Understanding weather
and the weather forecast

Week 32

Forecasting the Weather
Accuracy and limitations
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omputer Weather Prediction
(or Numerical Weather Prediction)

* We have equations that tell how things will change in the
atmosphere (e.g. Vilhelm Bjerknes), but we need to know what
the atmosphere looks like to start with.
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Climate models are basically the same apart from more details on
the ocean, etc. They are long term averages and so do not rely so
much on the starting point.
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500hPa geopotential height
Anomaly correlation
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Every picture tells a story. There are two main stories here and a question.

* The great improvement in weather prediction since the 1980s

* The closing of the gap between the skill of forecasts in the northern and
southern hemispheres (mainly due to satellite data and improved analysis
techniques)

* The question is why does the skill deteriorate at the longer outlook period?

Weather forecasting and chaos theory — the work of Ed Lorenz
https://www.youtube.com/watch?v=bZ6yxt o CQ



https://www.youtube.com/watch?v=bZ6yxt_o_CQ
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curacy and Fundamental Limits

Our weekly review of predicted and actual weather charts has
shown that, while there is often good agreement out to 7 days, in
some cases there are significant differences that affected the
accuracy of the forecast.

When rain is forecast the radar images often show a fairly spotty
appearance and rain may fall in one suburb and not another.

Thunderstorms — sometimes they are forecast but do not occur,
or vice versa. Even when they do occur there can be big
variations in where they form and how much rain falls.

Tropical cyclone forecasts — the track map shows a spread of the
possible tracks.



Forecast Accuracy and Fundamental Limits
There can be several reasons for an inaccurate forecast:

« There were missing observations or some feature was missed
« Forecasting systems themselves have errors.

But the ideas of chaos theory show that there are fundamental limits.
Because we do not know exactly the weather values everywhere,
small errors may grow into large differences in the forecast outlook
period.

The meteorological community now:

« Accepts that there are fundamental limits
« Tries to give some idea of the confidence they have in the forecast.

In computer weather prediction that is being tackled by using an
ensemble of forecasts, to try to estimate what is the range of
possibilities.
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Met Office Deterministic
forecast

Initial condition
uncertainty

Forecast
uncertainty

The ensemble can be:

* Pooling together the results of forecasts from various forecast
systems from around the world
Running their own prediction system many times with varying

analyses.



Fact sheet: Ensemble weather forecasting

https://www.ecmwf.int/en/about/media-centre/focus/2017/fact-sheet-
ensemble-weather-forecasting
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“Postage stamp” view of the weather maps from the
ensemble of predictions
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http://www.bom.gov.au/jsp/watl/
rainfall/pme.jsp

Chance of at least 10 mm Chance of at least 15 mm

Automated computer model rainfall forecasts

The Water and the Land (WATL) web site provides rainfall forecast maps
generated automatically by weather forecast models. Models run by the
Bureau of Meteorology and by five international centres are combined to
produce the rainfall forecasts. Testing has shown that it easily outperforms a

random guess or climatology, and also the forecast from any individual
weather model, to at least five days ahead.



ENS Meteogram
Melbourne - Victoria - Australia 37.88°5 144.96°E (ENS land point) 58 m
High Resolution Forecast and ENS Distribution Wednesday 16 November 2022 00 UTC
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An example of a tropical cyclone forecast track map
with its “cone of uncertainty”.




Examine information:
 surface measurements
« satellite and radar
Images

e computer models

Construct mental
picture of how
weather will evolve

Statistical guidance
and diagnostics

T

Type
forecasts



A huge paradigm and cultural change!
Adapted from the US Weather Service
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Examine weather: Manipulate
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eneration Forecast and Warning System”

e surface measurements - digital
e satellite and radar images
forecast

e computer models
database

« Automatic text
forecasts

e Graphical forecasts
e Point and click
forecasts
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Graphical forecasts on the Bureau’s website

Forecasts available within 3/6km of any location
Increased detail in worded forecasts and spatial data
Locations with 7 day forecasts increases (from 6 to 650)
Forecasts available for all times of the day

Benefits to the Bureau

A digital forecasting system with high spatial detail (Australian
Digital Forecast Database)

Ability to apply the latest research to forecasting procedures
Allows forecasters to build directly on the excellent guidance
provided by computer weather prediction models




The growth in the number of 7 day

forecasts as the system is rolled out
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The Graphical Forecast Editor

- Adapted from the US version but with many enhancements and
Improvements






Temporal Resolution
Currently 1-3 hourly out to 7.5 days

The Australian Digital
Forecast Database

Spatial Resolution
Typically 3 — 6km

Weather Elements

Temperature

Dewpoint (Relative Humidity)

Wind speed and direction

Sky cover

Rainfall amount and probability

Weather type (showers, fog, thunder, ...)
Derived fields — e.g. fire weather indices



A Tiered Product Suit

Australian Government

Bureau of Meteorology
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Cloudy. Scattered showers clearing
by early afternoon then redeveloping
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The Bureau’s spatial weather data sets
G feed mobile applications

Bureau of Meteorology
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Australian Capital Territory
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https://itunes.apple.com/au/app/marine-weather-plus-by-bluefin/id551638799?mt=8 https://play.google.com/store/apps/details
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MetEye - A map-based viewer available on the Web




