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In a two-stage stratified procedure for sampling 
herbage yield, plots are stratified by a pin frame in 
stage one, and clipped. In stage two, clippings from 
selected plots are sorted, dried, and weighed. Sample 
size and distribution o f  plots between the two stages 
are determined by equations. A way to compute the 
effect of number of pins on the variance of estimated 
herbage yield has been developed. It was tested by 
uslng a sampling budget and a simulated population of 
Brot~z~ is  tizollis (soft chess), and worked reasonably 
well with other annual plant populations. But appli- 
cation to other plant communities should be made 
with prudence. 
Osfordt268.5-015.5. 
Rerrie~~al  Tern~s:  range sampling: herbage yield; sta- 
tistical samples; two-stage sampling; San Joaquin Es- 
periniental Range. 

Conrad and O'Reganl recently reported that two- 
stage stratified sampling using a pin frame at the first 
stage can result in a 15 percent reduction in the vari- 
ance of estimated mean weight compared with simple 
rand0111 sampling with tlie same budget. In that study - 
a simulated population of Broi?zus nzollis (soft chess) 
and a budget of 6000 man-minutes were used in the 
example. 

In two-stage stratified sampling with a pin frame, 
plots are chosen at random for the first-stage sam- 
pling. At each plot the frame is mounted, the pins 
lowered, and the number of pins touching soft chess 
(or bare ground near soft chess) is recorded. These 
"hits" (from 0 to 8 in the example) are used to form 
strata. All plots are clipped and bagged at the first 
stage. At the second stage, herbage from plots chosen 
at random in each stratum is sorted, dried, and 
weighed. 

Using tlie appropriate formulae (given below) an 
estimated mean and estimated variance of tlie mean 
are calculated. 

The question naturally arises, what is the cost ef- 
fective number of pins to be used in the frame? 

From the earlier study, we know the variances at 
zero and eight pins. In this note, using the same simu- 
lated soft chess population, we determine minimum - 
variances for 1 through 7 pins. 

r 
In reducing from p + 1 to p pins per frame, tlie pin 

to be removed is chosen at random. Tlie following 
definitions were used in developing this procedure for 
computing variance: 

p = number of pins after reduction by one pin, 
0 5 ~ 1 7 .  

11 = number of "llits," stratum name (number), 
0_<11<p. 

IT,,, = proportion of element in hth stratum when 
there are p pins per frame. 



Oph = the population mean weight per element in 
the hfh straturn when there are p pins per 
frame. 

oPh2 = the variance of weight per element in stratum 
h when there are p pins per frame. 

The following relationships are implied. Define 

Then, 

Sequential application of these formulae to the 
simulated stratified population of soft chess (table 1) 
produced the eight simulated stratified populations 
for O_<p<7 (table 2). 

For p pins (p + 1 strata) the relationships 

2 -  2 continue to hold, and Bp -- 6 and o = o , as they 
must. 

Other definitions are: 

A = number (large) of elements (plots) in the 
population 

Np = number of plots chosen at random from A 
Nph = observed number of plots in hth stratum, p = 

number of pins 
Mp = number of plots chosen from Np for second 

stage sampling 

Mph = number of plots chosen at random from Npll 
for second stage sampling, p pins 

Wphi = weight of the given species on ith element, 
ht" stratum, p pins 

CN = cost per plot for first stage sampling2 
C, = cost per plot for second stage sampling 

B = MpCM + NpCN = budget, constant over all p 

Travel time between plots is so small that it is 
assumed to be zero. 

An unbiased estimator for 8 is given by 

with variance 

which is a minimum when1 

N, = 
B , / v p ~  /CN 

(4- + d-1 
which implies 

Optimum allocations of a budget of 6000 man- 
minutes for 0 5 p < 8 were developed, and the re- 
lated Mp and Np as well as the resulting minimized 
variance of op were computed (table 3). After three 
pins per frame-and certainly after five pins per 
frame-the variance of the estimator shows only slight 
reduction. 

In practice, Mph and Np will be rounded to inte- 
gers and Mph 22. In our experience, however, these 
constraints would not seriously affect the answer. 

APPLICATION 

Although the results presented here are peculiar to 
the situation described in the example, we have found 
that the procedure applies reasonably well to other 
populations of annual plants at the U.S. Forest Ser- 
vice's San Joaquin Experimental Range, in central 
California. We suggest however, that application to 
other plant communities be made wit11 prudence. If 



the method at stage one 1s not based on a pin fiarne NOTES 
or IS not analogous to  a prn-frame method, the results 
of thls note may not be applicable. ' ~ o n r a d ,  C. Eugene, and William G. O'Regan. 1973. Two- 

stage stratified samplmg to estimate herbage yield. USDA 
Forest Service Res. Note PSW-278, 5 p. Pac~fic Southwest 
Forest and Range Exp. Stn. Berkeley, Cahfornia. 

 or CN throughout this paper, please read CpN. 

Table 1 -Simulated population values for Bromus mollis obtained from 310 plots measured b y  
using a two-stage stratified sampling procedure a t  tlte Sun Joaquin Experimental Range, Gzlifornia 

I 
r18h = proportion of the population in the hth stratum. 

l ~ x l l  = actual mean weight in grams/element in the hth stratum. 
3 
ugh = variance of the hth stratum. 

Parameter 
1 

I1 8 11 

Table 2-P0/1rrlatiot1 parattierers for rritre strarifi.ed poptrlatiorrs hosed o t ~  rlre sirr~rrlated Bro 
mus mollis poptilatiotr of  tahle 1; trrrrnher o f  srrara ( p  + I ,  where p is [Ire titrrizher o f  pirrs per 

Strata (11) 

0 

Table 3-Ntr t i~he~ of  pins pcr fintlrc ([I) ,  irrrit cosrs a/  first nrid .scjc,otrd s r n ~ e  (CN,ChT), 
opiinrrrtir tirrr?rher o f  plots at f i s t  ar~d sccotrd stagc (Nl,,hII,) arrd re,strltitr,~ t~iirritirr~t~r ~wriaricc 
(t?ritr ~ ( 0 ) )  for rlic .siri~rtlared stratified poprtlarioris of  Bromus niollis o f  rohlc 2. 

0.289 0.212 0.161 0.121 0.088 0.061 0.039 0.021 0.008 1.000 

1 

nlin V ( i p )  

3 2 

Opt. M P  P 

0 
1 
2 
3 
4 
5 
6 
7 
8 

4 

0 68 0 88 0.368 
1311 2 68 25 8 84 ,352 
18/12 6 8 287 8 2 ,336 
23/12 6 8 29 1 80 ,326 
2811 2 6 8 286 7 8 .320 
33/12 6 8 278 77 ,316 
3811 2 68 27 0 7 6 .314 
4311 2 6 8 26 2 74 ,313 
4811 2 68 25 5 73 .312 

c N 

5 

c M Opt. N,, 

6 Total 7 8 
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