
NFI parameter estimation
Selection of practical topics based on Czech NFI2 experience

Radim Adolt
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R. Adolt (ÚHÚL, ACNIL Kromě̌ŕıž) NFI estimation Forest Inventory Statistics 2 / 17



Accuracy of one- and two-phase estimators

Problem description

(quasi-)systematic (spatially restricted) designs used by most NFIs

conservative URS based estimators regularly applied

overestimation of variance due to spatial correlation

two-phase variance estimation based predominantly on residuals
having reduced spatial correlation

different levels of conservativeness between one- and two-phase

true effect of two-phase approach usually overestimated
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Area for the simulation study



Demonstration of three CSS samples



Variography - based on simulated URS samples



Estimated and empirical variances (one- and two-phase)



Estimated and empirical effects of two-phase approach



Accuracy of one- and two-phase estimators

Proposed solutions

Do not trust URS variance estimators blindly!

Use alternative variance estimators - possibly suited for particular
design [Cordy, 1993, Cordy and Thompson, 1995, Stevens and Olsen,
2003, Cooper, 2006]...

Explore spatial correlation for very important target parameters
(limited number of such parameters).

The problem seems to be reduced in case of ratio estimation - based
on Taylor approximation a residual variable is constructed and used
for variance estimation in one-phase setting.

Lower risk is expected for means over homogeneous domains with
relatively small range of spatial correlation - e.g. per hectare growing
stock calculated as the arithmetic mean of local density over
inventory points belonging to stocked area.
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Confidence intervals and central limit theorem

Problem description

probability distribution of an estimator is assumed to be normal

most local densities (untransformed) are not normally
distributed - very often they use to be right skewed

estimators are sums of local densities, additionally multiplied by
other quantities (often constants)

normality assumption is justified by Central Limit Theorem (CLT)

URS estimators are sums of equally distributed and independent
random variables
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Confidence intervals and central limit theorem

Problem description

for non-normally distributed estimator coverage of the normal
based confidence interval does not fit its nominal value

standard CLTs hold for “reasonable” sample sizes and URS design
CSS (Centric Systematic Sampling)- lack of independence, strong and
weak mixing theorems applicable see Iachan [1983]
TSS (Tesselated Stratified Sampling) - local density in each of the fixed
strata has potentially different distribution (e.g. mean and/or variance),
convergence to normality reported in Barabesi [2003]

no general rule for minimum sample size to safely trust in
normality convergence due to CLT
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Empirical coverage, Prague county (124 tracts, 248 plots)



Normal Q-Q plots for simulated estimates



Confidence intervals and central limit theorem

Proposed solutions

minimum sample size rule by Cochran [1977, equations 2.69, 2.70,
page 42] - tested by simulated sampling followed by one-phase estimation of total

growing stock (Czech NFI1 sampling design - quasi-systematic), if minimum sample size

was fullfilled, minimum coverage (94%) was almost always fullfilled, otherwise it was met

in more than 80% of cases (conservative estimators of variance)

ratios and two-phase estimation - normality more frequently
reached because residuals use to be symmetrically distributed

R. Adolt (ÚHÚL, ACNIL Kromě̌ŕıž) NFI estimation Forest Inventory Statistics 14 / 17



Minimum sample size after Cochran [1977]

Cochran recommended following:

nmin ą 25G 2
1 , (1)

where G1 is Fisher’s skewness and nmin is the minimum sample size.
Applicable for data that deviate from normality by skewness only.
Equation (1) is designed to reach at least 94% coverage when 95% is
nominally required.
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