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The main ideas for time-series can be generalized to spatial settings. Assuming a

model  described through some parameters  have generated our observed

data, a fully parametric bootstrap procedure can be performed by simulating

bootstrap samples from  where  as usual is an estimate of . In many cases a

spatial model can be built up similar to (12.18), in that there is a structural com-

Because the luteinizing hormone in blood is always positive, we will make

a log-transformation when analyzing these data. A simple model on the

log-scale is an autoregressive model of order one, AR(1):

(12.18)

where for simplicity we assume  the first observation, has a distribution

not depending on the unknown parameters. In this model  is a center

value for the series while  measures the dependence between two sequent

variables. We assume  are independent normal variables, with

expectations zero and variance equal to  i.e.,  It is common

to assume  which can be considered as a kind of stability condition.

Maximum likelihood estimates in this case can easily be done with stand-

ard statistical software. For the given data, the estimates are shown in the

third column of Table 12.6. The upper part of Table 12.6 shows bootstrap

results using the semi-parametric bootstrap Algorithm 12.6. The lower

part of the table shows block sampling using  The results are quite

similar in this case, indicating that (any of the) results are trustworthy.
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Table 12.6 Output for analysis of the luteinizing hormone in blood samples 
using an AR(1) model. The upper part of the table corresponds to semi-paramet-
ric bootstrapping, while the lower part corresponds to block-bootstrap, see text.

Method
Para-
meter Estimate Bias SE

95% CI 
normal

95% CI 
percentile

semi-
parametric

μ 0.849 0.007 0.061 (0.730, 0.968) (0.735, 0.976)

ρ 0.563 –0.071 0.124 (0.319, 0.807) (0.229, 0.708)

σ 0.195 –0.006 0.020 (0.156, 0.233) (0.152, 0.227)

block 
bootstrap

μ 0.849 –0.002 0.040 (0.773, 0.929) (0.775, 0.935)

ρ 0.563 –0.090 0.106 (0.445, 0.862) (0.268, 0.670)

σ 0.195 –0.005 0.017 (0.158, 0.227) (0.170, 0.237)
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