High speed mathematics:
reducing the computation time
for weather forecasting
Summary
Several times a day, around 10 million observations of the
atmosphere are processed by operational weather services, in
order to produce the next weather forecast. At the University
of Reading, we have been using mathematics to understand
and control the amount of computer-time taken in the
forecasting process.
Why?
In numerical weather prediction, heterogeneous observations are
weighted according to their uncertainty, to create our best estimate
of the current state (winds, pressures, temperatures, moisture)
across the globe. This process is called data assimilation. A
computer model then solves equations based on physical laws, to
calculate the forecast from a few minutes to several days ahead.
The amount of computer-time taken in the data assimilation
process is very important: a weather forecast that arrives after the
weather has already happened is pretty useless!

How?
The data assimilation process uses weighting matrices, describing
our knowledge of the uncertainty in the observations. We have
shown how the sensitivity of the data assimilation solution, and the
speed of the computer code in finding that solution, depends on the
mathematical properties of the weighting matrices.
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The DARE project aims to
produce a step-change in
the skill of forecasts of
urban natural hazards by
combining novel
observations with data
from state-of-the-art
computer models. Our
work allows us to
understand the amount of
computational work
needed in the forecasting
process.

What now?
Observation uncertainty cannot be measured and must be
estimated in statistical sense. However, these estimated matrices
may be noisy, and require “cleaning up” before they can be used
practically. Our results could be used to inform this clean-up
process and, in turn, reduce the computational time taken for data
assimilation.
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Further information
For more information about
how weather forecasts are
created see:
https://www.metoffice.gov.uk
/learning/making-a-forecast
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