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Abstract 

Weather Radar has been a crucial tool for monitoring precipitation intensity and extent for many years. The 

National Weather Service's Nexrad radar system exemplifies this technology, providing quantitative 

measurements of precipitation, wind speed and direction, and other meteorological data. Additionally, 

Terminal Doppler Weather Radar (TDWR) systems are used near airports to detect dangerous micro bursts, 

which are strong downdrafts that pose hazards to aircraft during take-off and landing. These advancements 

have significantly enhanced weather forecasting and safety measures. 
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I. Introduction 

Most modern weather radars utilise a pulse-Doppler technique that, in addition to providing estimates of 

precipitation rate, also enable the detection of droplet motion with respect to the radar and, as a result, can 

be used to determine radial wind speeds [1][2]. Weather radars usually work with three main types of data. 

In the reflectivity mode, return echoes from targets are analyzed for their intensities to establish the 

precipitation rate in the scanned volume. In the Doppler mode, the precipitation's motion is 

calculated[8][11]. Finally, in the polarization operational mode, orthogonal polarization pulses are used to 

evaluate drop shapes and distinguish amongst different precipitation types, such as rain, snow, or hail [7]. 
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Figure 1: Block Diagram of Weather Radar 

The block diagram illustrates the key components of a Doppler Weather Radar system, showcasing the flow 

of data and control signals through various units[3][4]. The Antenna & Radome unit, located at the top left, 

is responsible for transmitting radar signals and receiving echoes reflected from atmospheric particles, 

which are then analyzed to detect precipitation and measure velocity[5][6]. The antenna is protected by a 

radome and is controlled by the Antenna Control Unit that manages its orientation and movement, 

allowing it to cover a wide area. The antenna control also provides "Angle Tag" data, indicating the 

direction of radar scans[9][10][13]. 

II. Algorithms for Weather Radar Systems 

 

The Algorithms that are widely used for Weather Radar Systems are tabulated below. 

 

Table 1: Algorithms for Weather Radar 

Algorithm Purpose 

Vertically Integrated 

Liquid (VIL) 

Estimates the total mass of precipitation in a cloud, helping assess 

storm intensity. 

VIL Density Calculates precipitation concentration by dividing VIL by cloud 

height, providing clues about the likelihood of large hail[15][16]. 

Potential Wind Gust Estimates wind speeds beneath a storm cell using VIL and cloud 

echo tops, aiding in severe weather warnings. 

Hail Algorithms Detects the presence of hail and estimates its probable size based on 

radar reflectivity, improving storm impact forecasts. 

Meso-cyclone 

Detection 

Identifies rotating storm systems by analyzing velocity changes in a 

circular pattern, which may indicate tornado development. 

Tornado Vortex 

Signature (TVS) 

Detects strong rotational velocity thresholds over multiple scanning 

angles, indicating possible tornado formation. 

Wind Shear in Low 

Levels 

Identifies rapid changes in wind speed/direction to detect 

downdrafts, downbursts, micro bursts, and gust fronts. 

Echo Top Algorithm Determines the highest altitude at which significant precipitation is 

detected, useful for assessing storm strength[12][14]. 
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Lightning Detection 

Algorithm 

Identifies areas of high lightning activity using radar and satellite 

data, enhancing severe weather warnings. 

Turbulence Detection 

Algorithm 

Analyzes rapid wind speed fluctuations to detect turbulence zones, 

crucial for aviation safety. 

 

III. Results & Discussions 

 

a) SNR vs Range 

The graph depicts the relationship between Signal-to-Noise Ratio in dB and Target Range in km for a 

weather radar system. The solid blue line represents how SNR decreases as the target range increases, 

indicating that detection capability weakens with distance. Two dashed lines represent "Objective 

Detectability" and "Threshold Detectability," marking the minimum SNR levels required for reliable and 

marginal detection, respectively. The background is color-coded, indicating the green region as the 

sufficient SNR for detection and the red region as the area of unreliable detection. A vertical black dashed 

line indicates the "Max Range," which is the area beyond which the targets are not effectively detected.  

 
Figure 2: Simulation Result for SNR vs Range 

 

b) CNR vs Range 

The graph showins the Carrier-to-Noise Ratio (CNR) in decibels as a function of target range (km). Several 

curves are present, each showing different detection thresholds and conditions: "Weather Radar," "Objective 

Detectability," "Threshold Detectability," and "Horizon Range." The plotted lines are near the zero dB level, 

indicating that the CNR is very low across the target range. It implies that the ability of the radar system to 

detect targets has decreased substantially at a large range, which might be due to signal attenuation or 

propagation loss.  

 
Figure 3: Simulation Result for CNR vs Range 
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c) Link Budget 

The graph is about the presentation of the required Signal-to-Noise Ratio in decibels for a weather radar 

system. The chart has bar segments, where red-coloured bars show positive SNR values that indicate high 

requirements, and the green-colored bar indicates a negative SNR value, that means reduction in the SNR 

requirement. The dotted blue line refers to a baseline level at around -5.30 dB. The values that appear within 

the bars (10.76 dB, -18.06 dB, and 2.00 dB) correspond to the respective contributions of conditions to the 

required SNR in the system. The fact that both positive and negative values occur means that certain 

conditions add to the required SNR while others subtract from it, thus making targets detectable in the radar 

system. 

 
Figure 4 : Simulation Result for Link Budget 

 

d) Environmental Losses 

The graph is shown of the different propagation and loss factors which influence the performance of 

weather radar as a function of target range in km. It has four subplots: Radar Propagation Factor, 

Precipitation Loss, Lens Effect Loss, and Atmospheric Gas Loss. The Radar Propagation Factor is nearly 

constant around 1 dB for all target ranges; therefore, it indicates that the signal propagation characteristics 

are not changed much. Precipitation Loss , Lens Effect Loss, Atmospheric Gas Loss is almost 0 dB in value, 

implying that their effect is negligible over this range. 

 
Figure 5 : Simulation Result for Different Environmental Losses 

e) Pd vs Range 

The graph represents the Probability of Detection (Pd) as a function of Target Range (km) for a weather 

radar system. The blue curve shows the radar's detection probability, while the dashed lines indicate key 

reference points: Objective Pd  (higher probability threshold), Threshold Pd (minimum required probability 

for reliable detection), and Max Range (marked by a vertical dashed black line). The graph shows that at 

short ranges, the radar maintains nearly perfect detection capability. However, as the target range 

approaches 2000 km (the max range limit), the probability of detection starts to drop. Beyond 2500 km, the 

http://www.ijcrt.org/


www.ijcrt.org                                                      © 2025 IJCRT | Volume 13, Issue 3 March 2025 | ISSN: 2320-2882 

IJCRT2503580 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org f56 
 

detection probability decreases rapidly, nearing zero around 3000 km. This suggests that while the radar 

performs well within its operational range, detection becomes increasingly unreliable at long distances due 

to factors like signal attenuation, environmental conditions, and system limitations. 

 
Figure 6 : Simulation Result for Probability of Detection vs Range 

 

f) Pd vs SNR 

The graph illustrates the Probability of Detection (Pd) as a function of Signal-to-Noise Ratio (SNR in dB) 

for a weather radar system, with a false alarm probability (P_{fa}) of 0.001. The blue curve represents how 

detection probability increases with higher SNR values. The dashed lines indicate the Objective Pd (higher 

detection probability requirement) and Threshold Pd  (minimum acceptable detection probability). The 

graph shows that at lower SNR values (below -8 dB), detection probability remains low. As SNR improves, 

the probability of detection increases steeply, surpassing the threshold and objective detection probabilities. 

The contour lines indicate different false alarm rates, showing the system’s sensitivity under various 

conditions.  

 
Figure 7 : Simulation Result for Probability of Detection vs SNR(dB) 

 

g) Range-Doppler Coverage 

This graph illustrates the relation between Unambiguous Range (km) and First Blind Speed (m/s) for a 

weather radar with an operating frequency of 2.8 GHz. The inverse nature of these parameters is well 

shown in the curve in the form of blue; it can be inferred that with the increase in the unambiguous range, 

the first blind speed decreases. Both the axes are on logarithmic scales and have depicted an exponential 

relationship between these parameters. A particular point is indicated on the graph, which gives values 
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for: Unambiguous Range (𝑅𝑢): 468.426 km;  First Blind Speed (𝑣𝑏): 17.131 m/s Pulse Repetition 

Frequency (PRF): 0.32 kHz 

 
Figure 8 : Simulation Result for Range Doppler Coverage 

 

h) Metrics and Requriments 

The following table provides a comparative analysis of the Radar performance metrics categorized under 

Threshold, Objectives, and Weather Radar values. Each row contains a key radar parameter along with its 

unit of measurement. The Threshold column shows the minimum acceptable performance, and the 

Objectives column defines the target desired values for optimum performance. The column for Weather 

Radar depicts the actual performance the system has achieved. 

Table 2 : Comparison of Radar Performance Metrics 

 

Metrics Threshold Objectives Weather Radar 

Probability of Detection 0.5 0.9 0.9989 

Min Detectable Signal -90 dBm -120 dBm -120.4 dBm 

Min Range 3000 M 150 M 224.8 M 

Unambiguous Range 100 Km 115 Km 468.4 Km 

Range Resolution 400 M 350 M 299.8 M 

First Blind Speed 10 m/s 15 m/s 17.13 m/s 

Range Rate Resolution 5 m/s 1 m/s 0.2677 m/s 

Probability of True Track 0.9 0.95 1 

Probability of False Track 1e-06 1e-08 7.459e-12 

Effective isotropic Radiated 

Power 

1.3e+04 MW 1.5e+04 MW 1.581e+04 MW 

 

IV. Conclusion 

Weather radar observations have a lot of potential for many uses, especially in the hydrological field. This is 

readily disclosed for emergency management, the evaluation of damage from extreme occurrences, and the 

delivery of a number of prediction services. This Work proposes an overview of different Performance 

Metrics Range, Resolution, Probability of Detection , Probability of True Track etc of  Weather Radar. All 

the Simulations are carried out using Matlab Tool and the Results are compared with the Standard 

Performance Metrics. 
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