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Many spatial statistical models are described by the interaction among variables on the
space. For the likelihood based method, difficulty arises since the normalizing factor of
the Gibbsian equilibrium distribution is usually not numerically feasible. To overcome this
difficulty, many efforts have been made since 1970s. These can be classified into three

categories:

1. calculation of the normalizing factor by Markov chain Monte Carlo (MCMC) inte-
gration for the likelihood procedures;

2. numerical iteration procedures converging to the maximum likelihood estimate (MLE);

3. proposal and theoretical studies of alternative estimators such as the maximum
pseudo-likelihood estimator (MPLE).

Relating to the first category at least two methods exist in the literatures. They are
the method proposed by Ogata and Tanemura (O-T) and the method proposed by Jerrum
and Sinclair (J-S). Special versions of the J-S method are used by statisticians before the
proposal. The O-T method has been developed because they knew that the J-S type method
was not effective for a high dimensional integration. However, it seems that its merit is not
yet widely perceived. Some researchers even claim superiority of the J-S method over the
O-T method based on some mathematical assumptions. In chapter 1, simulation studies
are extensively carried out to compare the efficiency and accuracy of the two methods
using different kinds of spatial statistical models, namely, an Ising model, a Gauss Markov
random field model and a pairwise interacted point field model. In particular, the effect
of the size of the models which corresponds to the dimensionality of the integration is
examined. According to the simulation results, the O-T method is better than the J-S
method, and their difference becomes large as the interaction of the model gets strong or
the size of the model increases.

Concerning the second category, the stochastic approximation seems to prevent the it-
eration procedures from stable convergence to the solution, meanwhile the intensive com-
putation is required for each step. Therefore, a good initial estimate ought to be sought
for fewer iteration steps to converge. Thus the MPLE is considered to be the input of the
Newton-Raphson transformation to examine the efficiency of the output estimate relative
to the MLE. In chapter 2, this is implemented by using the gradient and Hessian of the
log-likelihood function which are estimated by the MCMC method. It is revealed that,
for the parameter range up to the strongest interaction, the MPLE is a good initial value
to produce the efficient estimate towards the MLE by the single step Newton-Raphson
transformation. This is examined by lodking at the values of the new estimator and the
corresponding log-likelihood values, as well as the biases, standard deviations and efficiency



values of various estimators. In addition, in the case of the spatial point processes, the
proper MPLE is proposed and its performance is compared with that of the conventional
MPLE used in the literature. It is revealed that the proper MPLE is substantially better
than the conventional MPLE, especially when the size of the sample is small.

In chapter 3, an alternative transformation formula instead of the Newton transformation
formula is studied. Simulation results for an Ising model and a pairwise interaction point
pattern model show that the new transformation gives results better than those by the
Newton transformation in some cases of strong interaction, while in the cases of weak
interaction both transformations give estimators very close to the MLE. This exploratory
research proposes the consideration of the shape or good approximation of the log-likelihood
functions in practice, and the use of the corresponding good transformation formula in
searching the maximum likelihood estimator by the MCMC approach.

The initial value is known important to ensure the efficient searching of the MLE ac-
cording to the research of chapters 2 and 3. In chapter 4, as to the third category, a
generalized pseudo-likelihood and the maximum generalized pseudo-likelihood estimator
(MGPLE) for various Markov random fields on lattice are proposed. The MGPLE is a
class of estimates connecting the MLE and MPLE, which is defined by the product of con-
ditional probabilities (or densities) of random variables at an adjacent sites on the rest of
random variables. Their performances are examined by simulation experiments for an Ising
model and a Gaussian Markov random field model. According to the simulation results,
the MGPLEs are clearly better than the MPLE, and their performances become better as
the size of the taken adjacent sites increases, and their calculation is as easy as the MPLE
as long as the size of the taken adjacent sites is not too large.
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