
John E. Mitchel l t

ano

Charles R, Hatch

College of Forestry, Wildlife, aod Raoge Sciences

University of Idaho

Moscow, Idaho 83843

Use of Polar Coordinates in Random Sampling'

Abslract
A method is presented that allows field workers to locate rando-m points quickly rhrough the con'
version of Cartesian coordinates to polat cmrdinates using a gxkct calculator'

lntroducl ion

In sampling natural populations for a given attribute (e.g., density), randrxr-rness must

be introduced into the sample design if estin-rates of effor afe to be assessed and valid

coflclusions obtained. This concept of rafldomoess is now generally accepted by ecologists

There are oumerous examples every yeaf in ecological research, however, in which

samples are collected using either a coovenience or a judgment selection ptocess (Lapin,

1975) irl spite of the limitadons inherent in such a strategy. Patamount among the

justifications for such sampling is the apparent belief that, in some citcumstaoces,

estimates of the mean will deviate less from the true value than compatable estimates

given by randorn samples ( Greig-Smith, 7<)64), and a convictioo that random samp'

Iing is too complex and time consuming (Cochran, i963).

In this paper, we preseqr a simple method thar allows a field worker to locate samp-

ling points using a systernatic technique; i.e., by moving a given distance (r) in a

given direction (r,). This technique diminishes the basis for tire argumenc againsr

random sampling that it is inefficient. The other criticism, less deviatioo from the

mean, has been shown to be ooly marginally valid at best (Bourdeau, 1951).

l(hen a population is being sampled randomly, every possible sample poinc in

the population has an equal probability of being selected. Accomplishment of this

goal is not as elementary as is sometimes believed. For example, the customary manner

of throwing a quadrat io some arbitrary direction as a way of achieving random ob'

senations is ineffectual (Greig-Sn.rith, 1964). A systematic raodom sample, in which the

first sample point is selected randomly and the remainder are chosen at even-spaced intet

vals, is also prone to sampling bias, especially if the inten'al coiocides with natural

periodic variation ( Cochran, 1963).

One way to obtain random samples has been through the use of Carcesiao coordinates.
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This function requires that orthogonal axes be construcred in a manner thar a1l pos-
sible sample points in the population are contained in the plane defined by the two
axes. To locate a sample poinr, a value is randomly selected for each axis. The sample
point is theo located by going along one a-ris to the value chosen {or it and then tra-
r.ersing at a right angle a distance equal to the value selected for the second axis- It is
generally necessary to return ro the first axis or the origin of the two axes before
locating the next sample gtior. Thus, substantial time and effort are wased berween
location of sample points.

Conversion lo Polar Coordihales
An alternative way of defining rhe location of poinrs on a plane is rhrough the use
of polar ccrordiqates. Using this system, the location of a point is defined in terms of a
distance from che origin (r) and a directed angle from an ioitial ray emitting from
that origio (e)- The following equations aod Figure 1 illusrrate the relatiooship
between Cartesian and polar coordinates.

x : f  cos  u

Y: r  s in  e
Thus,

r-fa -r rz- ( 1)
e-tao-1y/x (2)

*'hete: x and y are Cartesian coordinares
r is rhe distaoce from the origin (0,0) ro the point defined by Cartesian

coordi[ates ( x,y)
Cl is an angle berween 0 and 90 degrees.

Although a sample point locatioq is defined with respect to a Canesian cqudinate
system, polat coordinates could be used to define the location of rhe next sample point
in terms of the lxation of the curreot sample point. Thus, ao individual need not
leturn to an axis or the origin of both a-res before locating rhe oext sample point, rvhich
could result in a substantial savings of time and effort.

The Iocation of the next sample point in terms of the locatioo of rhe cutrenr
sample point can be accomplished in the following maoner and is illustrated in Figure
2. The horizontal and vetical distance between the locarioo of the current and the nexr
sample point can be computed as follows:

Ay :  y j . 1 - y j

( 1 )
( 4 )

wherei (xr-r y:.r) is rhe Cartesiao coordinare associated with the next sample
poiot locaflon.

(x:, y;) is the C-artesian coordinate assxiated wich rhe currenr samplc
poinr locarion.

Equation 1 cao be used to express Ix and Ay in terms of a 1lrrlar cootdinate distance
(r). Equation 2 aod Table 1 can be used to define a bearing (a) from the current
sample point location ro the next sample point location. This table assumes magoeric
north is used as the inirial ray. Therefore, the angle being measured is with respecr ro
rhe verticd axis of the Cartesian coordinate svstem (Fie. 2).
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TABLE 1. Computation of the bearing from the current sample point location to the ne{t sample
point l()Cation.

The bearingIf the sign of

computed uslng
equation 3

positivc

negatlve
positive

v
computed usrng

is
ltositive
POSltlve
negarve

is
A12

1801 lo
180  -  t o l
160 - sL

lAzimuth in degrees.
lAbsolute valuc of € computed using Equation 2.

North
Abscissa (x)

3600

East
Ordinate {y l

900

'i!38

Figure 1. Ixample of relationship berween polar and Cartesiao coordinate sysrem fof two Points
ia the lst and lnd quadiats. respectively.

Sample Poinl Localion Generation

If every possible sample poiflr in the populatioo is to have an equal probability of
selection, values along rhe X and Y axes must all have the same chance of being
selected. This can be accomplished through the use of a mndom number table. A p<xket
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Figure 2. Geometric depictior of use of polar coordinates to locate the next sample point with
resper-r ro rhc prerenr <ample poinr.

calculator is also calmble of gensratinli uniformly distribured pseudotandom numbers.3
The numbers lie in the interval 0 to 1 and are geoerared through the use of the fol
lowing recurrence reladonship (Martin, 1968 ) :

Ut*t -KUi

where :  K :8 t  I  l
t is a positire nonzero Inreger
U1 is the last decimal oumber generaced between 0 aod 1.

\fhen initialized it should be an odd valuc.
Ui,r is the leasr significant lnrr of K.Ui aod is the next deci-

mal number generated between 0 and 1

By multiplying U times the length of a Cartesian axis (X), a value along rhe X axis
is randomly generated fuom a unifirrm distribution.

JHewlett-Packard HP'.15 Application Bqrk. Hewlett-Packartl Co.. 1974. p. i6j.

x .
l
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Sample Point Location Procedure

The preceding relationships enable a field worker to geoerate his next sample point
location raodomly and walk directly to it from his curent location. To perform rhe
necessary calculations, a pocket calculator with ar leasr ao arcrangeot and squate root
function key and one consrant sotage legister is required. The procedurq which is
presened io detail in Table 2, entails generating rhe Canesian coordioares associated
with the next sample poinr location and c.mputing both the distance and the beating
to the rrext sample point location. I7ith this informarion, the individual can proceel
to the next sample poiot lcxation. The disrance can be paced or, preferably, rneasurecl
with a tape and the bearing maintained through rhe use of a hand compass.

TABLE 2. Procedures for the selection and locatiod of the next samole ooint-

q r . -  F ^ . , 4 r i , . n

No. No.

1
2
l
1
j

6

9
1 0
1 1

tl

)

Oiscussion and Conclusions
The technique described above is not without limitations. Ruggal terraio and/or
heavy ovetstory vegetatiol could preclude locating predetermined sampling points by
a sighting and paciog system. However, such condirions would also preclude the ground
Iocation of predetermined sampling poinrs by alternative poinr locatioo procedures.

The magnitude of any biases which might be inherent in using a pola-t coordinate
system in comparison with a Cartesian coor(linate syscem has nor yet beeo assessed.
One would expect to find no difference since similar measure problems exist with both
methods- Fufthefmore, regardless of the system used, measurement to sample point
locations need not be exact to retain the principle of randomress (Greig-Smith, 1964).

It is possible to generate random values of r and o directly using procedures set
{onh in this paper. However, it should be noted rhar if sample grint locations are se-
Iected using values of r and r.t randomly generated in rhis manno, not all possible sarnple
poinr kxations have the same probability of selection. Consequendy, rhar merhod is
not fecommended.

This procedure works x'ell for areas which are rectangular or squate in shape. ft is
possible to implemeot the procedure io areas of other shapes, but randomly selected
sample point l<xarions falling outside rhe alea must be rejected. Frequent replace-
rnent of rejected sample point locations can nake the ptocedure some.rvhat inefficienc-

Description

Generate the next value of U (U;,1)

Compute xi,1 - U,,r . (maximum vaiuc of the x axis)

ceneratc the naxt value of U (U1-2)

coml)ute yj*t = Ui.' . (naximum valuc o{ the y axis)

C.mpute Ax

Compute ry

Compute O

Use Tablc 1 and results of Steps i, 6, and 7 to compurc cc

Compute r

Proceecl to the next sample point iocation

If anothcr sample point location is desired, repeat Steps 1 through

1 0 .
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If the atea being sampled is large or has an irregular boundary, considerabie rime mighr
be saved through selecting random coordinates io advance and ordering rhem in a
sequence, thus minimizing the roral distance traveled. For large sample sizes, a com-
puter-generatd numerical solution would be best ( Ashtey and Beers, 1972).
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