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How manyacansare underan oaktree?



Standad estimato of total is

=M _f‘lyi wheren = 144 M = 9
| =

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

But whatis its vaiance?

Two framewrksfor inference:

1) Desigrbased Assumeainobservedray of y's is xed, andonlystochas-
ticity is dueto sampling

2) ModelbasedAssume's are a singlerealisatioriroma super-population
of possiblearrays

But, for systematicamplingthereis no design-basednbiasedstimato
ofva(Tj T)



1. Design-basadference

If insteadwe hadsampleat random:

L n 2
N 1i:1(Yll ¥)%;

is an unbiase@stimato with (n j 1) d.f., where¥# is varianceof y array

0 1 1
va(fi T)=§1 I\/I§ M n?%; where %% =
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Fromrandomisationva(T j T) = y'Qy, with y arrangedasvecta
For randomsampling

8i%i%i%i?s: :
i % 8 i%i%i%:

Q=45i%i2% 8i2%i?: 2 = 0:0062
i 5 i%i% 8;|2

Whereador systematicampling

ilil 8 il
iL, 8ilil 8§

Q=:iLiL 8iLi1l
8 ilil 8 i1l

Inthe absenceftrend,andif \covaiances'tdecg with distancesystematic
samplings mostezcient(Bellman,1977)
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For this problemwe knaw the truth, a completecensus:

T = 85306@acans

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

Sowe canconducta simulationstudy
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samplinglesign rmse

systematic 2000
random 8900



samplinglesign rmse P v d.f. 95%c.width

systematic 2000
random 8900 8900 143 35000



Two othertypesof desigrnwith unbiase@stimates of var(T j T):

replicatecsystematic strati ed

df.= 3 d.f. - 5 (Satterthvaite, 1946)



samplinglesign rmse v 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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P—

samplinglesign rmse v 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 couldpretendsystematiadesignvasoneof otherthree,to obtainva
If we believathe systematicesigns the mostexcient (Bellman,1977)

But If thereare trendsit may not be!
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For examplelf the datawereelevationssuchas:

samplinglesign rmse P va d.f. 95%c.width
systematic 370

4-repsystematic 380 380 3 2300
2-samplestrata 110 110 10 500
random 410 410 143 1640
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2. Model-basethference
Modelfor trend

3

_ 1:loqar 6 f——— —
fi = “1exph %g”S' %1 whererj ='(ii 292+ (i 9?
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Fit by maximisingPoissorquasi-liklihad, * (ylogf i f), andTy = * fj
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samplinglesign rmseT rmse{ f)

systematic 2000 2000
4-repsystematic 2600 2000
2-samplestrata 3600 2800
random 8900 3600
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Isotropicexpnentialmadel for autacarelationof erras, estimatedfrom
standadisedresidualge = (yj f)="f)

1.0

0.5

correlation

-0.5

distance

Obtainy, usingbestlinea predicto of unobserveds, andT¢ = ¥ii
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samplinglesign rmseT rmse( f) rmse( ¥

systematic 2000 2000 2100
4-repsystematic 2600 2000 2000
2-samplestrata 3600 2800 2700
random 8900 3600 3400

Estimateva(Tcj T) by simulationusinga paametricbootstrap
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3. Summsay

For design-basadferenceavith acon data:

2 Systematicamplings unknavably most precise. In absencef trend,
otherdesigngiveconservativestimates

2 4-repsystemati@and 2-samplestrati ed designgroduceshatest con -
dencantervals

Model-basedihferenceeduceslesigre®ectsbut at the costof subjective
assumptions
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