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How manyacornsare underanoaktree?
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Standard estimator of total is

T̂ = M
nX

i=1
yi wheren = 144; M = 9

(NB We are onlyinterestedin the total, not in interpolatingy's)

But what is its variance?

Two frameworks for inference:

1) Designbased:Assumeunobservedarray of y's is ¯xed, andonlystochas-
ticity is dueto sampling

2) Modelbased:Assumey's area singlerealisationfroma super-population
of possiblearrays

But, for systematicsampling,thereis no design-based,unbiasedestimator
of var(T̂ ¡ T)
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1. Design-basedinference

If insteadwe hadsampledat random:

v̂ar(T̂ ¡ T) =
0

B
B
B
@1 ¡

1
M

1

C
C
C
A M 2n¾̂2; where ¾̂2 =

1
n ¡ 1

nX

i=1
(yi ¡ ¹y)2;

is anunbiasedestimator with (n ¡ 1) d.f., where¾2 is varianceof y array
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Fromrandomisation,var(T̂ ¡ T) = yTQy, with y arrangedasvector

For randomsampling

Q =
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² = 0:0062

Whereasfor systematicsampling
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In theabsenceof trend,andif \covariances"decay with distance,systematic
samplingis moste±cient (Bellman,1977)
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For this problemwe know the truth, a completecensus:

T = 85306acorns

(Approximated from Aubry and Debouzie,Ecology, 2000.)

Sowe canconducta simulationstudy
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samplingdesign rmse
systematic 2000
random 8900
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samplingdesign rmse
p

v̂ar d.f. 95%c.width
systematic 2000
random 8900 8900 143 35000
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Two othertypesof designwith unbiasedestimators of var(T̂ ¡ T):

replicatedsystematic strati¯ed

d.f. = 3 d.f. · n
2 (Satterthwaite,1946)
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samplingdesign rmse
p

v̂ar d.f. 95%c.width
systematic 2000
4-repsystematic 2600 2600 3 15000
2-samplestrata 3600 3600 12 16000
random 8900 8900 143 35000
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samplingdesign rmse
p

v̂ar d.f. 95%c.width
systematic 2000
4-repsystematic 2600 2600 3 15000
2-samplestrata 3600 3600 12 16000
random 8900 8900 143 35000

We couldpretendsystematicdesignwasoneof otherthree,to obtainv̂ar
if we believethe systematicdesignis the moste±cient (Bellman,1977)

But if thereare trendsit may not be!
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For example,if the datawereelevations,suchas:

samplingdesign rmse
p

v̂ar d.f. 95%c.width
systematic 370
4-repsystematic 380 380 3 2300
2-samplestrata 110 110 10 500
random 410 410 143 1640

12



2. Model-basedinference

Model for trend:

f ij = ¯ 1exp
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wherer ij =
vu
u
t (i ¡ ¯ 2)2 + (j ¡ ¯ 3)2
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Fit by maximisingPoissonquasi-likelihood, P (y logf ¡ f ), andT̂f = P f̂ ij
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samplingdesign rmseT̂ rmse(P f̂ )
systematic 2000 2000
4-repsystematic 2600 2000
2-samplestrata 3600 2800
random 8900 3600

14



Isotropicexponentialmodel for autocorrelationof errors, estimatedfrom
standardisedresiduals(ê = (y ¡ f̂ )=

s

f̂ )
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Obtainŷ, usingbest linear predictor of unobservede's, andT̂c = P ŷij
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samplingdesign rmseT̂ rmse(P f̂ ) rmse(P ŷ)
systematic 2000 2000 2100
4-repsystematic 2600 2000 2000
2-samplestrata 3600 2800 2700
random 8900 3600 3400

Estimatevar(T̂c ¡ T) by simulation,usinga parametricbootstrap
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3. Summary

For design-basedinferencewith acorn data:

² Systematicsamplingis unknowably mostprecise. In absenceof trend,
otherdesignsgiveconservativeestimates

² 4-repsystematicand2-samplestrati¯ed designsproduceshortest con¯-
denceintervals

Model-basedinferencereducesdesigne®ects,but at the costof subjective
assumptions
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