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Randomized branch 
sampling 

Randomized branch sampling (RBS) is a special 
application of multistage probability sampling (see 
Sampling, environmental), which was developed 
originally by Jessen [3] to estimate fruit counts 
on individual orchard trees. In general, the method 
can be used to obtain estimates of many different 
attributes of trees or other branched plants. The 
usual objective of RBS is the estimation of a total 
quantity for a tree or a branch, for example, woody 
dry matter or volume [5], leaf dry matter [2], or 
counts of tree-inhabiting insects [I]. RBS also has 
potential application in the estimation of attributes 
of river networks (see Rivers, canals and estuaries) 
and other branched structures. Here, our interest is 
restricted to the above-ground portions of trees. 

Terminology 

A 'branch' is defined as the entire stem system 
that develops from a single bud (lateral or terminril) 
and a 'branch segment' or simply 'segment' is a 
part of a branch between two consecutive nodes. 
No distinction is made between the segments of the 
main stem and side branches. The butt of the main 
stem of a tree is considered a node and the tree is 
considered a branch for the purpose of RBS. Terminal 
shoots are considered to be both branches and branch 
segments. Thus, any tree or branch can be defined as 
a population of branch segments. 

An 'object branch' is the object of the sampling, 
i.e. a branch (or tree) for which we need an estimate 
of the quantity of some attribute or characteristic. The 
segments that comprise the object branch constitute 
the population of elements from which we select a 
sample. The sample that results from RBS has been 
called a 'path'; it consists of a sequence of connected 
segments and, possibly, one subterminal branch. A 
path extends acropetally from the basal segment 

Ralldomization test see ComDuler- of the object branch to either a terminal slloot or 
I a subterminal branch. The subterminal branch nlaS il~tellsive metllods; Exact random- con,ain several segments, including multiple tcnninal . - - 

ization technique shoots (see Figure I ). 



Randomized brancl~ sampling 1683 

Figure 1 The tree diagrammed in (a) contains 27 pos- 
sible paths from the butt of the main stem to a terminal 
shoot (adapted from Figure 1 of Gregoire et al. [2] with 
permission from Ecology). The four branch segments of 
one possibIe path are shown in (b). RBS can be stopped at 
any node, in which case the entire branch [3 in example (c) J 
is treated as the terminal segment of the path. The sampling 
can be started from the butt of any branch on the tree [e.g. 
example (d)], in which case the resultant estimates pertain 
only to the entire starting branch (encircled), not the entire 
tree 

Path Selection 

The butt of the basal segment of the object branch 
is the starting point or first node of the path and 
the basal segment is the first segment of the path. 
If the object branch is purposely selected at the 
outset, then the probability of selection of the first 
segment of the path (denoted by ql )  equals 1. The 
first segment is followed acropetally to the second 
node where each branch emanating from this node is 
assigned a probability of selection, and one branch 
is selected at random by conventional probability 
sampling procedures. This selection fixes the sec- 
ond segment of the path. The probability of selec- 
tion of the selected branch is denoted by q2 .  The 
procedure is repeated until either a srrlall subtermi- 
nal branch or a terminal shoot is selected at the 
final (Rth) node with probability q ~ .  I f  the Sam- 
pling is terminated upon selection of a subtermi- 
nal branch, thcn thc c111i1-c subterminal branch is 

trcatcd as the tcrminal scgrnent of the pat11 ( s c ~  
Figure Ic). 

A selected path is a probability salnplc of rhc scg- 
ments comprising the object branch. Thc probabilitics 
of sclcction assigned to branches at nodcs arc, tcchni- 
cal ly, conditional probabilities because the sclcction 
of a branch at a node is conditional upon the pat11 
reaching the node from which the branch emanates. 
The unconditional probability of selection of the rlh 
branch segment of the path (Qr )  is 

More than one path may be selected, in which case 
the unconditional probability of selection of the rth 
branch segment of the ith of m > 1 paths is denoted 
by Qr(i).  

The probabilities of selection assigned to the 
branches emanating from each node along the path 
must sum to one. The probability of selection 
assigned to the bth of B branches at a node ide- 
ally should equal &/(XI 4- s + XB), where Xb(b = 
1, . . . , B) is the quantity of interest borne by the 
branch. Ordinarily, however, we cannot discern the 
quantity of interest; otherwise, we would not be Sam- 
pling. Commonly, the quantity of interest correlates 
with branch diameter (d), branch length ( I ) ,  powers 
of these quantities (dU or lv), or a product (dU x lv). 
For example, if the total dry matter, surface area, or 
count of leaves is of interest, then we may choose 
to calculate the probabilities from X = d2 because 
quantities of leaves borne by branches are known to 
be highly correlated with the diameter squares of the 
respective branches. Valentine and Hilton [4j used 
ocular estimates of the foliage borne by the respec- 
tive branches to calculate probabilites of selection 
for the objective of estimating leaf count. Ocular 
estimation is, of course, an option for any RBS 
objective. 

Estimators 

Within the population of branch segments that com- 
prise the object branch are subpopulations of branch 
scgtllents of order r ,  I-  = 1, 2, . . . , R', where R' is the 
longest possible path in terms of number of segmenrs. 
The rth si~bpopulation contains every branch seg- 
ment that could bc the r-th segmenl of any possil~le 
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path from a givcn starling node. Thc reciprocal of 
the unconditional probability of selection of thc rth 

'Thcsc various quantilics [nay be used for point or 
interval cstiruation of Y,  andlor Y,  as al,pro[xiatc. 

segment of the itfl path, Q,:, is an unbiased estimator 
of thc number of segments in the rth subpopulation. 
Let yr(i) denote the quantity of interest measured on 
thc rth segment of the ith path, and let Y, denote 
the total quantity of interest for ail the segments 
in the rth subpopulation. An unbiased estimator of 
Y, is 

A combined estimator averages across rn > 1 paths 
via - m 

In order to estimate precision it is necessary to 
select rn z ipaths. A sample-based estimator of the 
variance of Yr is 

Subpopulations may correspond to natural popula- 
tions of different ages. For example, many species 
of trees have more than one annual cohort of foliage. 

Let Y denote the total quantity of interest for all 
the segments that comprise the object branch. An 
unbiased estimator of Y based on the ith path is 

I 

and the combined estimator of Y is 

if an object branch contains N branch segments, the 
variance of F is 

The sample-based estimator of the variance of is 
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(See also Forestry; Multistage design) 
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