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Welcome
October 20 is the first World Statistics Day - inside 
we have a three-page spread on what some of  
New Zealand’s statisticians are working on today. 
We celebrate the outstanding result of  this year’s 
International Mathematics Olympiad team and 
interview the 2010 Forder lecturer, Ben Green, 
as well as one of  the NZIMA’s most recent PhD 
students. We hope you enjoy reading it.
Marston Conder and Vaughan Jones		
Co-Directors
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New Zealand’s International Mathematics Olympiad (IMO) team this 
year in Kazakhstan broke three New Zealand records. 

This was the first IMO in which all team members 
won medals, and the first with two silvers. 

Silver medallists were Malcolm Granville and Tom Yan 
(Auckland Grammar School), with bronze medallists 
Stephen Mackereth, (King’s College), Yuan Wang 
(Hillcrest High School), Robert Zhang (Auckland 
Grammar) and Sicong Zhang (Auckland International 
College). New Zealand also achieved its highest ever 

international ranking, 29th out of 97 
countries. 

Granville says it was a combination 
of an unusually strong team, well-
suited questions, and studying 
together.  Team leader Dr Chris 

Tuffley, from Massey University in Palmerston 
North, thought members’ own study and fortnightly 
Auckland training sessions helped, as did as did the 
extra experience from competitions during team 
selection. 

Professor Ivan Reilly, chair of the NZ Mathematical 
Olympiad Committee (MOC) since 1986, credits the 
Auckland sessions by Arkadii Slinko and PhD students 
and the gradual improvement among the top five 
percent of maths students.

While there were no girls in this year’s team, Reilly 
says New Zealand has sent more girls to the IMO 
than any other country. 

“We’ve had some outstanding girls in the team. In 
1991, when I was leader, Diane Maclagan was the 
third highest-achieving girl at the Olympiad.” She 
is now an Associate Professor at the Mathematics 
Institute at the University of Warwick. 

“Medallists often get offered scholarships by New 
Zealand universities, but those who do very well get 
offers from overseas, where they know that these kids 
don’t have the support available in other countries.”

The competition is not a level playing field, says Reilly. 
“In China they are trained for six months ahead of 
the Olympiad, and it’s unthinkable that they don’t win 
a medal! My friends who lead other teams ask ‘How 
come you do so well, when you have only four million 
people?’” 

He has just marked 200 papers submitted by 
candidates for the MOC’s annual January maths camp. 

Breaking
Olympiad

The best 24 get a week of maths in Christchurch, and 
compete for a squad of 12 who do more training. 
From them, next year’s IMO team will be chosen.

Contestants must be under 20 and not be registered 
in any tertiary institution. They sit two exams, each 
with three questions and each lasting over four hours, 
with no calculators allowed. Each problem is worth 
seven points, so a perfect score is 42. Problems 
are chosen from secondary school level geometry, 
number theory, algebra and combinatorics.  

Granville says he likes the way that IMO problems 
“can be incredibly difficult but only involve elementary 
maths. I learned a lot of new maths that I wouldn’t 
have been exposed to at school, made a lot of 
connections from other countries, and met lots 
of New Zealanders who are really interested in 
mathematics.” He hopes to study maths at 

records
our



Using Maths to 
Manage Weeds 
and Invasive 
Species

From possums 
to dandeli-
ons, mice to 
didymo, New 
Zealand has 
more weeds 
and invasive 
species than 
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See also  

www.nzamt.org.nz/nzimo/
www.imo-official.org/
http://hardproblemsmovie.
com/

ISSN:  1177-4819

Design: 
Jenny Rankine, 
Words and Pictures

New Zealand 
Institute of 
Mathematics and its 
Applications

Co-Directors
Marston Conder and 
Vaughan Jones 

Research Manager 
Margaret Woolgrove

c/o University of 
Auckland, Private Bag 
92019,  Auckland 1142

P  +64 (0)9 923 2025

F  +64 (0)9 373 7457

W  www.nzima.org

E  nzima-admin@ nzima.
auckland.ac.nz

1� university in 2011.

Tuffley competed in 1990 in China, where he won a 
bronze medal, and in 1991 in Sweden. “There were 56 
countries when I first went, now there are close to 100. 
We tried to meet a lot of the different teams after the 
competition and stayed up far too late.” 

“Going to the IMO made a big difference to me; it 
made me see mathematics as a really fun and exciting 
thing to do. Four of us went those two years in a row 
and got close; all four went into maths at university.” 

Tuffley enjoyed seeing the other side of the IMO 
as a leader. Country leaders make up the IMO Jury, 
which is separated from the students and forbidden to 

From IMO to PhD
New Zealand’s only IMO gold 

medalist (in 2002), Simon Marshall, 
centre, defended his PhD thesis at 

Princeton University earlier this 
year. He is pictured afterwards 

with NZIMA Co-Director 
Professor Vaughan Jones, left, 

and Professor Andrew Wiles of 
Princeton. Marshall’s PhD was 

titled ‘On the cohomology and 
quantum chaos of the general 
linear group in two variables’.

MATHEMATICAL EVENTS

22-25 November, Hanmer Springs  
2010 NZ Postgraduate Mathematics & 
Statistics Conference 
Shannon Ezzat, University of Canterbury,  
contact sez10@uclive.ac.nz

29-30 November, University of Auckland  
Annual Conference of the Operations 
Research Society of NZ 
www.orsnz.org.nz/#conference

7-9 December, University of Otago, Dunedin
Annual NZ Mathematical Society 
Colloquium  
http://nzmathsoc.org.nz/colloquium/home.php 

9-14 January 2011, Raglan
Annual NZMRI/NZIMA Summer 
Meeting, theme: Dynamical systems
www.math.canterbury.ac.nz/NZMRI2011/ 

6-11 February, Leigh 
Annual NZ Phylogenetics Meeting      
www.math.canterbury.ac.nz/bio/events/
leigh2011/ 

6-11 February, RMIT, Melbourne, Australia
2011 MISG Workshop  
www.rmit.edu.au/maths/misg

The team enjoys some 
outdoor combinatorics 
by the Otan Korgaushylar 
monument before the 
competition. Photo: Chris 
Tuffley.

communicate with them until after the competition. The Jury decides on the final questions, 
translations and marking schedules before competition starts. Team leaders then meet the 
host country’s six co-ordinating (marking) committees, one for each question, to agree on 
their team’s marks. The Jury then decides the cut-off points for medals. 

Tuffley hopes to lead New Zealand’s 2011 team to the Netherlands and 2012 team to 
Argentina.   Jenny Rankine

Crochet the hyperbolic plane

An exhibition of crochet in the hyperbolic shapes of various 	
 corals, called Seagardens Aotearoa, will open at the Estuary 

Arts gallery in Orewa from the end of November until the end 
of January. The shapes are based on the first easily usable physical 
models of hyperbolic space, developed by mathematician Daina 
Taimina in 1997, using ideas from William Thurston (see IMAges 8).

Crocheting these shapes is very simple; Seagardens Aotearoa co-
ordinator Glenys Stace is working with local fibre arts groups to 
add to the display.

See also  
www.seagardens.wordpress.com (the password for the museum 
page is museum)
www.math.cornell.edu/~dtaimina/
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The invitation to speak recognises the innovative 
and very visual ways they have developed 

for students to think about their data, and the 
underpinning research supporting developments in 
the New Zealand school statistics curriculum.

The New Zealanders will also feature strongly at 
the society’s fourth International CensusAtSchool 
Workshop in Plymouth the week after, launching the 
RSS’ ten-year statistical literacy campaign in the UK. 

The recognition also reflects international excitement 
about the new curriculum. “The involvement 
of professional statisticians, researchers, teacher 
developers and lead teachers in developing the 
secondary school statistics curriculum is unique in 
New Zealand,” says Wild.

“New Zealand is leading in curriculum scope, 
meeting students’ future practical needs in work 
and life, and in how it represents data. International 
software developers want to work with our Ministry 
of Education, because they anticipate other countries 
drawing from the country’s statistics curriculum and 
want their software to be part of it.”

Says Pfannkuch: “Statistics in the curriculum is 
fairly new in many countries, and usually a lot less 
developed than in New Zealand.  The majority 
of people trying to deal with statistics run into 
mathematical roadblocks; we can use visual methods 
to avoid them. 

“Data imaging software can help teenagers to 
understand patterns in data, and allows teachers to 
introduce statistics concepts to younger students. 
We are aiming for students to make inferences about 
the world without taking their eyes off their data 
animations, so the connections between question, 
data and answers are immediate and obvious.

“Looking at the world using data”, says Wild, “is like 
looking through a rippled glass window.  What we see 
is not quite the way it really is. Statistical inference is 
about how to take that into account.” 

Pfannkuch, with Pip Arnold, leads a project called 
Building Students’ Inferential Reasoning, 
developing classroom implementations of new 
statistics learning in Years 10 and 11 with a team 
of eight teachers. 

Students use new hands-on activities and data 
animations, reinforced by physical gestures, to 
learn how to take sample size and variability into 
account when making inferences. 

The only talk at the Royal 
Statistical Society’s (RSS) World 

Statistics Day event in London 
on October 20 will be given by 

Professor Chris Wild, below (top), 
Dr Maxine Pfannkuch and Matt 

Regan, all from the University 
of Auckland. The RSS says the 
paper “is set to transform the 

international landscape of 
statistical education”.  Jenny 

Rankine spoke with them.

“Statistics was largely taught descriptively; 
now we’re putting in the conceptual 
underpinnings,” she says. The new curriculum 
focuses on fundamental thinking about 
questions and interpretation of the data, 
rather than the mechanical aspects that 
computers can do. 

 “Some of these data visualisations allow students to 
compare samples of 10, 100 and 1,000 to see the 
effect of sample size on the stability of estimates.” 

The Census At School New Zealand project, run by 
the University of Auckland Statistics Department, and  
supported by Statistics New Zealand and the Ministry 
of Education, enables students to collect data about 
themselves every two years. 

“Because the data is about them they are interested 
and engaged,” says Pfannkuch. “They understand 
the background, and can hypothesize about why 
things turn out the way they do.  Also, because they 
contribute their own data, they know what can go 
wrong and they can pick up dirty data. Learning data 
cleaning is also new at the school level.” 

In a world where every sports game presents 
statistics, and every health article mentions health 
risks, where Google and other web applications 
are massive users of statistics, and surveys and 
polls monitor all kinds of activity, the New Zealand 
curriculum should improve young people’s ability 
to participate in decisions and social debates about 
evidence. The RSS shares this goal – hence its 10-year 
statistics literacy campaign, getstats. 

See also 
www.rss.org.uk/pdf/Wild_Oct._2010.pdf (RSS talk) 
www.censusatschool.org.nz/2009/informal-
inference/WPRH/ (talk animations)
www.rsscse.org.uk/news/rsscse-news/315-getstats
www.getstats.org.uk/
www.gapminder.org/ (data animations illustrating 
the UN Millennium Development Goals)
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New Zealand statistics is strong in biosciences such as ecology, biology and genetics. This 
includes natural populations of  animals such as birds; plants and ecologies; fisheries; crop 
production and animal breeding. It is also strong in graphical displays for statistical information 
and in earth sciences. In health New Zealand has led the world in aspects of  epidemiology, the 
tracking of  health and illness across populations. Survey sampling is strong in certain areas, such 
as some official statistics, and social issues such as gambling.
The field faces many opportunities. There is a world-wide shortage of  survey statisticians, and 
computing technology is enabling new ways of  seeing and animating data, such as animated 
population pyramids and maps of  commuter flows. “The combination of  mapping and dynamic 
graphs is taking off,” says Professor Sharleen Forbes, of  Victoria University.  Statisticians are 
also challenged by huge increases in the amount of  data available.
IMAges profiles a few of  the many statistical developments and applications in Aotearoa.

Dr Mik Black works with the Cancer 
Genetics Laboratory at the University of 

Otago, which is developing gene expression 
signatures – patterns of genetic activity – to 
predict outcomes for people with cancer. 
Scientists examine tumour samples after 
surgery, and Black uses standard statistical 
classification methods to predict whether the 
cancer is likely to come back or not. 

“Three signatures indicate particularly 
aggressive cancer, and they have been 
patented by Pacific Edge Biotechnology,” 
he says. Clinical trials are the next, very 
expensive, step to turn those signatures into 
diagnostic tests. 

These take a long time; “we have to wait 
for five years to see if the cancer comes 
back. We started six years ago, patented the 

A public conference on Women in Statistics will be held on World Statistics Day at Victoria 
University of  Wellington, with the aim of  encouraging women’s participation in statistics. 

Statistics “has long been an area that girls and women are attracted to because it has a real-
world orientation,” says Professor Sharleen Forbes, of  Victoria University.
One of  the conference speakers, Associate Professor Megan Clark, says women make 
up around 60% of  applied statisticians, and around 30% of  theoretical and mathematical 
statisticians. Clark heads the School of  Mathematics, Statistics and Operations Research at 
Victoria University.
The conference will be chaired by radio presenter Kim Hill, a member of  the Minister’s 
advisory committee on official statistics. Other speakers include Associate Professor Jennifer 
Brown, president of  the NZ Statistics Association and head of  the 
Department of  Mathematics and Statistics at Canterbury University; 
Professor Natalie Jackson, director of  the Population Studies Centre 

at Waikato University; and Rachel Milicich, 
Manager of  National Accounts at Statistics 
New Zealand. Contact Lu.folau@stats.govt.nz 

A free international poster competition 
for the International Statistical Literacy 

Project will be announced on World 
Statistics Day on 20 October.  The theme 
is ‘It happens in my neighbourhood’ and it 
offers national and international prizes. It 
is open to groups of  up to three students 
born in 1995 and younger, and those born 
in 1992 and younger.
The one-page poster must tell a story about 
a set of  data. Schools can register at www.
stat.auckland.ac.nz/~iase/islp/competition-
second; registration closes on Friday, 
17 December, and a maximum of  two 
posters per age category per school must 
be submitted by 18 April, 2011. National 
winners will be announced on 31 May.

Testing for cancer signatures about four years ago, but there are 
a few years to go to get it into hospitals as a 
working test.”

“Genetic statistics is most rewarding if we 
can work closely with clinicians, as they 
are the people actively caring for patients. 
Anything we can do that they can translate 
into improvements for patients - that’s the 
real reward.”

Identifying blocks of genes 
with highly correlated activity 
profiles in breast cancer using 
the PCOT2 methodology 
developed by Black’s former 
PhD student Dr Sarah Song.

Census@School
Census@School had its beginnings when 
Professor Sharleen Forbes convened 
a group of NZ Statistics Association 
members in 1990 to run the first children’s 
census in New Zealand schools.

“We ran it without any money, getting 
government departments to pay in kind 
with paper and printers – I wouldn’t ever 
attempt it again! It was totally voluntary, on 
top of our day jobs.” 

“Students wrote about 60,000 reports and 
six or seven of us gave up our holidays to 
analyse and feed it back to schools. It was 
picked up by the Italians and then the Royal 
Society in the UK developed an internet 
version.” This became New Zealand’s first 
Census@School in 2003. 



N  Z  I  M  A   •   I  M  A  G  E  S   •   O  C  T  O  B  E  R   •   2  0  1  0 05

Roughly 200 cases of Meningococcal  	
 B were avoided by the MeNZB vaccine 

between 2004 to 2008, according to 
a statistical analysis of the vaccine’s 

effectiveness. Eighty percent of 
people under 20 were vaccinated, 
“a quite remarkable proportion, 
with the highest coverage in 
those under five,” says Dr Richard 
Arnold, of Victoria University. 

Working with epidemiologists 
in the Ministry of Health, he 
used a Poisson regression 
model to compare vaccinated 
and unvaccinated populations. 

The bacterial infection is spread by 
airborne droplets and is associated with 
overcrowded households. Infection varies 
by age, deprivation and ethnicity, so he 
also controlled for those factors as well as 
regional, seasonal and yearly variations. 

“The epidemic had peaked in 2001 and was 
on its way down naturally when the vaccine 
was introduced, but we found the vaccine 
was between 70% and 80% effective in 
avoiding the disease.”

Statistics is very important in ecology for analysing multiple ecological variables at once, says 
Professor Marti Anderson of Massey University. “You might walk a transect in a forest, or 

swim a certain distance underwater and count the individuals of every species you encounter. 
Each species is a variable and species interact with each other and the environment. One of 
the challenges is to understand how sets of species change together, either naturally or in 
response to human-induced changes.” 

Anderson is pictured with Associate Professor Russell Millar getting ready for a fish biodiversity 
survey in Northland. She has developed new computer-intensive methods of multivariate 
analysis for biodiversity and community data. 

“The biggest problem with ecological variables is they don’t behave like normal Gaussian bell-
shaped curves, and almost all classical statistical methods are based on that assumption.” 

She has worked on communities of Antarctic plankton and bacteria, organisms living in 
sediments in estuaries, butterfly communities in the tropics, marine fish communities in kelp 
forests, microalgae in freshwater streams, insects collected in pitfall traps, forest communities, 
and even suites of behavioural chemicals in birds.

Her software (PERMANOVA+) enables variation in these complex systems to be partitioned, 
allowing effects of a disturbance to be assessed against natural variation. It is being used around 
the world in many ecological applications and environmental impact assessments.

Environmental monitoring drove the 
development of a simple tool to calculate 

the population of possums in an area.

Associate Professor Jennifer Brown, of 
Canterbury University, says: “We spend a 
lot of money trying to control possums, 
rats and other pests. We want to know 
the level at which the population impacts 
on the environment, and whether we have 
been effective in managing them. If we have 
reduced the size of pest populations, are we 
seeing a gain in conservation?”

Not satisfied with a statistical package 
that has “revolutionised the practice of  
statistics”, according to the Royal Society 
of  New Zealand, Ross Ihaka, co-creator 
of  R, is working on the next 
generation, with the working 
title L.
R is a free, open-source, 
extendable model with 
the highest hit-rate for mathematical 
publications in the last decade. It is available 
from more than 75 websites in more than 
30 countries. 
However, Ihaka (Ngati 
Kahungunu, Pakeha) says 
“the world is changing so 
fast that we desperately 
need something new now. 
Data volumes are exploding, 
and we have no idea as 
statisticians how to go about 
analysing petabytes [1,000 
terabytes] of  data.”
His work on L is still theoretical – “you 
have to get the basics right otherwise you’re 
constrained by your early decisions” – but 
shows promise of  being thousands of  
times faster than R.

R + L = ?

Analysing interactions in natural ecosystems

Assessing a vaccine
With Pest Control Research Ltd, her team 
developed a wax tag that possums can bite 
and from which they could calculate the 
surrounding population. “It was revolutionary, 
compared with the labour-intensive traps we 
used to use; the tag is now used throughout 
the country.” 

She has also been involved in 
designing survey protocols to find 
rare species in their environments. 
“You can waste a lot of time trying 
to find rare species,” says Brown.  

“The survey method seems 
simple but there is a lot of 
statistics behind it.” 

The method has been used 
to find desmans, a very 
rare river mole that lives 
in the Pyrenees in France, as well as 
in Southland to find invasive weeds 
before they start spreading.

See www.pestcontrolresearch.co.nz/
research-monitoring.htm#3 
www.pestcontrolresearch.co.nz/
monitoring.htm 
www.mathsreach.org/Videos

How many possums?

Photo: Malcolm Thomas, 
Pest Control Research.
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Statistics on the telly

Dr Richard Arnold was the face of statistics during election night coverage on TVOne 
in 2008, and he got his predictions “bang on”. His knowledge of the country’s 

demographics from his time at Statistics New Zealand meant he was able to develop a 
statistical model to forecast the result.  

“There is always an early preference for National on election night because the smaller 
booths that finish counting first tend to be rural, and more likely to go to National.”  
He adapted and implemented a statistical forecasting method based on matching 
polling places between elections, which eliminated that early bias. Making sure that the 
prediction has a reliable margin of error was an important part of the process, because 
“a prediction without a margin of error is worthless”.

In 1998, death records were the first data set 
to the linked to the Census in what became 

the NZ Census-Mortality Study (NZCMS). 
“At the time,” says NZCMS director 
Professor Tony Blakely of  the University of  
Otago, “it was probably the biggest example 
of  its kind in the English-speaking world.”
The linkage was anonymous and probabilistic, 
enabling researchers to calculate death rates in 
the whole population for the three years after 
each census from 1981 to 2004. 
“The NZCMS showed there was a great 
undercounting of  Maori deaths in the 
1980s and 90s.  There was also little, if  
any, improvement in Maori mortality rates 
in the 80s and 90s at a time when non-
Maori mortality rates dropped significantly. 
It’s very tempting to ascribe that to the 
Rogernomics reforms and resulting high 
Maori unemployment rates.”
The study also showed that relative gaps 
in mortality between high and low income 
groups widened in the 1980s and 90s.  
See www.uow.otago.ac.nz/academic/dph/
research/HIRP/index.html

Census and death records
Mark Wohlers one of 11 statisticians in 

Plant and Food Research around the 
country, working with scientists to ensure 
experiments have the statistical power to 
determine true treatment effects. 

For example, he designs and analyses the 
results of blind tastings by the sensory 
science teams, which use panels of tasters 
to assess wine and fruit from New Zealand 
grapes and orchards. “They might be 
checking on length of storage or time of 
picking, or the effect of a different rootstock. 
Tasters sit in separate booths in front of a 
computer, ranking up to 15 variables about 
the taste and smell of the product. 

“I determine, for example, the presentation 
order; they may not score the same thing 
similarly each time because of the tasting 
order. If they taste something very sweet 
first, the next one may be ranked lower.  We 
might use different coloured lights to take 
away the effect of the colour of the fruit.” 

“I often use analysis of variance, sometimes 
multivariate analysis, and principle component 
analysis with bootstrapping techniques.” 

Rodent Invasion Project member 	
 Associate Professor Rachel Fewster, 

of the University of Auckland, is regularly 
asked by Department of Conservation staff 
to identify the origin of rats found around 
the country.  A few years ago she and others 
obtained genetic profiles for rat populations 
from many islands around Great Barrier and 
Stewart Islands, and the Bay of Islands. 

“Since then they have been eradicated, 
but new rats have turned up. DOC or the 
Auckland Regional Council send us a sample 
and ask us where it came from.” She was 
able to say recently about two rats from the 
Bay of Islands that one was almost certainly 
brought in by boat and the other might have 

been a swimmer from the mainland.

She examines 20 genes from each rat from 
DNA regions with a lot of variability. “We use 
microsatellites which don’t code for anything 
or do any harm if they mutate. In isolated 
populations, rats will develop their own 
proportions of those genes. If I get a rat with 
Gene A, I think it is more likely to come from 
the island where Gene A is common. We take 
all 20 pieces of genetic information, and get a 
fairly clear idea of which island it came from.”

Tracking rat invaders

A Norway rat on Okahu Island, Bay of 
Islands. Photo: Stephen Cope.

Indigenous statistical 
power

In 2002, Te Ropu Rangahau Hauora a Eru 
Pomare, at the University of  Otago, wrote 

an influential paper about the need for 
equal explanatory power – the production 
of  information for Maori health and 
development to at least the same depth and 
breadth as that obtained for non-Maori. 
Discussing the NZ Health Monitor surveys 
by Statistics NZ, Bridget Robson (Ngati 
Raukawa) argued that good governance 
“compels us to ensure that data produced by 
the Crown is at least as productive for Maori 
as it is for non-Maori”.  
The simplest method for equal explanatory 
power is to recruit equal numbers of  Maori 
and non-Maori responders to surveys.  
Random surveys include approximately 15% 
Maori and 85% non-Maori, and “will be 
more likely to meet Pakeha health needs”. 
The end result is that health surveys “may 
have the unintentional effect of  increasing 
health disparities”.
Robson argued that implementing equal 
explanatory power in surveys of  health 
and social determinants of  health, such as 
unemployment, “will help to break this cycle 
of  persistent inequalities”.
See www.fmhs.auckland.ac.nz/ faculty/
tkhm/tumuaki/_docs/Equal_explanatory_
power.doc

Stats and the senses

Tasting applies with the Plant and Food 
Research sensory science team.
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Patterns in 

Ben Green’s introduction to Aotearoa was a shaky one; his first night was 
4 September in Christchurch. Luckily he was staying in a motel where 
nothing even fell off the wall, with a Californian colleague who knew 
what to do in a quake. He spoke with Jenny Rankine.
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Awards and honours
John Butcher (an NZIMA founding 
principal investigator and director of  an 
early programme) has been made a Fellow 
of  the Society for Industrial and Applied 
Mathematics (SIAM), possibly the first New 
Zealand-based scientist to win this honour. 
Peter Hunter (a founding principal 
investigator) has been named an Honorary 
Fellow of  the Institution of  Professional 
Engineers New Zealand (IPENZ). 
Stephen Haslett (Massey 
University) has won the 2010 Campbell 
Award of  the NZ Statistical Association. 
Paul Murrell (University of  
Auckland) has been elected a Fellow of   
the American Statistical Association, one 
of  only five outside the USA in 2010, in 
recognition of  his “outstanding professional 
contributions to and leadership in the field 
of  statistical science”. 
NZIMA Board Chair Len Cook has 
been made a Life Member of  the NZ  
Statistical Association. 
Marston Conder (NZIMA Co-
Director) has been appointed one of   
three Moderators for the next Quality 
Evaluation round of  the Performance 
Based Research Fund in 2012. Marston is 
one of  the original founders of  the PBRF. 
He was chair of  the government-appointed 
committee that established the PBRF in  
2001/02, and served on the Tertiary 
Education Commission’s PBRF Sector 
Reference Group.
Margaret Woolgrove, the 
NZIMA’s Research Manager, won a 
University of  Auckland General Staff  
Excellence Award for her work on the 
NZIMA’s MathsReach website. Margaret 
managed the MathsReach project from 
the beginning, with help from co-awardees 
Neil Morrison and Robert Carter, of  
the University of  Auckland Centre for 
Academic Development and Science IT 
group.

Green is Herchel Smith Professor of 
Pure Mathematics at the University 

of Cambridge, and gave the London 
Mathematical Society’s Forder Lectures 
throughout the country in September. He 
particularly enjoyed learning about Henry 
Forder, the Chair of Mathematics at the 
University of Auckland whose endowment 
founded this lectureship, and whose Euclidian 
geometry tied in with Green’s work.

Green works in additive combinatorics, an 
area related to number theory, analysis and 
combinatorics. He is best known for the 
2004 Green-Tao theorem, that there are 
infinitely many arithmetic progressions of 
prime numbers of any 
specified length.

These progressions 
are sequences of 
primes that differ by a 
constant amount; for 
example 5, 17, 29, 41 
and 53 step up by 12; and 13, 43, 73 and 103 
go up in jumps of 30. Before then, the largest 
known arithmetic progression had 22 primes.

Green and Australian mathematician Terence 
Tao started with a 1975 result by Hungarian 
mathematician Endre Szemerédi, who 
showed that in any infinite set of numbers 
that does not thin out too rapidly, there will 
be arithmetic progressions of all finite lengths. 

However, primes do thin out rapidly. So 
Green and Tao cleverly pruned some non-
primes; they generated a pseudorandom 
infinite number set containing primes and 
non-primes with few divisors for their size, 
for which Szemerédi’s result still held. 

Their 50-page, non-constructive existence 
proof did not include any arithmetic 
progressions of primes or say how to find 
them; it used a combination of ergodic 
theory (about mixing or averaging) and 
number theory. 

Since then, Green has worked with 
collaborators to find out more about 

prime number patterns and understand the 
mathematics behind them. He and Israeli 
mathematician Tamar Ziegler have developed 
an asymptotic formula for the number 
of arithmetic progressions separated by 
particular numbers. “For example, if you want 
to know how many progressions of primes 
there are separated by 100, we can find out. 
We didn’t do that for the results, but for 
the structures underlying them; generalizing 
Fourier analysis.”

Green has also worked with Tao on finding 
slightly more exotic patterns of primes. “If d 
is the spacing, d can be a square number or 
a cube.” 

“The famous problems 
about prime numbers 
seem open - the 
Goldbach conjecture 
that every even 
number is the sum 
of two primes, and 

the Twin Prime conjecture, that there are 
infinitely many pairs of primes differing 
by two. My career goal might be to say 
something about one or the other. It’s very 
hard now, there’s no sensible way of attacking 
those questions.”

Green won silver medals at the International 
Mathematical Olympiad in 1994 and 1995.

“Maths is unique as a discipline,” he says, “in 
that being naive can actually be very helpful. 
These days if I think of an idea, I know of too 
many reasons why it can’t work, so I tend to 
give up.”

“I like everything about it - you can see all 
these interconnections, beauty, symmetry, 
surprising things. It’s also very social; I haven’t 
written a paper by myself for over seven 
years. I’m always emailing and meeting 
collaborators. I have a lot of fun doing it.”

prime numbers
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HODGE CONJECTURE
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Notable maths problems

That for projective algebraic varieties, 
Hodge cycles are rational linear 
combinations of  algebraic cycles.
Simply: Last century, mathematicians 
discovered powerful ways to investigate the 
shapes of  complicated objects. They asked 
to what extent we can approximate the 
shape of  such objects by gluing together 
simple geometric building blocks of  
increasing dimension. This technique was 
generalised in many ways, obscuring its 
geometric origins and sometimes adding 
pieces with no geometric interpretation. 
Cycles refer to Hodge’s suggestion that all 
objects may be built from smaller parts 
being repeatedly projected. The conjecture 
asserts that certain complicated forms 
in algebraic geometry can be reduced to 
combinations of  much simpler forms.
Originator: American mathematician 
William Hodge, 1903-1975, in 1950. 
Discipline: Algebraic geometry.
Incentive: $US1million, one of  the seven 
Millennium Prize Problems of  the USA-
based Clay Mathematics Institute.
Interesting aspects: The conjecture uses 
visualisation to investigate mathematical 
results and associated functions, which are 
studied as discrete objects. 
Progress: The strongest evidence in 
favor of  the Hodge conjecture is the 1995 
algebraicity result of  Cattani, Deligne and 
Kaplan.  While mathematicians agree that 
the conjecture is important, they have not 
been able to find a resolution or even agree 
on the best way to do this.

University of Auckland mathematician 
Golbon Zakeri explains: “The country’s 

power system is regulated in 30-minute 
blocks. Market traders in Meridian, 
TrustPower and other generators submit 
offers every half hour to Transpower, which 
operates the national grid. The offers are 
made up of five quantities at different prices. 
And every 30 minutes, Transpower solves 
an optimisation problem to determine 
generation quantities from each supplier.

“So they say to Mighty River Power, which 
owns the Waikato River hydro chain, 
‘Generate this quantity or at this rate over 
the next 30 minutes’. So Genesis runs Huntly 
at a specific level, and Meridian provides a 
specific amount of hydro power from Lake 
Manapouri, and so on.” 

Transpower’s optimisation software, called 
Scheduling Pricing and Despatch, aims 
to minimise the cost of electricity while 
meeting demand and satisfying transmission 
constraints. 

The problem with wind power is that it is 
much more unpredictable than hydro or 
geothermal power, even over 30 minutes, 
and there is very little international research 
about how it can be efficiently integrated 
into national power grids. 

Javad Khazaei’s PhD is exploring ways of 
adding stochastic optimization, which takes 
into account uncertainty, to the deterministic 
optimization used by Transpower.

The current system copes with variability 
by using one generation station in each 
island to monitor the rate of demand, and 
feed in more or less power so that supply 
is maintained close to 50MHz. But it is too 
expensive to use more stations to regulate 
power in this way. 

Khazaei used repeated simulations of past 
market data with stochastic optimisation that 
allows for high, medium, and low scenarios of 
wind during each half-hour. 

In most cases this programming performed 
better and increased consumer and producer 
welfare. “It is a tuning, a natural extension, to 
enhance the current optimisation and cater 
for higher levels of uncertainty,” says Zakeri. 
“It will also work for solar and photovoltaic 
power, which is similarly uncertain.” 

An implemented stochastic process would 
have more bids, more information within 
the 30 minutes, and include deviations 
with penalties if the wind isn’t blowing. 
Khazaei’s theoretical analysis also asks 
whether this mechanism is susceptible to 
power generators taking advantage of these 
penalties, as New Zealand’s market is not 
highly regulated like those in other countries.

Allowing for wind power

Aucklanders may remember the power blackout in 2000 that closed businesses, 
and a ship in the harbour had to generate power for the central city.  This was a 

reminder of how finely-tuned industrial power systems are, and how long it takes 
them to recover from rolling blackouts. New Zealand generates between five and ten 
percent of its power from wind, a high proportion internationally. Mathematicians are 
working out ways to deal with the uncertainty this power source adds to the national 

electricity system, to prevent future blackouts. Jenny Rankine investigates.

Golbon Zakeri, 
inset, and Javad 
Khazaei. 
Background: Linkages 
between generating 
stations that make up 
New Zealand’s 
electricity grid.


