
 

Solving real-world problems

September 20 2018

  
 

  

The INLA approach developed by Rue and colleagues has been used in the
Malaria Atlas Project (MAP), which disseminates free, accurate, up-to-date
information on malaria, aims to limit the spread of the disease. Credit:
MALARIA ATLAS PROJECT

Tools developed by Håvard Rue have transformed data analysis,
interpretation and communication, and are applied broadly: from
modeling the spread of infectious diseases to mapping fish stocks.

Statistics is the science of learning from data, with statisticians providing
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valuable insights into the most pressing problems facing humanity, such
as the health impacts of pollution to the spread of infectious diseases.

Researchers need to understand statistics if they are to make informed
decisions.

"Providing the tools for scientists to better understand real-world
problems means policymakers have access to reliable data for making
important decisions that affect many aspects of life, from health and the
environment to the economy and social issues," explains KAUST
professor of statistics Håvard Rue.

Rue is a pioneer in the field of computational Bayesian statistics, a
method that applies probabilities to statistical problems, leading to faster
and more accurate predictions. His work focuses on the application of
integrated nested Laplace approximations (INLA), an approach for
undertaking Bayesian inference that updates conclusions that are drawn
from statistical models in the light of new data.

"The main issues with Bayesian modeling are speed and accuracy,"
explains Rue. "Normally you have to trade speed for accuracy, but with
INLA you get both. It's almost too good to be true."

The INLA approach represents a different way of analyzing high-
dimensional datasets containing thousands of measurements—such as
those used for modeling climate or predicting weather models—and are
too complex for methods like Markov chain Monte Carlo sampling,
which are time-consuming and impractical for very large models.

To help apply the INLA statistical method and to better analyze
increasingly large datasets, Rue and his colleagues developed the R-
INLA statistical software package, which enables INLA application in
diverse fields, from healthcare to ecology.
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For example, Gavin Shaddick, professor of Data Science and Statistics
at the University of Exeter in the United Kingdom, used R-INLA to
analyze a database containing data from more than 4,300 cities in
100-plus countries to model the health and environmental impacts from 
air pollution.

"Air pollution is a major risk factor for global health with 4.2 million
deaths annually attributed to fine particulate matter pollution," says
Shaddick. "Without R-INLA we would not have been able to perform
these analyses on a global scale."

The work, in collaboration with the World Health Organization (WHO),
has shown that 92 percent of the world's population resides in areas
exceeding the WHO's air quality guidelines.

The method has also been used by the Malaria Atlas Project (MAP),
which disseminates free, accurate, up-to-date information on malaria,
and aims to limit the spread of the disease. According to the WHO's
World Malaria Report 2017, an estimated 216 million cases of malaria
occurred globally in 2016, an increase of around 5 million cases from
the previous year.

"Before R-INLA if was not possible to perform inference for more than
a thousand observations, making this an important tool in understanding
the spread of malaria," says, Samir Bhatt from Imperial College Public
School of Health in London, U.K., who used the R-INLA to model the
prevalence of different forms of malaria on a global scale.

The Centre for Disease Control and Prevention (CDC) is also using R-
INLA to map the rising numbers of suicides across the United States,
providing an unprecedented level of detail by allowing changes in suicide
rates in over 3,000 counties to be tracked from 2005 to 2015.
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"Understanding the geographic patterns of suicide rates helps us to
determine which counties report high rates and are in need of suicide
prevention resources," explains Diba Khan, senior service fellow at the
Centers for Disease Control and Prevention (CDC). "By using INLA,
local public health agencies are able to allocate funds to achieve health
outcomes not possible from only state-level data."

The INLA method has also been applied by researchers at the Catholic
University of Valparaíso to map the distribution patterns of shrimp off
the coast of Chile. It has allowed them to identify areas where fishing is
possible and to make recommendations on catch quotas to help manage
fish resources.

"I'm still surprised when I see applications of INLA in areas I have never
heard of and are outside core statistics. This demonstrates that what we
are doing is important and has an impact on how people work with 
statistics," says Rue.

  More information: Håvard Rue et al. Bayesian Computing with
INLA: A Review, Annual Review of Statistics and Its Application (2017). 
DOI: 10.1146/annurev-statistics-060116-054045
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