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INTRODUCTION 

                    One of the main compensation of conditions 

radars is that they can scan huge areas and take millions 

of dimensions from a single position in real-time. A set-

up of rain gauges that can assessment the same area with 

a similar spatial decision would be practically not 

possible to retain. 

               Weather radar, also called conditions 

surveillance radar (WSR) and Doppler conditions radar, 

is a type of radar used to position precipitation, calculate 

its motion, and estimation its type (rain, snow, hail etc.). 

up to date conditions radars are mostly pulse-Doppler 

radars, competent of detecting the motion of rain 

droplets in addition to the intensity of the precipitation. 

Both types of information can be analysed to determine 

the arrangement of storms and their budding to 

cause severe conditions. 

 

Weather radar with rain shaft 

                             Weather was causing echoes on their 

screen was revealed radar operators, masking potential 

adversary targets through World War II. Scientists began 

to lessons the phenomenon, when the technique was 

residential to clean them. Surplus radars were worn to 

detect precipitation, soon after the war. Since then, 

conditions radar has evolved on its own and is now used 

by examine department in university, small screen 

newscasts, and in general conditions services. Routinely 

raw similes were used and to make short 

term forecasts of opportunity position and intensities of 

rain, snow, hail, and other weather phenomena 

specialized software can take radar data. To advance 

analyses and forecasts the radar productivity is even 

incorporated into arithmetical weather forecast model. 

 

 

Weather (WF44) radar dish 

 

HISTORY 

 
Returned echoes due to rain, snow, etc. be noticed 

by services radar operators through World War II. 

Military scientists constant in the Armed Forces in 

budding a use for those echoes or returned to 
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civilian life, after the war. The first prepared 

conditions radars was industrial by David Atlas, 

who worked for the Air Force and later for MIT. In 

Montreal, J.S. Marshall and R.H. Douglas created 

the "Stormy Weather Group". Drop size distribution 

in mid-latitude rain that led to understanding of the 

Z-R relative a well-known work done by Marshall 

and his doctoral scholar Walter Palmer, which 

correlates a given radar reflectivity with the rate at 

which rainwater is increasing., Researchers constant 

to study the radar echo patterns and conditions 

element such as strati form rain and convective 

clouds, and experiment were done to estimate the 

potential of unusual wavelengths from 1 to 10 

centimetres. By 1950 Airborne 'cloud and collision 

warning search radar tools were demonstrated by 

the UK Company, EKCO. 

 

 

          WORKING OF WEATHER RADAR  

 
Sending radar pulses: 
On the order of a microsecond long, using a cavity 

magnetron or klystron cylinder coupled by a wave lead 

to a parabolic antenna, weather conditions radars send 

directional pulses of microwave emission. Because of 

Rayleigh scattering occurs at these frequencies, the 

wavelengths of 1 – 10 cm are about ten times the 

diameter of the droplets or ice particles of interest. Back 

in the way of the radar station, the part of the power of 

each pulse will bounce off these small particles. For 

smaller particles shorter wavelengths are helpful, but the 

signal is more rapidly attenuated. Thus 10 cm (S-band) 

radar is chosen but is more exclusive than a 5 cm C-

band structure. 3 cm X-band radar is used only for short-

range units, and 1 cm Ka-band conditions radar is used 

only for explore on small-particle phenomena such as 

drizzle and fog. 

 

From the radar station a radar beam spreads out as it 

moves away, increasingly large volume were cover by it. 

A radar pulse is traverse is declining declaration at far 

distances, better for areas farther away from the position, 

and smaller for to hand areas. At the end of a 150 – 200 

km sounding range forming the pound volume, it is the 

volume of air scanned by a single beat might be on the 

arrange of a cubic kilometre.  

The volume of air that a specified pulse takes up at any 

position in time may be approximated by the 

formula , where v is the volume enclosed 

by the beat, h is pulse girth (in e.g. meters, designed 

from the length in seconds of the pulse times the rate of 

light), r is the space from the radar that the pulse has 

previously travelled (in e.g. meters), and  is the beam 

width (in radians). This formula assumes the beam is 

symmetrically circular; "r" is much better than "h" so "r" 

taken at the commencement or at the end of the pulse is 

approximately the same, and the figure of the volume is 

a cone frustum of depth "h". 

Listening for return signals: 

                    As it listens for go back signal from particle 

in the air, the radar position serves as a headset between 

each pulse. The pulse period which is a thousand times 

shorter than the distance end to end of the "listen" cycle 

as it is on the order of a millisecond. The need for the 

microwave emission (travels at the speed of light) to 

propagate from the detector to the weather target and 

back again were used to decide the length of this phase, 

numerous hundred kilometres the reserve could be. The 

amount of time that lapses from the beginning of the 

pulse to the discovery of the return signal that’s how the 

horizontal space from station to target is calculated. The 

time is converted into reserve by multiplying by the 

speed of light in air: 

 

 
 

Where c = 299,792.458 km/s is the speed of light, 

and n ≈ 1.0003 is the refractive index of air. 

 

The return from one pulse will be mystified with the 

returns beginning before pulses, resulting in wrong 

distance calculations, if pulses are emitted too frequently. 

 

Determining height 
           According to the reverse curvature of the earth 

the radar beam in vacuum would rise, pretentious that 

the ground is round. Due to the thinning density, the 
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atmosphere has a refractive index that diminish with 

height.  in view of that the twist of the beam is 4/3 the 

authentic curvature of the Earth to equivalent the radar 

beam bends faintly toward the earth and with a normal 

atmosphere. 

 

 
Depending on the altitude angle of the antenna and other 

consideration, the following prescription may be used to 

calculate the target's height above ground: 

 
Where: 

r = distance radar–target, 

ke = 4/3, 

ae = Earth radius, 

θe = elevation angle above the radar horizon, 

ha = height of the feedhorn above ground. 

 

Scanned volume(using multiple elevation angles) 

According to the wants a conditions radar system uses a 

series of usual angles that will be set. The antenna 

elevation is misused for the next sounding, after each 

scanning revolution. To scan all the volume of air 

approximately the radar within the best range the above 

scenario will be frequent on many angles. frequently, to 

have data within 15 km above position and 250 km 

expanse of the radar, the scanning approach is complete 

within 5 to 10 minutes. For instance in Canada, the 5 cm 

weather radars use angles ranging from 0.3 to 25 degrees. 

When several angles are used for how the volumes were 

scanned is shown in the picture. 

 
Due to the Earth's curvature and transform of index of 

refraction with height, the radar cannot "see" below the 

height above earth of the minimal viewpoint (shown in 

green) or closer to the radar than the maximal one 

(shown as a red cone in the centre). 

Calibrating intensity of return 

Because the targets are not single in each volume, 

the radar equation has to be residential beyond the basic 

one. Assuming monostatic 

radar where : 

 

where  is received power,  is transmitted 

influence,  is the gain of the transmit/getting 

antenna,  is radar wavelength,  is the radar cross 

segment of the objective and  is the remoteness from 

spreader to intention. 

In this case, we have to add the cross sections of all the 

targets: 

 

 

Where  is the light speed,  is temporal length of a 

pulse and  is the grin width in radians. 

In combining the two equations: 

 

This leads to: 

 

Notice that the return now varies inversely 

to  instead of . In order to evaluate the data 

coming from unusual distance from the radar, one has to 

standardize them with this ratio. 

DUAL-POLARIZATION RADAR 

MEASUREMENTS 

 
To some specific way radar sends a pulse of microwave 

power. A small fraction of the energy is reflect back to 

the radar, if a objective (e.g. precipitation particles) lies 

along the path of the beam, and connected to the rainfall 

rate by with empirical equations. It is required to take 



ISAR - International Journal of Electronics and Communication Ethics - Volume 1 Issue 1, Jan – Feb 2016 

ISSN: 2457 - 0060                               www.internationaljournalisar.org                              Page 29 

 

into account the four primary properties of 

electromagnetic waves: regularity, phase, division, and 

amplitude, in order to fully exploit and understand the 

backscattered electromagnetic emission from 

hydrometeors. The most important limitation in the 

estimation of rain with weather radars is the use of the 

reflectivity factor Z, which exploits the amplitude 

property. By the use of dual-polarization techniques, 

which are responsive to size, shape, direction and phase 

of the hydrometeors, there are numerous sources of 

uncertainty with only the reflectivity feature that can be 

minimized. 

 

 
 

Droplets of falling water water tend to have a bigger 

straight axis due to the draw coefficient of air while 

lessening (water droplets). This causes the 

water molecule dipole to be leaning in that direction; so, 

radar beams are, generally, polarized level in order to 

receive the maximal indicate indication. 

             By orthogonal division (vertical and 

straight, ZV and ZH respectively) if two pulses are sent 

concurrently, two independent sets of data will be 

received. By some useful ways these kinds of signals 

can be compared using:  

 

Differential Reflectivity (Zdr) – The disparity 

reflectivity is the ratio of the reflected upright and 

straight authority profits as ZV/ZH. Among other gear it 

is a good indicator of drop shape and drop shape is a 

good estimation of average go down size. 

Correlation Coefficient (ρhv) – A statistical connection 

between the reflected horizontal and vertical control 

returns. High values, near one, specify homogeneous 

precipitation types, while lesser values indicate regions 

of varied precipitation types, such as rain and snow, or 

hail. 

Linear Depolarization Ratio (LDR) – This is a ratio of 

a vertical power return from a horizontal pulse or a 

horizontal control come back beginning a vertical pulse. 

It can also indicate regions where there is a combination 

of precipitation types. 

Differential Phase (θdp) – The disparity phase is a 

comparison of the returned phase variation between the 

horizontal and vertical pulses. This modify in phase is 

caused by the disparity in the number of wave cycles (or 

wavelengths) along the propagation path for horizontal 

and vertically polarized waves. It should not be 

mystified with the Doppler occurrence shift, which is 

caused by the motion of the cloud and precipitation 

particles. Unlike the disparity reflectivity, correlation 

coefficient and linear depolarization ratio, which are all 

dependent on reflect power, the disparity phase is a 

"propagation effect." It is a very good estimator of rain 

rate and is not artificial byattenuation. The range 

derivative of disparity phase (specific differential 

phase, Kdp) can be used to localize areas of sturdy 

precipitation/attenuation. 

With more in sequence about particle shape, dual-

polarization radars can more easily distinguish airborne 

debris from precipitation, making it easier to 

place tornados. 

 
Reflectivity (in decibel or dBZ) 

The precipitation rate in the scanned volume would be 

traditional by, return echoes from targets ("reflectivity") 

are analysed for their intensities. To ensure that this 

return is comparative to the rate the wavelengths used 

(1–10 cm) because they are within the strength of 

Rayleigh scattering, which states that the targets must be 

much smaller than the wavelength of the scanning signal. 

Reflectivity supposed by the radar (Ze) varies by the 

sixth power of the rain droplets' diameter (D), the 

quadrangle of the dielectric constant (K) of the targets 

and the drop size distribution (e.g. N[D] of Marshall-

Palmer) of the drops. This gives a truncated Gamma 

function, of the form: 

 

Precipitation rate (R), on the other hand, is equal to the 

number of particles, their volume and their fall speed 

(v[D]) as: 

 

So Ze and R have similar functions that can be resolved 

giving a relation between the two of the form: 
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Z = aR
b
 

Where a and b depend on the style of precipitation 

(snow, rain, convective or stratiform), which has 

unusual , K, N0 and v. 

On every angle of azimuth it obtains certain power of 

return from each type of target encounter, as the antenna 

scans the atmosphere. To have a better data set, 

reflectivity is then averaged for that aim. 

dBZ in which reflectivity is uttered (10 times the 

logarithm of the ratio of the echo to a normal 1 mm 

diameter drop filling the equal scanned volume),as the 

variation in diameter and dielectric constant of the 

targets can lead to large inconsistency in authority return 

to the radar. 
To read reflectivity on a radar display 

Usually radar profits are described by colour or 

level. Blue or green for weak returns, to red or magenta 

for very sturdy profits, that’s how colours in a radar 

image usually range. With the severity of the proceeds, 

the numbers in a verbal report swell. For diverse levels 

of reflectivity, the U.S. National Doppler Radar site uses 

the following scale: 

 

magenta: 65 dBZ (extremely heavy precipitation, 

possible hail) 

red: 52 dBZ 

yellow: 36 dBZ 

green: 20 dBZ (light precipitation) 

 

Strong returns (red or magenta) may specify not only 

important rain but also thunderstorms, hail, sturdy winds, 

or tornadoes, but they want to be interpreted carefully, 

for reasons. 

 

Precipitation types 

Some prove precipitation types through the winter 

month: rain, snow, sundry precipitations 

(sleet and freezing rain), and some displays present by 

commercial weather sites, like The conditions direct. As 

the major being surface reports (METAR), this is not an 

examination of the radar data itself but a post-treatment 

completed with other data sources. 

                      According to the surface hotness and dew 

position reported at the underlying weather stations a 

plan assigns a precipitation type, over the area enclosed 

by radar echoes. Certain automatic ones (AWOS) and 

rain types reported by being operated stations will have 

higher weight. To produce an image with definite zones, 

the program does interpolations. Due to the estimate, 

these will include interruption errors. Meso 

scale variations of the rain zones will also be 

missing.  From models such as NAM and WRF, more 

sophisticated programs use the arithmetic conditions 

forecast output, for the precipitation types and apply it as 

a first supposition to the radar echoes, then use the 

outside data for concluding otput. 

Any precipitation types on radar images are only indirect 

in sequence and must be taken care, until dual-

polarization (section Polarization below) data are 

commonly existing. 

 

Rainfall Example 

 
As a simple model of how polarimetric radar can 

give additional in sequence on precipitation type 

and rate, we will study a hypothetical rain event. 

For example, rain is a very simple precipitation type, 

when compared to snow. Well, you someway had 

the magical ability to unexpectedly stop the rain 

from falling, understand it were wet go outside to 

grab a cubic indicator of air (including suspended 

rain drops), and then take it all inside for 

examination. Once inside, you start remove the 

individual rain drops, examining each of their sizes, 

and adding up the total water contented to get an 

approximation of the rain rate. Let’s suppose that 

the first occasion you do this you find no tiny ones, 

find a few very big drops and get 0.5 inch per hour 

of rain rate. replicate the experiment after coming 

up 15 minutes. But this time you find a great 

number of very small drops and no big ones. But, 

you again get a rain rate of 0.5 inch per hour! Much to 

your shock it does. How can this be? 

The normal size and amount of the rain drops has 

changed considerably but the rain rate has not. It is 

because, in the first model, very little number of large 

drops of rain water was concentrated and, in the second 

sample; very large number of small drops of rainwater 

was determined. The power returned to the radar from 

the first sample might be as much as 10 times superior 

than the power returned to the radar from the second 

sample, since the reflected authority returned to the 

radar is heavily weighted towards the biggest drops. As 

you can see you power end up with either a noteworthy 

overestimation or a significant sarcasm of the rain rate, 

if you are severely via the returned power to estimation 

rain rate. It would all depend on the central drop size. It 

can be a severe restriction of non-polarimetric radars. 
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So far, rain drops are round in shape is what we were 

haughty. In reality, the very minimum drops will be 

spherical in shape. For larger drops, drag forces as they 

fall through a pulling down effect caused the impression 

for very big drops results in "hamburger bun" type 

appearance. We would measure discrepancy reflectivity, 

if we had polarimetric radar. That is, a straight pulse of 

energy would be transmitted and received first. This 

resolve give us an suggestion of the horizontal 

dimension of the drop. A vertical pulse of power would 

then transmitted and established. This will give us an 

suggestion of the vertical dimension of the drop. 

Combined, to get a measure of the average drop figure 

and, in turn, overriding drop size we could use this 

information. To refine the radar rain rate guess this may 

well be used. 

Understanding polarimetric radar control returned 

from oddly shaped ice crystals, snow, hail, and 

regions that contain mixtures of rainfall types can 

get quite complicated. To obtain more in sequence 

on the overall precipitation constitution of the cloud 

polarimetric radars agree to us in each case. 

polarimetric radar measurements lead to better 

weather predictions: 

If it is departing to rain tomorrow, radars won't tell 

you. To observe storm structure and guesstimate 

rain and snow rates, once a cloud develop and rain 

starts falling, they can be used. 

 

The improvement related with polarimetric radars 

come from their ability to supply formerly 

unavailable information on cloud and precipitation 

subdivision shape, size, and ice density. By 

maintenance this in mind, the potential applications 

of polarimetric radar data are planned below. 

 

Improved estimation of snow and rain rates. 

Discrimination of hail from rain and maybe gauging 

hail size. 

Identification of electrically active storms. 

Identification of aircraft icing conditions. 

Identification of precipitation type in winter storms. 

 

To weight the relative consequence of the 

polarimetric variables technique are also being 

developed to use arithmetic functions, as they relate 

to identify each cloud (cloud ice and cloud water) 

and precipitation (hail, snow, ice pellets, and rain) 

particle type. For example, specific discrepancy 

phase may do a healthier job identifying one 

particle type, while discrepancy reflectivity may do 

a better job identifying another. By combining the 

weights for each erratic, a "classification" of the 

dominant particle type can be determined for each 

portion of the cloud. To improve predictions from 

short-term mainframe forecast models, this 

information can be used. 

 
 

CONCLUSIONS 

 
To improve the QPE By using single- and dual-

polarization radar capacity present research is been done. 

In particular, when the melting layer is at lower altitudes, 

added work has to be done to story for the variation of 

the vertical reflectivity profile. It is a real difficulty in 

regions such as the UK, and not be a trouble in regions 

where the melting level is at higher altitudes. 

Polarimetric radar measurements offer the prospect to 

sort hydrometeors, which provides the leeway of 

applying unusual rainfall estimators and lessening 

corrections within the rain region. However, in 

estimating precipitation rates in snow and melting snow 

the difficulty still remains. Over the square reflectivity 

factor, polarimetric radar dimensions potentially give 

imperative advantages have been completed. To 

improve the estimation of rainfall from weather radars 

and its quantitative use in operational hydrology such 

advantages have to be exploited in the best way. The 

meditation of future effort would be on "flood 

producing" storms also focus research effort. 
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