
Radar Meteorology



Definition of RADAR

• Radar – Radio Detection And Ranging – is a 

methodology for detecting the presence, 

location, motion, and character of objects using 

radio waves.

• The use of radar is based on the fact that 

electromagnetic energy is propagated in known 

ways (speed, direction, absorption/reflection, 

etc) and that this propagation can be measured 

consistently.  Historically, the use of radar has 

been considered to include 4 basic 

components:



• Transmitter – produces radio energy of controlled power, 

frequency, duration, etc

• Antenna(s) – radiates the energy into the environment 

and intercepts the reflected energy from the 

environment.  Often (but not always) a single antenna is 

used for both purposes

• Receiver – detects, amplifies, and processes radio 

energy intercepted by the antenna

• Display (indicator) – allows the signals from the antenna 

to be interpreted in a useful manner

• Arguably, a 5th component could be considered to be 

ALGORITHMS that convert raw info into various derivd 

quantities (precip intensity, liquid water equiv, prec. 

Phase, etc)

Components



Index of Refraction

• In a vacuum, electromagnetic energy propagates at the 

speed of light, given by c ≈ 2.998 x 108 m/s = (ε0μ0)
-1/2

where ε0 is the permittivity of free space and μ0 is the 

magnetic inductive capacity of free space.  For a 

medium other than free space, the speed of propagation 

is   v = (ε1μ1)
-1/2  where ε1 , μ1 are the permittivity and 

magnetic inductive capacitance of the medium.  One 

measure of index of refraction is the ratio of the speed of 

light in a vacuum to the speed of propagation of radio 

waves in a medium:

η = c/ν = (ε1μ1/ε0μ0)
1/2

Usually variations in index of refraction are controlled by 

variations in the permittivity. 



I.e., μ1/μ0 ≈ 1 for most cases, so η= (ε1/ε0)
1/2 = ε1/2

Where the ratio ε = ε1/ε0 is called the dielectric constant of 

the medium.

We see that the speed of propagation of electromagnetic 

energy and thus the index of refraction will vary 

according to the electromagnetic properties of the 

medium.  For dry air, η = 1 + 10-6 K1 P/T where K1 ≈ 77.6 

K mb-1 for radio waves of length ≥ 2 cm.  We can 

rearrange to get (η-1)106 = N = K1Rdρ = (const)ρ where 

“N units” are probably the most commonly used measure 

for the index of refraction.  Thus, we see for dry air, the 

refractive index increases linearly with increasing air 

density (so N will decrease with height).  



• For water vapor the index of refraction is 

strongly affected by the dipole moment of the 

water molecule:  charge is unevenly distributed 

because of the arrangement of H and O

• The index of refraction differs for light and for 

radio waves; for radio waves:

N= (η-1)106 = K1/T(K2e/T – e/7) where K2 ≈ 4,810 

K-1



• The index of refraction is linearly additive for a 

medium containing a mixture of constituents.  

Thus N=Ndry+Nvapor

≈ K1/T [ρdry + e(K2/T -1/7)]

Where all of the pressures are in mb and the temps 

are in Kelvins.  The constant K2=4810 K-1.  From 

the last term we see that the effect of water vapor 

depends on the sign of the term in parenthesis.  

The refractive index increases with vapor 

pressure as long as the first term > 1/7, or T ≤ 

33,700K (which is always true for earth’s atm.



• Partial reflections can occur if the index of 

refraction changes substantially over a distance 

of order one wavelength in the direction of 

propagation. Several types of reflections can 

occur, including specular reflection (from layered 

structures) and Bragg scattering (scattering by 

inhomogeneities or “blobs” having size of order 

½ of the radar wavelength).  These types of 

reflections can interfere with detection of precip, 

etc, but can be used to advantage, e.g., in 

detecting the tropopause height (specular 

reflection) or wind profiling (Bragg scattering by 

moist “blobs” moving along with the wind).



Refraction of electromagnetic 

radiation
• We see that the index of refraction increases with 

density and with vapor pressure.  Therefore the index of 

refraction tends to be greatest near the surface, where 

the density and (usually) vapor pressure are highest.  

The speed of propagation therefore increases with 

height, so that radio waves are bent downward 

compared to the case of a uniform medium or free 

space.  If the bending is great enough, the energy is 

concentrated or trapped close to the ground, and the 

region where the energy is trapped is known as a duct.
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Anomalous Propagation

• Trapping or ducting is a type of anomalous 

propagation.  In general, this term refers to 

propagation conditions that differ 

substantially from the conditions for a 

standard atmosphere.

• You should be aware that similar 

principles apply to the propagation of 

sound waves.  The speed of sound in an 

ideal gas is controlled primarily by the 

temp and composition of the gas



• Cs = (δRT)1/2

• Therefore is an inversion layer exists, the speed 

of sound increases with height, so that sound 

waves may be ducted within the nocturnal 

boundary layer.  Often sounds are audible over 

longer distances on clear nights.  Sound waves 

have applications in meteorological remote 

sensing:

- SODAR (Sound Detection and Ranging)

- RASS























Storm Algorithms

• Storm Tracking

• VIL – vertical integration of liquid in a 

column  VIL=∑i=1 3.44x10-6[(zi+zi+1)/2]4/7Δh  

(in kg m-2)

• Mesocyclone Detection (1-10 km)

vertical depth > 3 km

shear and convergence present

• Rainfall – corrections for hail, time 

continuity, range degredation

n


