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S.1 Default Value for The Influence of a Legacy Site

We derive a a useful default value for specifying o as a 2-dimensional problem. The
extension to other dimensions is discussed shortly. We choose o so that the area-of-
influence is equal to the average area for each sampling location (legacy sites and new
sites). To this end, let A be the total area of the study region and let A" = 4/n4L be
the average area represented by a sampling location. Choose radius r such that the area
of a circle around a legacy site is equal to A’, that is r = \/A'_/7r (here 7 is the usual
constant). We allow 95% of the influence for any legacy site to be within r of the legacy
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Note that this approach assumes that distances in all spatial directions are commensurate.

site’s location. That is

While extensions could be made, we do not as we aim to keep specification of designs
simple and having non-commensurate metrics would mean specifying more parameters.

We choose ¢ so that this relationship holds. In particular, we numerically solve
0=®(r;0) — P(—r;0) —0.95

for o, where ®(+;0) is the centred normal distribution function with standard deviation
.
Extension to more than two dimensions (or one dimension) proceeds by choosing 7 so

that it is now the volume of a (hyper-)sphere, that is for k—dimensions
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where I'(+) is the usual gamma function (see Abramowitz & Stegun, 1965, for example).
The remaining calculations follow the 2-dimensional case exactly, as the hyper-sphere is

assumed symmetrical in all directions.

S.2 Invariance to Ordering

Consider the inclusion probability for new location i after it has been adjusted for legacy

sites [ and [y, that is:

Tijint, = T, [1 — (1 — m,)h(7, l2)]
=m[1 — (1 —m)h(i, )] [1 — (1 —m,)h(i,ls)]
=m [1 — (1 —m,)h(i, )] [1 — (1 — 7, )h(i, )]
= T|lgly -
So, it is inconsequential which of the two legacy sites the inclusion probabilities are
adjusted for first. The extension to more than two legacy sites is immediate. The result

also shows that the adjustment of multiple legacy sites can be done in parallel (not

sequentially).
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S.3 Figures
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Figure S.1: Illustration of the simulation study’s setup. Left: The surface that is to be
sampled. Right: Inclusion probabilities for generating new sampling locations. Note that
the two surfaces are similar (both have maximum in top right and minimum in bottom

left) but are not proportional.

S.1 n =300 Simulation Study

https://www.nespmarine.edu.au/document/spatially-balanced-designs-incorporate-legacy-sites



http://onlinelibrary.wiley.com/doi/10.1111/2041-210X.12782/abstract

Execution Time
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Figure S.2: Results from Simulation Average run times. Left: Equal inclusion proba-

bility scenario. Right: Varying inclusion probability scenario. See Section 2.2 for details

on the simulation scenarios.
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Design-Based Estimation
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Figure S.3: Results from Simulation Average point estimates. Top row: Design-
based estimator using (2). Middle row: Model-based estimator using (4). Bottom Row:
Model-based estimator using (6). Left Column: Uniform inclusion probabilities and Right
Column: varying inlcusion probabilities. See Section 2.2 for details on the simulation

scenarios.
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Figure S.4: Results from n = 300 Simulation Average spatial balance over 100 simu-

lations for the different design types. Left: Equal inclusion probability scenario. Right:

Varying inclusion probability scenario. See Section 2.2 for details on the simulation sce-

narios.
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Figure S.5: Results from n = 300 Simulation Average execution time over 100 simu-

lations for the different design types. Left: Equal inclusion probability scenario. Right:

Varying inclusion probability scenario. See Section 2.2 for details on the simulation sce-

narios.
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Design—Based Estimation
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Figure S.6: Results from n = 300 Simulation Average point estimates. Top row:
Design-based estimator using (2). Middle row: Model-based estimator using (4). Bottom
Row: Model-based estimator using (6). Left: Uniform inclusion probabilities and Right:

varying inlcusion probabilities. See Section 2.2 for details on the simulation scenarios.
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Figure S.7: Results from n = 300 Simulation Estimated and actual standard errors.

The estimated standard error is the average, over simulations, of the estimated standard

error for that simulated data set. The actual standard error is the standard deviation, over

simulations, of the mean estimates. Top row: Design-based estimator using Stevens &
Olsen (2003). Middle row: Model-based estimator using (4). Bottom Row: Model-based

estimator using (6).

probabilities. See Section 2.2 for details on the simulation scenarios.
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