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Forecasting the Weather



Because:

• We live on a spherical planet where the incoming energy from the 

sun is greater in the tropics than in the polar areas

• We have an atmosphere and ocean which try to even out the 

energy imbalance

• We live on a rotating planet that complicates the work of the 

atmosphere and ocean by deflecting winds (and currents) that 

develop. (Coriolis Force)

• Land and ocean, mountain ranges and different types of surface 

add their own effects.  



Forecasting the Weather

A bit like a consultation with your doctor:

• First step is diagnosis

• Then prognosis and treatment.

In weather forecasting the first step is to analyse the weather 

now, and then to make a forecast. The “weather map” is one 

of the results from the analysis stage.

The method of making a forecast will depend on factors such 

as:

• What element are you interested in?

• How far ahead do you need a forecast?
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Imagine we are just interested in the general weather for 

tomorrow?   What techniques could we use?

Persistence

Assume tomorrow’s weather will be the same as today’s

Climatology

Assume that the weather will be typical for the time of year 

for the location you are interested in

This could include the daily trend and regular features such 

as a sea breeze.

Rules of thumb or local knowledge

e.g. . rings around the moon are a sign of rain to come

. red sky at night, shepherd’s delight, …

. it’s always 40 degrees on Christmas Day

. the sea breeze will come in when the cloud clears.





Darwin Post Office – average number of days with rain > 1mm 1869 to 1962



Extrapolation 
. Watching the upstream weather

e.g. Melbourne will have tomorrow what Adelaide had today.
. A useful technique for short-term forecasts based on radar  

or satellite images.

Creating a forecast weather chart
Move the weather features on the synoptic chart at the rate at 
which they have been moving
Look at the pressure changes and project the pressure changes 
and apply them to the weather chart 

Analogue

Find a past weather chart similar to today’s and use the 

weather that happened on that occasion



Looking for some underlying cause

e.g. sunspots, sea surface temperature patterns

Statistical techniques

Seasonal forecasts are mainly statistical – correlations sea 

surface temperature patterns.

Numerical (Computer ) Weather Prediction

Using a computer to analyse the current weather and use 

equations to predict the weather ahead.

No one method is the best all the time.

All techniques have their appropriate time and place, 

and method of use.  







Forecast Funnel 

Understand the broad scale pattern then work 

toward the smaller scales.



Different forecasting techniques are more suitable at different 

scales

Radar, Satellites, 

upstream weather 

observations, etc.

Satellites, upstream 

obs., regional NWP 

Global NWP



Radar examples

MelbRadar_ColdOutbreak_31May2022MelbRadar_ColdOutbreak_31May2022
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Computer 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.

• Importance of weather 
observations and analysis

• Like seeing a doctor –
analysis before prognosis
and treatment

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.



Equations of the atmosphere

1.  How the wind will change as a result of all the forces acting on it such as:
• Pressure differences
• Coriolis force
• Gravity

• Friction.  (Basically Newton’s Second Law on a sphere)

2. How the local temperature will change due to effects such as:
• Movement of nearby air with different temperature
• Cooling of air by expansion or compression
• Effects of incoming sunlight or outgoing infrared 
• Condensation/evaporation, conduction

3. How temperature, pressure and density are connected  
(Ideal Gas Law)

4. Amount of air stays constant (“continuity equation” or conservation of mass)

5. Water vapour budget  - rainfall, evaporation and changes in water vapour  
amount.





Typical atmospheric processes modelled in a computer weather 
prediction model  





To make the mesh of grid points finer, needs more computing power



Some of the biggest supercomputers in the world are 
operated by meteorological agencies.



Time series showing the “skill” of the ECMWF computer predictions of the synoptic patterns 
of weather, at since 1981.
The number shows how well the forecast weather pattern correlates with the observed. So a 
higher number is good. https://charts.ecmwf.int/products/plwww_m_hr_ccaf_adrian_ts



Every picture tells a story. 
• 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)



Lead time for acceptable forecasts – Southern Hemisphere Extratropics



Lead time for acceptable forecasts – Tropics



The skill 

score 

measures 

the errors in 

the forecast 

weather 

map – so a 

lower score 

is better!

ECMWF – European Centre for Medium Range Weather Forecasts

GASP and ACCESS-G are Australian Bureau of Meteorology

JMA – Japan Meteorological Agency

US – US National Weather Service

UK – United Kingdom Meteorological Office



24 hour forecast “skill” for MSLP in the Australian Region





How does the skill of the computer weather prediction translate 

into accuracy of real life city forecasts?

Percentage of temperature forecasts for Melbourne within 3 degrees – 1963 to 2016

Persistence



http://www.bom.gov.au/inside/forecast-accuracy.shtml

Bureau of Meteorology Forecast Accuracy Information

http://www.bom.gov.au/inside/forecast-accuracy.shtml


Accuracy of next day forecast temperatures: Forecast 

maximum and minimum temperatures for the next day across 

500 locations that were accurate to within two degrees, 

showing year-to-year changes.



http://www.bom.gov.au/inside/forecast-accuracy.shtml






