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Temperature measurement

Liquid in glass tubes developed in 1630s with different scales and 

reference points   

Daniel Fahrenheit (1686-1736)

• 1714 Made alcohol in glass thermometers –

choosing chilled brine solution for 0 degrees and the 

boiling point of water as 212.

Anders Celsius (1701-44) in 1742 decided on a 100-

point scale (centigrade) but chose freezing and 

boiling points of water as the reference points. He 

initially chose 100 for freezing and 0 for the boiling 

point, but later reversed it.

1948 – Celsius scale adopted by most countries as 

the standard unit of measurement for temperature



Temperature measurement
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Temperature measurement

Converting Fahrenheit to Celsius and 

vice versa

32oF = ? oC

0oF   = ? oC

100oF   = ? oC

68oF   = ? oC

20oC   = ? oF

40oC   = ? oF

- 40oC   = ? oF



Moisture in the atmosphere
Several quantities are used to report the amount of 
water vapour in the air:

(a) Wet bulb depression:
• wet muslin over the bulb of the thermometer
• air flow leads to a lower temperature called the 

wet bulb depression

(b) Dew point 
• the temperature to which air would need for it to 

become saturated, and dew to start forming

(c) Relative humidity
• the ratio (expressed as a percentage) of the water 

vapour in the air to the amount of water vapour
necessary for the air to be saturated 



Propeller anemometer

Cup anemometer

Measurement of wind speed and direction
• Surface wind speeds and directions are measured by an anemometer

(propeller, cup, ultrasonic, pressure tube). 

• a continuous record of wind speed and direction is recorded on 

an anemograph

Ultrasonic

Cup and pressure 
tube (Dines) 
anemometer



Measurement of wind speed and direction

For marine users wind is usually expressed in knots

(1 knot = 1.85 kilometer/hour) 



What is wind?

“Some say that what is called air, when it is in motion and 
flows, is wind, and that this same air when it condenses 
again becomes cloud and water, implying that the nature 
of wind and water is the same. So they define wind as a 
motion of the air.

“It is absurd that this air that surrounds us should become 
wind when in motion, whatever be the source of its 
motion.” 

Aristotle, Meteorologica, (about 350 BC) 

Quoted in “And soon I heard a roaring wind – a natural history of 
moving air”, Bill Streever (2016)



Even during the eighteenth century there was no successful scientific 

explanation of wind. It was a rushing stream of vapour, each wind 

distinct from the next. All that could be done was to note its 

characteristics, often in colourful prose such as:

• A dashing breeze

• A galloping gale

• A Shakespearean tempest.

1806 Francis Beaufort – captain of HMS Woolwich started a 

systematic approach in his ship’s log: 
0 calm

1 Faint Breeze just not a calm 
.

6 Fresh breeze  
7 Gentle steady gale
.

1838 – Beaufort scale adopted officially for naval use.

Peter Moore: The Weather Experiment. 



Measurement of wind speed and direction

Later adapted for  use over land



Measurement of wind speed and direction



Plotting symbol for wind

(wind speed in knots)



Northern hemisphere version

The wind barb shows the speed using "flags" on the end.

• Each half of a flag depicts 5 knots (9.3 km/h; 5.8 mph)

• Each full flag depicts 10 knots (19 km/h; 12 mph)

• Each pennant (filled triangle) depicts 50 knots (93 km/h; 58 mph)

The flags and pennants point to the low 

pressure. 

The barbs in the figure are for 

the Northern Hemisphere, because the 

wind is circling anticlock-wise around 

a low-pressure area. 

The flags and pennants are plotted on the 

opposite side in the Southern Hemisphere.  

https://en.wikipedia.org/wiki/Pennant_(commissioning)
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Diagram shows a 

northerly wind in the 

southern hemisphere.

Wind speeds are in 

knots.





Precipitation

• Precipitation - any product of condensation of atmospheric vapour 

that descends through the atmosphere under the influence of gravity. 

- includes rain, drizzle, snow, sleet and hail. 

• Virga is precipitation that evaporates before reaching the ground.

• precipitation follows growth of raindrops or snowflakes 

within a cloud.  

• approximately 500,000 km3 of water falls as precipitation annually. 

• average global precipitation is 990mm. 

• Melbourne has an average annual rainfall of about 600mm/year; 

Tully in Queensland has an average annual rainfall exceeding 4000mm.



Measuring rainfall

PluviographRain gauge

• Daily rainfall totals measured using a rain gauge

• a continuous record of rainfall (allowing for the measurement 

of rainfall rates) is recorded on a pluviograph.



The internal mechanism of a tipping bucket rain-gauge





Average annual rainfall distribution, Australia 1981-2010





Pan evaporation

• net evaporation combines the effects of temperature, rainfall,

humidity and wind

• evaporation highest on hot windy days

• data vital for agricultural management 



Sunshine recording

Stokes – Campbell sunshine recorder Sunshine recording

• Duration of daily sunshine ➔ measured by Stokes-Campbell 

sunshine recorder

• glass sphere focuses the Sun’s rays onto a card ➔ burning a trace

• modern sunshine recorders use electronics to measure sunshine



Measuring the incoming energy from the sun:

Pyranometers and Pyrheliometers

A pyranometer measures 

the incoming energy from the 

sun from all angles – both 

the direct beam and the 

scattered light.

A pyrheliometer measures has a 

tube so that only the direct beam 

is measured



Pyranometer Pyrheliometer




