
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



Small Area Estimation 

VIa 

Generalized Linear Models. 

A thesis presented in partial fulfillment of the requirements for the degree of 

Doctor of Philosophy 

In 

Statistics 

At Massey University, Pahnerston North, New Zealand. 

Alasdair D. L. Noble 

2003 



��"I·�"· �I� Massey University 
� COLLEGE OF SCIENCES 

INSTITUTE OF INFORMATION 
SCIENCES & TECHNOLOGY 
Private Bag 11 222 
Palmerston North 

8."-.,�'> le Kunenga 

CERTIFICATE OF REGULATORY COMPLIANCE 

This is to certify that the research carried out in 
the Doctoral Thesis entitled 

Small Area Estimation via Generalized Linear Models 

in the 
Institute of Information Sciences and Technology 

and 
Statistics Research and Consulting Centre 

at Massey University, New Zealand 

New Zealand 
T 64 6 356 9099 
F 64 6 350 5750 
www.massey.ac.nz 
www-ist.massey.ac.nz 

Integrated research and 
teaching in the fields of 

.. Statistics 
-Computer Science 

-Electronics & InfoComm 
Engineering 

(a) is the original work of the candidate, except as indicated by 
appropriate attribution in the text and/or in the acknowledgements; 

(b) that the text, excluding appendices/annexes, does not exceed 
100,000 words; 

(c) all the ethical requirements applicable to this study have been 
complied with as required by Massey Universit y, other 
organizations and/or committees which had a particular association 
with this study, and relevant legislation. 

Please note Ethical Authorisation coders) were not applicable. 

Candidate's Name: Alasdair Dewar Lowe Noble 

Signature: 

Supervisor's Name: Dr Stephen Haslett 

Signature: � 

Date: l� / n./. 09-

Date 



�I' Massey University 
� COLLEGE OF SCIENCES 

CANDIDATE'S DECLARATION 

INSTITUTE OF INFORMATION 
SCIENCES & TECHNOLOGY 
Private Bag 11 222 
Palmerston North 
New Zealand 
T 64 6 356 9099 
F 64 6 350 5750 
www.massey.ac.nz 

www-ist.massey.ac.nz 

Integrated research and 
teaching in the fields of 
.. Statistics 
"Computer Science 
-Electronics & InfoComm 

Engineering 

This is to certify that the research carried out for my Doctoral thesis entitled: 

� 

"Small Area Estimation via Generalized Linear Models" 

in the: 

Institute of Information Sciences and Technology, 
and Statistics Research and Consulting Centre 
Massey University, 
Palmerston North, 
New Zealand 

is my own work and that the thesis material has not been used in part or in whole for 

any other qualification. 

Alasdair Dewar Lowe Noble 

Signature 

\ le Kunenga 



·�"I'�· �il Massey University 
� COLLEGE OF SCIENCES 

INSTITUTE OF INFORMATION 
SCIENCES & TECHNOLOGY 
Private Bag 11 222 
Palmerston North 

.a, 

SUPERVISOR'S DECLARATION 

New Zealand 
T 64 6 356 9099 
F 64 6 350 5750 
www.massey.ac.nz 
www-ist.massey.ac.nz 

Integrated research and 
tea ching in the fields of 
• Statistics 
• Computer Science 
• Electronics & InfoComm 

Engineering 

This is to certify that the research carried out for the Doctoral thesis entitled "Small 

Area Estimation via Generalized Linear Models" was done by Alasdair Noble in the 

Institute of Information Sciences and Technology, and the Statistics Research and 

Consulting Centre, Massey University, Palmerston North, New Zealand. The thesis 

material has not been used in part or in whole for any other qualification, and I 

confirm that the candidate has pursued the course of study in accordance with the 

requirements of the Massey University regulations. 

Supervisor's Name Dr. Stephen Haslett 

Signature 

#�'\) le Kunenga 



Abstract 

Survey information is commonly collected to yield estimates of quantities for large 

geographic areas, for example, complete countries. However the estimates of those 

quantities at much smaller geographic areas are often of interest and the sample 

sizes in these areas are generally too small to give useful results. Small area 

estimation is used to make inference about those small areas with greater precision 

than the direct estimates, either by exploiting similarities between different small 

areas or by accessing additional information often from administrative records. 

The majority of the traditional small area estimation methods are examples of a 

simple linear model Marker (1999) and this work begins by extending the model to 

a generalized linear model (GLM) Nelder and Wedderburn (1972) and then 

including structure preserving estimation (SPREE) in the classification. This had 

not been done previously. 

SPREE had previously been fitted using the iterative proportional fitting algorithm 

Deming and Stephan (1940) which could be described as a "black box" approach. 

By expressing SPREE in terms of a GLM an alternative algorithm for fitting the 

method is developed which elucidates the underlying concepts. This new 

approach allows the method to be extended from the contingency table with 

categorical variables which the IPF could fit, to continuous variables and random 

effects models. An example including a continuous variable is given. 

SPREE is a method which uses auxiliary information as well as survey data. In the 

past assumptions about appropriate auxiliary information have been made with 

little theoretical support. The new approach allows these assumptions to be 

considered and they are found to be wanting in some cases. 



An example based on a national survey in New Zealand for unemployment 

statistics, is used extensively throughout the thesis. These data have characteristics 

that make analysis in the Bayesian paradigm appropriate. This paradigm has been 

applied and a conditional autoregressive error structure is considered. 

Finally relative risk models are considered. It is shown that these could have been 

fitted using the IPF algorithm but the new approach allows combinations of other 

modeling techniques which are not available using IPF. 
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