 ]
R ==*,
where ‘
e )
Ry = %, }
and ‘ 1
7, -
‘Rl — Xl .
Now, T - . o
s Y, = (Val%e Y (Yl/Xl)
Yy —V,=1, ( )( ) z
z 2 Vil%) \%/ T 4G U'x 1)

X (}_—2 — R &) .

To get an approx1mate variance of f_fz , we follow Cohran (1953)
and . put,

Y1/X1
. yl/xl
and v
'}_)2/)?2 ~ R’
Y1/%y
Vo -V~ X, R (22 __1_:_1) + 7, (2 R,yl)
_1/ Xl 2 x2 %

X1

. "’21'(1-;2;)&: X’f[V(l_)—z) — 2R cov. (Zg . '13)
- Xg X3

) ear o ()
L v1

xa X1
o (I ,
) R «V<x1')':| ' - o
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A consistent estimate of 'V(I:’-g') is given by
1 & (2 — Rypxp)?
1 .
n—1 noo\2
(%)
" - ..
217 (2 — Re,x3) (11 — RyX1)
) (2 x1) (2 x2;>
1 1

%‘ (1 — Ryx)? 1 1 1
PP il G £ AP
" n _ n N/n—1
(£)
1 v e
2 (y2 — Royxp) (31 — Ryuxy)
X< 2R, - -
()
1 1
2 (1 — Ryxyp)?
— R,’? 1 -
2 x1>
1 .
An estimate of ¥, utilising the supplementary information of the

previous complete enumeration only, but not of the numbér of trees:
of higher diameter of the present enumeration, is given by

P~ (E0) | G-
D~ (8x) | G-w)

— 2R

)

I-’zﬂ =¥2 ) 1‘72= Ry, « g

Xy
and

P~ (b Yo e ©

n

Therefore, ¥’ is more precise than ¥, if the ratio of the ratios y,/x, and
y4/%y is less subject to variation than either ratio separately.
Estimation of mean number of trees per acre of lower diameter class:

~ Let the variate ‘z’ denote the area of a compartment or topo-
graphical section. If there was no previous complete enumeration;
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an estimate of mean number of trees per acre of lower diameter class
is given by

NS K N0 N o )
oy 2z o3 Ry, Z

where z'and 2’ are sub-sample and sample means of the areas of the
units respectively, and

R,,, = > and Ry, 5 -

It can be shown by following the technique above, that a consistent
estimate of the variance of R,, is given by,

R 1f/1 1N 1 ¥ ,
vV (-Rzn) s Z—é [(E - ?) "1___—_1 Z(yZ - Rynyl)z
1
1 I\, o /1 1y 1
+( - R R P

1

X QR Byiz— Rau 32— w3 . ()
1 1

If the supplemeéntary. information of ¢ z’ is not used, estimate is given by
Y,/Z where Z is population mean area and its estimate of the variance
is' 1/z2 IA/(f’Z). Therefore, if the ratio y,/z is less subject to variation

than either variate separatély, R,, is more precise than ¥,/Z. When
previous complete enumeration data are available, area factor does

not enter into the estimate ¥, since the estimate can be written as

a2 }71/2] 371'/2'> X Y_
%o/z | %21 \X/[Z’ zZ  Z.
4. EFFICIENCY OF STRATIFICATION FOR THE DOUBLE RATIO
ESTIMATE OF THE RATIO

When partial enumeration is done using a particular type of strati-
fication, it is "of importance to find how much gain of efficiency is obtained
due to stratlﬁcatlon Usually, each felling ‘series is divided into several
strata, the ex1st1ng forest blocks being taken as strata, and independent
random samples are drawn from each’ stratum so that a. combined
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double ratio estimate is to be used to estimate the ratio of class I to I
trees. If the values of the ratio of ratios for sampling units within the
strata are not uniform, a combined double ratio estimate of the ratio
may become less-precise than that obtained from an unstratified random
sample. Rao (1958) has given a systematic procedure for estimating
the efficiency of stratification for the ratio of class I to II trees. Strati-
fication according to contiguous compartments may sometimes result
in heterogeneous strata particularly in hilly terrain. :

Here formulz for estimating the efficiency of stratification of the
double ratio estimate of the ratio are given. It is to be noted that
stratification may be more precise for each of the ratios separately,
but may become less precise for the ratio of the ratios, if proper care
is not taken beforehand to ensure uniformity for the ratio of the ratios
within each stratum.

Let there be k strata in the felling series and ¥y, Ve, and 3_61",,'

a4, be sample means of trees of cldss I and II of the present and previous
enumerations respectively for the ¢-th stratum and n,, the number of
compartments drawn at random from the N, compartments of the
t-th stratum. :

A combined double ratio estimate of R, is given by

15 k
-§pryln;/£pl{)iit Xl

Rypw= At . X
. 5 - : e
Z[J,xl,.,/z,' DiXan, 2
1 1
Dl Ko Re X

A-’1!(7/x2w X2 - sz ‘X'2 - Rw . R;z

where
N,
D= N’

whose estimate of variance is '
V (Rlyw)s 7 17 (Ryw)s - 2Rw cov. (Rwa.rw)S

+ sz 17 (RzzL)S (8)
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where * S stands for * stratified .

LS 'S S
V(Ryw)s . T Zpt tm Z[)t tm
y 20
k ) 3 .
- — 2R Z Py Sy, Z Pi Sy,
40 on N,
1. 1
ZP; Sty Z D128y, 9)

a similar expression for ¥ (R,,)s

and

% k
2 2
CIO\V. (vaR.ﬂo)S = 1_ E p——t Sty — 2 p—‘ Stylz, .
. YowXow n, N,
) 1 1
_ R Dt slz;yg _ ptzstlela
v Z n Z N,
: 1 1
AR ] . k-
_ R Pt Stylmg — pt2slyy.~'g
Zw Z : n, z : Nt
1 1
+ R .R Pt Styzzz .pt styza,',
o4 ¥z 2 : z :

where 4,2, 5.2 Sy, and Sy, (=1, 2) are mean squares and mean
products for ¢-th stratum.

Double ratio estimate of R, from an unstratified random sample -
of size n is

which is not known.
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Sukhatme (1954) has shown that

V (y)u s N (\ —_ ’-—) {Zptst’ﬂ + Zptynt .
' . ‘ Co
,- 1 t P
Z pﬂw)} | an
where ¢ U.S” stands for “ unstratified’. B . ,

It can be shown that

.COV. (.j)i)U:S ~ (ﬁ a7 {Z Ptgtym + Zptym Xnt .

(Zp‘s‘”’” ZP» s> L

f} (Rlun)U.S g I7(R:m)U.S — 2R, COV- (RgnR:m)U._S R

+ sz I7(-‘Rzn u's’ ' | ' (13)
where '
A . 1 .5,
AV (Ryus ™ Tpe? 2V (dus — 2Ry, COV Oaus
+ Ry V (a)us) C ()

a similar expression for V (R,,)y.s and

. 1 S . .
cov. (R!/nR.m)U.S R~ J-) % -(COV. (ylxl)U.S

2w 20 |

— R,, cov. (Ja%1)u.s

— R,, cav. (5’15’ 2u.s

o RyuR.y COV. (Fofo)u.s} (15)
and variances and covariances can be substituted from equations (11)
~and (12) in (13). o
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To compute ¥V (R,.)vs and I7(Ryw)s, we follow the' systematic:

procedure given in Rao (1958), and form variance tables of ¢ y;” and ¢ y, ’
to get V ( s, V (P10)s and I}()')g)u,s and V (Fay)s, and covariance

table of ‘y’ and ‘y,’ to get- cov. (1 P2)us and cov. P10V 20)s
and substitute these values in equations (14) and (9). Similarly

for ¥ (R,)u-s and ¥ (R.)s- To compute cov. R, R.)us and
cov. (R,sR,0)s» We form covariance. tables of ‘y,” and ‘x;°, ‘y,’
and “x,’, ‘y,” and ‘x;’ and ‘y;’ and ‘x,’ to get cov. (}1 Xu.s
and COV. (y¥)s, COV. (B %dus and Cov. (FauFar)ss COV. (FeFys

and cov. (Paw¥10)s and cov. (P1X2)y.s and dov. (P1w¥aw)s respectively
and substitute these values in equations (15) and (10).

SUMMARY

The use of double ratio estimate to estimate the ratio of class I
to II trees when previous complete enumeration data aré available
is illustrated. Double sampling is used for trees of the lower diameter
class. The estimate and the variance for mean number of trees of
lower diameter class utilising the supplementary information of the
number of trees of higher diameter class, or the previous complete
enumeration data or both are given. Efficiency of stratification for the
double ratio estimate of the ratio of class I to II trees is also considered.
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