
The atmospheric variables and 
main instruments

Textbooks and web sites references for this lecture:
• A. Longhetto – Dispense di Fisica dell’atmosfera

• Physic der atmosphäre - Institut für Umweltphysik - Universität Heidelberg



Atmospheric measurements
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• Main characteristics: 

instrument sensitivity, error, 

answer time

• Problems: representativity of 

data (obstacles, orography, 

wind, snow, …)

• Typical setup (according with 

WMO regulations): Stevenson 

screen, at 1.5 m of elevation 

over the soil, at ~ 100m of 

distance from major obstacles 

(trees, buildings, …)

• Wind speed measured at the 

height of 10 m over the soil



Examples of meteorological screens

Torino 

Royal gardens

Egina Marina

(Greece)
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Heat and temperature
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Heat: total kinetic energy of atoms or moleculae which constitute the substance; is a

characteristics of the substance itself

Temperature: physical variable directly proportional to the MEAN kinetic energy of

atoms or moleculae

A cup filled by water at 80°C is much warmer than a bath tube filled by water at 30°C, because the

temperature is larger in the cup. However, given the big amount of water in the tube, the total kinetic

energy in the bath tube is greater, thus the water in the bath tube will cool slowly with respect to the water

in the cup.

Not always a variation of heat (=energy) produces a variation of temperature (think

to the variations of state).

Temperature scales

Name Point of ice melting Point of boiling water

Centigrade or Celsius 0 °C 100 °C

Absolute or Kelvin 273.15 K 373.15 K

Fahrenheit 32 °F 212 °F

In the absolute scale, the temperature is a direct measurement of the mean molecular kinetic energy (or,

better, of the fraction of energy that can be electromagnetically transmitted)



How do we measure Temperature?

• Conventional thermometry: Liquid in glass

• Electronic thermometers: Measure 

resistance in a metal such as nickel

• Other thermometers: bimetallic, infrared, 

…

• Remote sensing using radiation emitted by 

the air and surface (particularly, though 

not exclusively, from satellites)

• Units of temperature: Celsius, Kelvin, 

Fahrenheit
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Temperature and thermometers
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The temperature is a physical quantity not additive  not directly measurable

Its measure is based on the possibility of establishing relations between itself 

and other physical variables directly measurable (e.g. changes in linear 

dimensions or volume of electrical conductivity, pressure in a gas, etc.).

The first thermometer was invented by Galileo in 1593.

The thermometer now more widespread is that with mercury (one of the so-

called thermometers with expansion of liquid). It has a bulb connected to a 

expansion pipe of small section; at its exterior there is the scale of 

measurement. A change in temperature determines a change in volume of 

both liquid and bulb, and the resulting difference in volume causes the 

movement of the column of liquid in the pipe. In these models, the sensitivity 

is inversely proportional to the pipe section, while the speed decreases with 

the increase of the volume of the bulb. Although alcohol possesses an high  

coefficient of thermal expansion, it is volatile, so mercury is preferred.

In the thermometer filled by perfect gas,

however, the temperature depends on the internal

and external pressure differences



Thermometers for min/max temperature 
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The thermometer for minimum temperature measures the lowest temperature occurred in a given

period of time (normally one day)

The thermometer for maximum temperature determines the highest temperature occurred in a

certain period of time (usually one day)



Thermometers with expansion of a metal 
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These  thermometers are composed by two metals and use the 

different expansion of two materials with very different 

expansion coefficients. 

Among the most used substances, in descending rank, there 

are: aluminum, brass, copper, nickel, nickel-chromium steel, 

quartz. The combinations most frequently used are: 

aluminum-invar (iron-nickel), brass-invar. 

If the system is brought to a temperature different from that 

of reference, the two plates will lengthen in a different way. 

Since they cannot scroll, and since there are no privileged 

directions of motions, the device can only curl in an arc, and 

this happens even if the plates are tied to the frame of the 

instrument. 

In the bimetallic linear thermometer, instead, a metallic bar 

with high dilation coefficient is contained in a guide of a 

material not much sensitive to heat. When the temperature 

changes, the bar vary its length with respect to the guide, 

and a system of transmission links this movement to the 

index.



Thermoresistances
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The resistive thermometry is based on the variation with the 

temperature of the resistance of conductors and semiconductors, 

with which two types of passive temperature transducers are 

realized: the Thermoresistances and the thermistors. They 

possesses very different thermal properties, and are widely used in 

the measurement of temperature in many fields.

The thermoresistances are made of thin wires of conductive 

material wrapped in suitable insulating supports, cylindrical or flat. 

The size and the physical and mechanical properties vary in 

function of temperature and type of environment where they are 

placed. The variation of the resistance of a conductor with the 

temperature depends greatly by the change of its resistivity. 

Although this dependence is not linear, considering limited 

temperature ranges, the evolution of R(T) can be considered almost 

linear. The metals most used are: platinum, nickel and copper, but 

especially the first. The temperature measurement is performed by 

measuring the resistance using a Wheatstone bridge



Thermistors
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The most common semiconductor temperature sensors are the 

thermistors; these components are produced hardening with hot 

temperature mixtures of metal oxides such as cobalt, iron, 

manganese, nickel, copper, tungsten and so on, in order to obtain 

sticks, diskettes or other forms, a few millimeters wide

The temperature coefficient of thermistors is negative and at least 

one order of magnitude bigger than that of metals, so the 

thermistors are transducers more sensitive than thermoresistances

However, because the resistance-temperature characteristic curve is 

exponential, the thermistor sensitivity varies rapidly with the 

temperature, and this fact forces to restrict their use to a very 

narrow band of temperature, as in medical and biological fields and 

in monitoring the environmental temperature

Normally, the range in which all these sensors are employed varies 

from -100 to +300 °C; moreover, their chemical and physical 

characteristics tend to vary when they warm, lowering the accuracy 

of the measurements



Infrared Thermometer

• Measures the infrared radiation emitted by an object (night-
vision uses it)

• Used to take an instant (not delayed) temp reading of the air.

• Easily automated 
• but other aspects such as ground color can affect temp readings
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The Pressure

12

Force exerted on each surface from

every part of the above air (hydrostatic

pressure)

Unit of measure:

1 hPa = 100 Pa = 1 mb = 0.001 Bar

Behavior with the quote:

p = p0 exp [-0.0034 (z - z0)/T]

Greatest pressure variation in vertical,

but smaller horizontal variations

produce winds and weather systems

Parametri meteo

In practice…

Sea level 1 hPa every 8m

1500 m 1 hPa every 10m

3000 m 1 hPa every 12m

Upper quotes pp/2 every 5500 m



How do we measure pressure?
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   Sea Level Value   Units of Pressure: 
     (average) 
 
    1     atmosphere 
    760     mm. of mercury 
    29.92    in. of mercury 
    33.9     ft. of water 
    1013.25    millibars 

Why does pressure decrease with

altitude?

Remember:

Pressure = mass*gravity/unit area

As you go higher, you have less mass

above you.



Operations to perform
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 Since mercury expands and contracts depending on

temperature, it is necessary to reduce the height of the mercury

column (on the graduate scale) to the value that it would have

at a reference temperature, fixed in 0°C.

 In addition to this correction, it is also necessary to take

account of changes in the weight of the mercury column

necessary to balance the atmospheric pressure, which depends

namely by the altitude and latitude.

 By convention, the pressure measurements are referred to the

normal gravity, i.e. that at the latitude of 45°(N,S) and at the

sea level.

 This type of barometer is not currently widely used in weather

stations, due to the hard work needed. But it is instead used in

the laboratories and is particularly suitable for the shipments

and works in which it is necessary to move it



Aneroid barometers
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 Some barometers deduce the pressure by measuring the deformation of a elastic empty

body and are said aneroid.

 The empty body is usually a metal box without (or almost without) air, which is

deformed under the action of the pressure difference internal-external; the deflection

depends on the atmospheric pressure and is measured by an index or a pen on a scale or

paper, after an appropriate amplification and calibration of the deformation.

 The Vidie or aneroid capsule is still used today, and is essentially an empty cylindrical

box, large and low; in the past versions, an opposing spring was present in the capsule

 The values provided by an aneroid barograph are independent by changes of gravity

acceleration, but can be influenced by the temperature. To avoid this problem, sometimes

they are provided by a bimetallic plate system
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There are a number of ways one can specify the amount of

moisture (referred to as humidity) in the air:

• Absolute humidity

• specific humidity

• vapor pressure

• saturation vapor pressure

• relative humidity

• mixing ratio

• saturation mixing ratio

• wet-bulb temperature

• dew-point temperature

• Virtual temperature

They will be studied later, after state equation

Moisture Variables



Wind vane (for wind direction)
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The instruments indicating the wind 

direction are called anemoscope or 

vane, and are esentially constituted by 

a wind vane that can rotate around a 

vertical axis, connected to a special 

index which moves on a scale

A wind vane is builded using light 

material, cuscinetti a sfere, right oils, 

and is balanced with adequate 

counterweight

It become parallel with the wind

Has a “fatter” tail than head so it won’t 

point 180º in the wrong direction

Easily automated with a rotating 

sensor inside the joint with the pole



Anemometer

• Used to measure wind speed

• Most common type = cup anemometer

• When the wind is gusty, it overestimates the avg. wind speed 
because of momentum

• Must be placed far away from obstacles to be accurate 
(Distance = 10x the height of tallest object)
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Measuring the wind speed: anemometers
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• To determine the wind speed action, usually 5 types of anemometers are used

• In the rotating anemometers, the wind speed is deduced by the rotating

movement of a system of mobile cups moving around a vertical axis.

• These instruments are relatively simple and cheap and give the mean wind

speed, but due to their inertia, does not allow the determination of the wind

with the precision required (about 1 knot)

• In the anemometers at fixed cups,

three or four cups rotate freely around

the vertical axis. The rotation speed is

as large as the anemometer arm is short,

and for the same reason also the

promptiness of the instrument anser a

the wind variations. On the contrary,

the maximum speed depends on the

arm length



Physics of cup anemometers

• On every cup a force D, directed along 
the fluid motion direction and a lift L, 
perpendicular to the motion direction 
are present:

• Of these forces, only the components 
perpendicular to the cup generate 
rotation

20
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• CD and CL are the dimensional coefficients of resistance and lift,
and vary between a minimum value (when the cup has a concave
shape) and a maximum value (when has convex form)

• The total momentum of the force is:

• i.e. is a complex function of the angle a it is not constant

• In the configuration with 3 cups, M varies less with the angle a

• The calibration of the instruments must be done in the wind
galleries
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Other anemometers

21

• In the 3-axial propeller anemometer, 3 propellers made of

very light material (generally carbon) are mounted along the

three directions of the coordinate or anyway along three

perpendicular directions

• The pressure anemometers use the principle of the Pitot tube

(Bernoulli law). The intensity of the wind is evaluated by the

dynamic pressure exerted by the wind on an appropriate body.

As it possesses many delicate organs, it is not very common (it

is currently used mainly in England)

• In the heated wire anemometers the wind intensity is

evaluated by the heat loss caused by wind in a heated conductor

• The typical housing of the anemometers is on a 10 m high mast

above the ground level, on grassy soil without obstacles within

a radius of 50-100 m around the mast



Sonic anemometers

• Sonic anemometers provide an absolute 
measurement of wind speed and (sonic) 
temperature

• A SA consists of three pairs of transducers 
facing along three directions not parallel 
to each other

• They provide the three components of 
wind speed along the direction from which 
it is possible to get the three Cartesian 
components of the wind in the reference 
meteorological system

• In each pair of transducers facing one 
another, each transducer acts both as 
transmitter and receiver (at first, one 
transducer sends an impulse to the other, 
who receives it, then, the second send an 
impulse back to the first)
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Sonic anemometers (2)
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 The impulses are waves that have a frequency in the band between

sounds and ultrasounds, and for this reason these anemometers are

also called ultrasonic

 The software tool measures the transit time of the wave packet

between the two transducers; from transit times it is possible to

deduce the wind and sound speeds

 Subsequently, given the relationship between sound speed and

temperature, it is possible to estimate the temperature

 The acquisition frequency of a sonic anemometer ranges from 1 to

60 Hz (data/s), and is higher than the acquisition rate of a traditional

mechanical anemometer (propeller or cups), usually <1 Hz

 This allows to have a more complete description of the atmospheric

turbulence, whose parameters can be determined with greater

precision

 In particular, the use of ultrasonic anemometer also allows to

estimate with good accuracy the momentum and heat fluxes



Types of sonic anemometers

• There are different types of sonic anemometers, depending on their geometry

• In the A type models, the structure is limited to the presence of the central pole that supports six transducers

• In B type models, there are three external bars for the support

• In C type models, there are three support bars arranged asymmetrically
24

Type A

Type B

Type C



Sound and wind speed calculations (1)

• Let consider one of the axis oriented in the 
direction transmitter-receiver

• Let be t1 and t2 the transit times of the 
ultrasonic packet in the directions from 
transmitter Tx to receiver Rx and viceversa, 
respectively

• Referring to figure, being U the wind speed and 
C the sound speed at a certain instant, 
decomposing U and C along the x (directed from 
Tx to Rx) and y axis (perpendicular to x) in the 
components Ux and Uy, and Cx and Cy

• The effective speed of the ultrasonic packet in 
the path d is given by V=U+C (vectorial sum), 
thus the following expression is obtained:
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Sound and wind speed calculations (2)
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 Similarly, if we assume that the wind speed U
remain unchanged in the period of time (t1+t2), we
get:

 From which:

 In this way, it is possible to calculate the
components of wind and sound speeds along the
transducer-receiver axes

 From the former (wind), using opportune matrices,
it is possible to calculate the 3 cartesian
components in the meteorological reference
system

 From the latter (sound) it is possible to evaluate
air temperature
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Sonic temperature calculation
• The sound propagation in a fluid occurs at a speed which depends from the properties 

of the fluid itself (sound speed)

• Let consider a fluid moving in a pipe infinitely long: an infinitesimal perturbation will 
produce a frontal wave moving at the speed C (in the example, from left to right)

• If C, p,  are velocity, pressure and density before the perturbation and (C+dC), (p+dp)
e (+d) after the perturbation, the momentum equation relative to the infinitesimal 
volume dV around the section  of the frontal wave is: 

• This equation can be simplified as:
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The case of the perfect gas

• The continuity equation for the infinitesimal volume dV is:

and being

we obtain

• Combining this equation with the previous one, we get the equation for the 
sound propagation

• The state equation for a perfect gas is                    where R* is the perfect gas 
constant ( is the molecular weight of gas)

• The adiabatic equation (the sound propagation is an adiabatic process) is:    
with

• Deriving and substituting  in the equation for the sound propagation, we 
get:

which demonstrates the dependence of the square sound speed from the 
temperature 28
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Calculation of the sonic temperature: air

• Air is an homogeneous medium composed mainly by diatomic 
molecules (as N2, O2, etc.) and by some triatomic molecule (i.e. water 
vapor ad H2O)

• In this case, the relation between sound speed and T is:

• Ts is usually called sonic temperature

where last passage uses the relation:

• The expression obtained for the sonic temperature is formally 
analogue (but not equal) to the expression which defines the 
virtual temperature Tv:
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Beaufort wind scale
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One of the first scales to estimate 

wind speeds and the effects was 

created by Britain's Admiral Sir 

Francis Beaufort (1774-1857). He 

developed the scale in 1805 to 

help sailors estimate the winds 

via visual observations. The scale 

starts with 0 and goes to a force 

of 12. The Beaufort scale is still 

used today to estimate wind 

strengths.



Beaufort scale (2)
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Wave heigth:              <0.1 m                      0.1 m                0.2-0.3 m

0.6-1.0 m                1.0-1.5m             2.0-2.5 m              3.0-4.0 m

4.0-5.5 m                5.5-7.5m             7.0-10.0 m              9.0-12.5 m



Precipitation measurements
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 The rainfall measurement is the determination of the amount of 

water, usually expressed in height of liquid water per unitary area, 

coming from the air on a certain time and a given place

 In the case of solid precipitation, the amount of water obtained 

by liquefaction is evaluated (water equivalent)

 The height of precipitation is usually expressed in mm, 

representing the volume (measured in dm3) of precipitation 

falling on a surface of 1m2: thus, expressing that amount in 

m3/m2=m, the conversion factor is to 10-3: i.e. 10-3 m=1 mm



Rain Gauge

• Several kinds but tipping bucket rain 
gauge is the most useful since it can be 
automated.

• How it works:
• Rain falls into one of two buckets

• When it’s fills up with .01” of rain, gravity 
causes it to tip

• Other bucket fills and tips

• Number of tips counted electronically
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Where to put pluviometers
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 In all types of pluviograph, the collector element is the so-

called funnel, whose function is to define a specific area 

which will collect the precipitation, and to direct the water 

at the recorder below the funnel. The funnel mouth is a 

circle that has a certain surface

 The rain gauge should be prepared and placed horizontally 

at an appropriate height on the ground, in order to take 

account of the presence of certain obstacles, the 

disturbances produced by the wind, and the fact that on the 

ground a large amount of snow could accumulate 

 A recent study (by Hanna) suggested to place the rain gauge 

in a square hole in the ground, with the side of 1m, so that 

the funnel top is at the same height of the land, and with the 

rest of the pit "covered" by a grid with large meshes



The seesaw pluviometer and pluviograph
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 The most known and used pluviometer/pluviograph is the seesaw model. 

The seesaw device is a container composed of two equal and not 

communicating compartments, and switchs in order to collect the 

precipitation coming by the funnel in either one or the other compartment

 The alternation of the compartments is caused by the rain weight: with 

the gradual accumulation of water in the compartment, the weight of the 

compartment increases; when X grams of water are collected, the 

equilibrium become unstable and the seesaw switches, and the process 

repeats for the other compartment. Generally X = 20.

 The oscillating seesaw movements are recorded by the recording 

mechanism. Each time the seesaw moves, in one sense or in the other, a 

small gear wheel turns, and together with the gear wheel a cardioid, 

placed on the same axis, rotates

 For every movement of the seesaw there is a click of the pen (or of the 

electronic device): over the paper each individual variations, 

corresponding to X grams of water, is recorded 

 Given A (cm2) the area through which the X amount of water passes, 

every step of the pen corresponds to a precipitation of X/A cm.

 Since generally X=20g and A=0.1m2, the sensitivity of a typical 

raingauge is 0.2 mm



Disdrometers

• The disdrometer measures simultaneously the size 
and the time of flight of the drops through the 
volume 

• The principle of operation is light extinction of rain-
drops passing through a cylindrical sensitive volume

• The electronic signal caused by a drop is proportional 
to its cross-sectional area

• The sensitive volume is kept perpendicular to the 
local flow direction by aid of a wind vane

• The cylindrical form makes the measurement 
independent from the incidence angle of the rain-
drops. Hence, local up- and downdrafts do not 
influence the measurements. 

• The light source of this disdrometer is an IR-LED 
(Infra Red Light Emitting Diode)
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Observing networks
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Observations at synoptic scale: each hour, at the main synoptic hours (00, 06, 

12, 18 UTC), except rain (9, 21 LT) 

Compose the WWW (World Weather Watch)



Upper Air Observation

• Radiosonde
• An instrument package lifted by a 

balloon with sensors for 
pressure, temperature, humidity.

38

(UCAR)

Radiosonde

temp. sensor

humidity. sensorGPS antenna

pressure 

sensor

transmitter antenna



Upper Air Observation

• Pibals (Pilot Balloons)

• Carry no instrument.
• Are usually tracked with 

theodolite.  
• The balloon is assumed to rise at a 

constant rate once the correct 
amount of gas is placed in the 
balloon. 

• By knowing the time of flight and 
the elevation and azimuth angle to 
the balloon, the position of the 
balloon, thus the wind speed and 
direction at various heights can be 
obtained.

(circa 1944)

(http://www.photolib.noaa.gov/)



Upper Air Observation
• Rawinsonde

• A radiosonde that is tracked to 
provide wind information.

• Tracked by either a radar, a 
radiotheodolite, or by GPS.

NWS 

Automated 

Radiotheodolite 

(circa 1955)

Radiosonde being carried aloft 

(circa 1997)

(http://www.ua.nws.noaa.gov/photo.htm)



Upper Air Observation

• Dropwindsonde
• Dropped from an aircraft or from a 

constant pressure balloon.

• Used for collecting data inside tropical 
cyclones.

(The Weather 

Channel; youtube.com)

(http://typhoon.as.ntu.edu.tw/DOTSTAR/)



Other data
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TEMP: radiosoundings with balloons 

(00, 12 UTC and sometimes 06, 18 

UTC): measure T, RH, p, u, v, w

PILOT: balloons 

which measure 

wind



What are satellites?
• Satellite – Any object that orbits around another object
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 Man-made satellites are designed to carry out a wide range
of tasks

 Take images, relay signals, etc

 First introduced over 40 years ago with the Russian
satellite Sputnik

 Currently, over 8000 satellites orbiting Earth

 Most are not much bigger than a softball, but some are the
size of a small car.

What can satellites do?



4 Main Types of Satellites

• Geosynchronous Orbiting – stays over same spot on 
earth (rotates at same speed as land under it)

• Polar Orbiting – pole to pole orbit

• Low Earth Orbiting – very low orbit

• Elliptical Orbiting – elongated pole to pole orbit
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Geosynchronous Orbiting

• Geosynchronous – a satellite in an equatorial or near equatorial 
orbit

• Has the same angular velocity of the earth

• Geostationary satellite - a type of geosynchronous satellite that 
is in a west to east orbit at an altitude of 35,786 km above the 
equator.

• Why can it only be at this altitude?

• Ans: At this altitude it encircles the earth once every 24 hours, 
making its speed in orbit synchronous (or in sync) with earth’s 
rotation

• Balance between gravitational force pulling it towards Earth and 
centripetal force away from it

• Stays over same geographic area 24/7
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The Meteosat satellites

• Meteosat satellites (8, 9) are in 
geosynchronous orbit at 36000 
km over the Guinea Gulf, at the 
intersection of the Greenwich 
meridian with the equator

• The observed hemisphere is 
divided into 9 areas

• Currently there are four 
Meteosat satellites (MET6-9). 
The MET9 started operating on 
2008. MET8 started operating 
in January 2004 and has 
technical features considerably 
more advanced than any other 
first-generation satellites
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The MSG

• Meteosat Second Generation, operational since 2004 (MET9)

• The images are sent to Earth every 15 min in 12 spectral bands:
• 0.6 m (VIS) for the detection of all types of clouds

• 0.8 m (VIS) for the detection of all types of clouds

• 1.6 m (IR) to differentiate types of clouds

• 3.9 m (IR) to distinguish low clouds from the fog

• 6.2 m (water vapor broadband) to highlight a number of meteorological 
events

• 7.3 m (water vapor broadband) to highlight a number of meteorological 
events

• 8.7 m (IR) for the type of clouds

• 9.7 m (IR) to detect ozone in the lower atmosphere

• 10.8 m (IR) to measure the temperature of the planet's surface and clouds

• 12.0 m (IR) to measure the temperature of the planet's surface and clouds

• 13.4 m (IR) to detect atmospheric concentration of CO2

• High-resolution visible (HRV) broadband, resolution 1 km
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MSG images

VIS006 – VIS=visible, 006=0.6 m IR039 – IR=infrared, 039=3.9 m

IR108 – IR=infrared, 108=10.8 m WV062 – WV=water vapor, 062=6.2 m



Polar Orbiting Satellites

• Polar-Orbiting Satellite – a satellite with an 
orbit that lies in a plane passing through the 
center of the earth that traverses polar 
latitudes.

• POES (Polar-Orbiting Operational 
Environmental Satellite)

• Polar orbiting satellites orbit earth in a couple 
hours.  

• They cover the entire earth with data breaks 
between paths

• 2 or 3 polar orbiting satellites can work 
together to minimize data breaks. 

49



2005/03/17 at 10 :45 UTC - MODIS
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Radar
• RAdio Detecting And Ranging

• In 1930’s, used to monitor shipping traffic

• In WWII, used to detect aircraft

• After WWII, radar used for weather

• Precipitation (rain, snow, hail) cause 
interferences: choosing wavelength, radar 
can detect rain, snow, hail

• Typical spatial resolution: ~1 km2

• Typical range ~125-250 km

• Emission of a very strong (~1MW) pulse of 
electromagnetic energy

• Antenna focuses the beam which travels 
through the atmosphere

• Target scatters radiation back (some straight 
back at the antenna)  retrodiffusion of 
electromagnetic waves

• The reflected radiation (called reflectivity) is 
measured (l~some cm)

• Evaluated parameters: radial speed of the 
target (Doppler effect), distance of target
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The Doppler effect

• If fT is the frequency of the sound signal transmitted, assuming that it will be 
reflected by an air mass moving with a radial speed vr along the antenna axis, 
the frequency fR of the signal received by the antenna will be given by:

• Clearly this simplification is right if c >> vr thus this can be considered always 
valid in the atmosphere 

• Thus, at the first order, for the simple case of a unique diffusor center and of 
a unique receiving antenna, the difference among the two frequencies 
(transmitted and reflected), produced by the Doppler effect will be:
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How the meteorological radar works

• The radar measures the power radiated by a 

meteorological target: Z  VD6 (where Z is the 

reflectivity, V is the sum over the volume of 

resolution of the radar and D is the diameter of 

hydrometeor)

Z[dBZ] = 10 log Z [mm6m-3]

• Meteorological radars usually:

• Transmit horizontally polarized electromagnetic pulses

• Sample a volume of the atmosphere

• Presence of obstacles  reflectivity is measured “in 

quote”  problems in estimating rain and hail at the 

surface

• Haily precipitation  very high reflectivity
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Rain and hail
• Radar reflectivity does not allow to characterize the microphysics of the 

meteorological target  polarimetric measurements are needed 

• Emission of impulses polarized over perpendicular planes  differential 

reflectivity ZDR = 10 log ZH/ZV where ZH is the reflectivity over the horizontal plane 

and ZV that over the vertical plane
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Rain: 20  Z      55 dBZ

(b/a  1.5) 0    ZDR  4 dB

Hail: Z     55 dBZ

ZDR  0 dB

Wet Z     >  50 dBZ

hail ZDR >    4 dB

Torus of water (b/a > 1.5)

2a

2b

Polarimetric 

method to 

identify:

• hail

• Wet hail



Wind profiler
• Class of radar looking vertically

• Useful for high resolution 
measurements of wind, turbulence, 
and echo strength

• The Doppler shift used to determine 
wind speed and direction

• The scattering targets they receive 
echoes from depends on the 
wavelength of the profiler

• In the case of UHF band profilers, 
the targets include rain, snow, and 
turbulent fluctuations of the clear air
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The Lidar
• LIght Detection And Ranging

• Same as Radar, but different wavelength: 
light

• DIfferential Absorption Lidar (DIAL) is used 
to measure chemical concentrations (such 
as ozone, water vapor, pollutants) in the 
atmosphere, using two different laser 
wavelengths which are selected so that 
one of the wavelengths is absorbed by the 
molecule of interest whilst the other 
wavelength is not

• Doppler lidar is used to measure the 
velocity of a target
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The Sodar

• Acronym of SOunding Detection 
And Ranging, also called acoustic 
sounder

• Emission of an audible “beep” of 
sound - the returned sound is usually 
focused into a sensitive microphone

• Sodar detects the interface at top of 
the ML, using variations between the 
cooler mixed layer air and the 
warmer temperature inversion air 
capping the ML

• Attenuation of sound  range of 
about 1 km
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The facsimile echo

• The facsimile representation of the echo intensity  image of the temporal evolution 
of the atmospheric layer intercepted by the beam wave

• The echoes show basically two types of tracks, with horizontal and vertical extension:
• Horizontal extension:

• Index of a certain persistence of atmospheric structure  characteristic of stable conditions

• Vertical extension:
• Index of instability, showing a situation variable over the time
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RASS (Radio Acoustic Sounding System)
• It consists of a single frequency sound generator, a transmitter and a radio receiver

•The sound generator sends to the atmosphere a train of sinusoidal waves, and the radio transmitter
transmits continuously an electromagnetic wave.

•The pressure of acoustic wave produces changes in the refractive index of the air that create a partial
reflection of the radio wave versus the receiver

•The received radio frequency, for Doppler effect, is shifted, compared to the frequency sent, by a
quantity directly proportional to the sound velocity

•Measuring the received radio frequency, it is possible to draw the diagram of the speed propagation of sound
wave in function of the quote, from which it is possible to deduce the vertical profile of sonic temperature

•Typical range: 100-1300 m, depending on the weather



RASS measurements
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Profilo di Temperatura (°C) 

TORINO - Area CNR
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