

	
Variation of Rain Microstructure Parameters with Weather Conditions in South-Western Nigeria using a Micro Rain Radar.

[bookmark: _GoBack]
Abstract
Tropical regions experience diverse and complex precipitation patterns, posing significant challenges for accurate rainfall estimation and forecasting. This study addresses the problem of effectively classifying tropical rain types and refining the Z-R (Reflectivity-Rain Rate) relationship across vertical profiles to enhance rainfall estimation accuracy. Through a combination of remote sensing, meteorological analysis, and machine learning, the research aims to develop an advanced classification framework capable of distinguishing between different types of tropical rain based on their unique characteristics. This involves utilizing high-resolution satellite imagery, radar data, and atmospheric parameters to categorize precipitation events into distinct classes, providing a comprehensive understanding of tropical rain systems. Additionally, the study seeks to improve the Z-R relationship, a crucial aspect of rainfall estimation. One year of rainfall data was analyzed using a Micro Rain Radar (MRR) located at The Federal University of Technology Akure, Nigeria, measuring rainfall parameters from ground level to a height of 4.8 km with a vertical resolution of 0.16 km. Rain rates were classified into low (stratiform) and high (convective) based on various microstructural attributes such as rain rates, liquid water content, Drop Size Distribution (DSD), average fall speed of the drops, and radar reflectivity. By integrating diverse datasets and employing advanced statistical techniques, the study aims to enhance the precision of Z-R models, offering a more reliable means of estimating rainfall rates from radar reflectivity data. This refined Z-R relationship holds significant potential for improving our understanding of tropical rain systems and enhancing forecasting accuracy in regions prone to heavy precipitation.
Keywords: Remote sensing, precipitation, drop size distribution, micro rain radar, rain rate.
1. Introduction
Precipitation is the general name given to all forms of moisture that falls from the atmosphere on to the ground. It includes rainfalls, snow, sleet glaze and hail. Rainfall is the amount of rain that falls in a location over a period of time and therefore a type of precipitation that occurs when water vapor in the atmosphere condenses into droplets that can no longer be suspended in the air. (Aphu Elvis Selase, Danso Eunice Eyra Agyimpomaa, David Deborah Selasi, Dzameh Melody Nina Hakii 2015) Rainfall is a natural phenomenon with non-uniform structure. Its variability in time, space, duration and frequency of occurrence dictates the need for the knowledge of its dynamics, particularly as required for quantifying its effect on radio waves at frequencies beyond 10 GHz. (G. O. Ajayi, S. Feng, S. M. Radicella, and B. M. Reddy (Eds.), 1996). 
Rainfall is important in the hydrologic cycle, which is the continuing movement of water below, on, and above Earth's surface. This cycle involves water stored primarily in oceans, but also underground and in lakes, rivers, ice caps, and glaciers. Moisture evaporates from these containers and condenses in clouds, where it travels various distances before falling (precipitating) back to Earth as rainfall (and other forms of precipitation). Water hitting Earth eventually finds its way to storage containers where it begins the cycle again. It is important to know that almost all water on Earth has neither been created nor lost over billions of years. The water present one billion years ago, for example, is being used today for drinking, bathing, cooking, and other uses. (Frederick, Kenneth D, Edward Elgar Publishing, 2002.)
Rainfall patterns play a crucial role in various sectors, influencing agriculture, water resource management, and infrastructure planning. However, accurately assessing rain attenuation- the signal loss in radar systems due to rain drops- is a challenging aspect of meteorological research. In response to this challenge, this project focuses on the analysis of rain attenuation using vertically pointing micro rain radar, a sophisticated technology designed to provide detailed insights into precipitation characteristics.
The Aims of this project are to analyze rain attenuation and measure parameters such as rain rates, drop size distributions, radar reflectivity, liquid water content, fall velocity of hydro meteors and other rain parameters using vertically pointing micro rain radar. For this study, MRR deployed at FUTA in a vertically pointing position over Nigeria to measure various meteorological parameters associated with rain.
Some preliminary results showing the variation of all the rainfall parameters with heights based on few case studies during the rainy period of the year 2022 were presented in this paper. Also, the time distribution of rainfall intensity and the monthly accumulation of rainfall during the Monsoon period of the year were also presented and analyzed. 

2. Theoretical Bachground
Rain attenuation models are based on the properties of rain drops and interaction between rain drops and electromagnetic waves (Saurabh D. et. al 2010)
Proper prediction method leads to right site location through the analysis of climatic variation of attenuation (Sen A K, Das T K, Deb Barman S, Karmakar P K, Devgupta A K, Dasgupta M K, Calla O P N & Rana S S, 1990), (Sen A K, Karmakar P K, Das T K, Rahaman M & Deb Barman S (1991). Some prediction methods of wide use are: Garcia-Lopez’s method and Moupfouma’s method. 
Garcia-Lopez’s method 
This is a simple method which has been developed by using a good data base. Here, values of the coefficients that occur during calculation of attenuation are supplied separately for tropical countries. The method gives attenuation formula as: 	

		                    		(1)
Values of the constants k and A depend on frequency, temperature and drop-size distribution. The CCIR Tables prepared on the basis of vertical and horizontal polarizations (between 1 and 400 GHz) provide values of the constants. (Prasad M V S N, Sarkar S K, Sain M & Reddy B M, (1994) considered only vertical polarization. Here, R = rain rate in mm/h and Ls = Equivalent path length (in km), where,
Ls = (hFR − hS)/sinθ     							(2)
Here, hS = ground elevation in km; θ = elevation angle; hFR = isotherm height and a, b, c, d, e are constants and their values are given by ( Garcia-Lopez J A, Hernanando J M & Selga J M, (1988) 
Moupfouma’s method
The method has been developed by using mainly tropical data. The method needs elevation angle of the slant path, site height from sea level, etc. Here, the rain rate for 0.01% of time and also for other percentage of time is needed to introduce the concept of correction factor. Predicted attenuation is given by:                                                       

						(3)
Where, 
m = 1 + 1.4 × 10-4f 1.76loge(Ls) 
f = Frequency in GHz
Ls = Slant path length (km)
η = 0, if l < 5 km and f < 25 GHz and η = 0.03 for all other cases.
k,a = Those constants mentioned in Garcia-Lopez’s method (Sen A K, Das T K, Deb Barman S, Karmakar P K, Devgupta A K, Dasgupta M K, Calla O P N & Rana S S, Modelling (1990)
p = Percentage of time
R0.01= Rain rate for 0.01% of time
Rp = Rain rate for p % of time
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Figure 1: Block diagram of Micro Rain Radar MRR (METEK, 2005)
Rainfall in Communication
Rainfall which is a natural phenomenon with non-uniform structure has its variability in time, space, duration and frequency of occurrence dictates the need for the knowledge of its dynamics, particularly as required for quantifying its effect on radio waves at frequencies beyond 10 GHz. (G. O. Ajayi, S. Feng, S. M. Radicella, and B. M. Reddy (Eds.), 1996). The scattering, absorbing and depolarizing impact on signal propagations in microwave and millimeter wave bands remain a major concern for satellite and terrestrial link designs. Recent technological advancements such as the internet-of-things (IOT) actually suggest the need for increased broadband connectivity and penetration. This is a rising demand for the connectivity of personal devices and appliances. In order to meet this demand, a number of infrastructures are currently in use as backhaul for reliable service delivery. Communication satellite links, terrestrial microwave links and fiber optic links (undersea and hinterland) are typical examples. However, due to the wide and expansive coverage offered by communication satellite, it’s been a prominent infrastructure for communication backhauling globally. It has also been broadly explored in bridging the existing digital divide across the urban, sub-urban and rural areas, particularly for the deployment of digital television, even in Nigeria.
Seemingly, communication satellites has served and continues to serve a host of applications ranging from direct-to-home (DTH), broadband service provision with extended applications in telemedicine, e-learning (virtual libraries and virtual laboratories), e-banking, e-commerce, e-agriculture, e-governance, e-voting and in surveillance in community policing and military missions. (T.S. Ibiyemi, 2011) (L. Lawal, T. Ahmed-Rufai, C. Chatwin, R. Young, 2013). In recent years however, its impact on home entertainment has been tremendous. It has enhanced television viewing experience with the provision of sharply defined images and quality sound to subscribers, either on the free or pay subscription platforms. Moreover, it also serves as the main backhaul infrastructure for the distribution of digital television contents to cable TV operators and terrestrial television operators for onward distribution terrestrially within their respective coverage. (O.O. Obiyemi, T.S. Ibiyemi, and S.O. Akande 2014.)
Hence in order to maintain designed performance for satellite links operating in the microwave and millimeter wave bands, the prediction of the attenuation induced by rain is important and it depends on the knowledge of the rainfall rate or the rain drop size distribution. In this paper, we investigate the impact of the temporal variability of rainfall using the micro rain radar.
3. Data Collection
Project Site
The Federal University of Technology in Akure, Ondo State, Nigeria (7°15'N, 5°15'E) was chosen as the study's measuring location. This experiment was conducted in Ondo State, South-Western Nigeria, which is made up of lowlands and rough hills with granitic outcrops in a few locations. Generally speaking, the land slopes from the southern coastal region (less than 15 meters above sea level) to the rocky hills of the northern section. Ondo State has a Lowland Tropical Rain Forest climate, which features different dry and wet seasons. The average monthly temperature in the south is around 27°C, with an average monthly range of 2°C, and the average relative humidity is over 75%. However, the average monthly temperature and its range in the northern section of the country are roughly 30°C and 6°C, correspondingly. The mean monthly relative humidity is less than seventy per cent. In the south, rain rains every day of the year with the possible exception of November, December, and January, which can be comparatively dry. The average yearly total precipitation is more than 2000 millimeters. The North, however, experiences a distinct dry season from November to March during which little to no rain occurs. As a result, the annual rainfall total in the north is much lower, at roughly 1800 millimeters.
3. Description of Instrument.     
The (MRR-2) Micro Rain Radar is strategically positioned at an elevated site to facilitate vertical profiling of the atmosphere. The radar's antenna is configured to point vertically, allowing for accurate measurements of rainfall characteristics throughout the entire vertical column. The choice of antenna beam width and pulse repetition frequency is optimized for the specific goals of the study. To complement radar observations, a network of ground-based rain gauges is deployed in proximity to the radar site. These rain gauges provide independent measurements of rainfall intensity, serving as a validation mechanism for the radar-derived precipitation data.
Table 1: Data format (METEK 2005)
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The following formulae define the integral parameters from the DSD have been estimated (Saurabh Das et. al. 2010):
Liquid water content,

	----------------------------------------------------(1)
Rain rate,

	--------------------------------------------------- (2)
Radar reflectivity,


	-------------------------------------------------------------- (3)

And the mean drop diameter 

		--------------------------------------------------------------- (4)


 Is the mean drop diameter in mm, is the density of water, D is the diameter of drop in mm. LWC is the liquid water content in mg/m3, RR is the rain rate in mm/hr.
The measured data are displayed in lines following the header. For each measured variable there is one line starting with a 3-character identifier of the variable. Each line represents a profile of this variable, i.e. a function versus height. Each data entry is 7 characters wide. Height is running from left to right in increments according to the chosen height resolution of the MRR. Invalid or not calculable values are coded as 7 consecutive space characters. Space characters at the end of a line are omitted in order to save disk space. So lines can have different lengths although representing the same number of height steps.
4. Experimental Observations
Detailed analysis of rain attenuation, rain rate, fall velocity, radar reflectivity, and time distribution of rainfall intensity using the vertically pointing micro rain radar data collected during the experimental campaign. We analyze data from a 24 GHz vertically pointing micro rain radar located in Federal University of Technology Akure in order to derive statistics on rain attenuation recorded during the rainy days of year 2022. Stratiform rain events are covered in the dataset. Rain rate measurements are recorded every minute at 160 m vertical resolution.


Table 2: Sorted data of different stratiform and convective rain rates at different heights.
	H
	RR1
	RR2
	RR3
	RR4
	RR5
	RR6
	RR7
	RR8
	RR9

	160
	0.17
	0
	0.06
	0.17
	0.24
	0.23
	0.04
	0.56
	0.28

	320
	0.17
	0.08
	0.21
	0.22
	0.53
	0.66
	0.21
	0.67
	0.37

	480
	0.22
	0.45
	0.53
	0.51
	0.61
	0.66
	0.6
	0.59
	0.4

	640
	0.06
	0.41
	0.66
	0.52
	0.59
	0.46
	0.48
	0.53
	0.5

	800
	0.11
	0.46
	0.56
	0.45
	0.47
	0.43
	0.57
	0.4
	0.4

	960
	0.28
	0.39
	0.47
	0.47
	0.45
	0.28
	0.42
	0.34
	0.37

	1120
	0.24
	0.34
	0.38
	0.44
	0.37
	0.35
	0.35
	0.23
	0.31

	1280
	0.3
	0.37
	0.38
	0.35
	0.31
	0.35
	0.32
	0.22
	0.24

	1440
	0.29
	0.39
	0.36
	0.37
	0.31
	0.34
	0.32
	0.25
	0.17

	1600
	0.18
	0.33
	0.33
	0.31
	0.27
	0.33
	0.32
	0.24
	0.16

	1760
	0.18
	0.32
	0.3
	0.32
	0.33
	0.34
	0.37
	0.28
	0.2

	1920
	0.19
	0.25
	0.37
	0.28
	0.34
	0.26
	0.37
	0.22
	0.23

	2080
	0.28
	0.35
	0.33
	0.29
	0.25
	0.21
	0.36
	0.12
	0.23

	2240
	0.31
	0.41
	0.35
	0.25
	0.27
	0.21
	0.32
	0.09
	0.17

	2400
	0.28
	0.41
	0.3
	0.33
	0.29
	0.25
	0.36
	0.2
	0.24

	2560
	0.38
	0.28
	0.26
	0.25
	0.24
	0.28
	0.34
	0.1
	0.15

	2720
	0.43
	0.29
	0.23
	0.2
	0.13
	0.31
	0.33
	0.04
	0.21

	 2880
	0.44
	0.42
	0.28
	0.41
	0.36
	0.38
	0.36
	0
	0.21

	3040
	0.35
	0.32
	0.26
	0.38
	0.9
	1.14
	1.16
	0.95
	1.51

	3200
	0.38
	0.33
	0.27
	0.29
	11.02
	16.58
	16.87
	18.52
	22.57

	3360
	0.35
	0.26
	0.34
	0.31
	22.78
	33.85
	34.47
	38.94
	5.62

	3520
	0.36
	0.19
	0.22
	0.3
	3.99
	5.75
	6.08
	4.87
	0.16

	3680
	0.3
	0.29
	0.17
	0.35
	0.45
	0.48
	0.74
	0
	0.26

	3840
	0.61
	0.86
	0.81
	0.87
	1.22
	0.98
	1.13
	0
	0.5

	4000
	2.07
	2.47
	3.17
	3.08
	4.35
	4.51
	4.12
	0
	0.27

	4160
	2.49
	2.68
	3.86
	3.82
	5.9
	6.57
	5.72
	0
	0

	4320
	1.29
	0.79
	1.63
	2.02
	2.91
	3.64
	3.03
	0
	0

	4480
	0.7
	0
	0
	0.65
	0.66
	1.43
	1.6
	0
	0

	4640
	0.28
	0
	0.42
	0
	0
	0.72
	0
	0
	0.38

	4800
	0.57
	0.79
	0.26
	0
	0.43
	0
	0
	0
	




         
Figure 2a: showing the variation of heights (160-3200m)                    Figure 2b: showing the variation of heights (160-4800m)
to average rain rates (RR1-RR3). 			         to average rain rates (RR1).




Figure 2c: showing the variation of heights (160-4800m) to average rain rates (RR8).
Figures 2a, 2b and 2c shows the variations of rain rates with heights at various time on a particular rainy days together with the average rain rates for the same day and bulk of the rain is stratiform. Convective rain was experienced at height 3360 m
 
Figure 3a: Time Distribution of Rainfall Intensity in June 2022

Figure 3b: Time Distribution of Rainfall Intensity in September 2022


Figure 4: Plot of Rain rate with percentage of time ordinate for measured date and ITU-R values

Figure 5a: Plot of rain rates vs height			Figure 5b: Plot of Fall velocity vs height

Figure 5c: Plot of Fall Velocity vs Height			Figure 5d: Plot of Radar Reflectivity vs Height


Figure 5e : Plot of Average Radar Reflectivity and Fall Velocity vs Height

4.11     Rain Microstructure
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Figure 6: Plots of (a)Average fall velocity (b) Average rain rates (c) Average liquid water content (d) Absolute distribution of rain rates for 5th November 2022

Figures 3a and 3b shows the time distribution of rain intensity for the month of June and September 2022. Some notable convective rainfall are noticed at some periods which account for attenuation due to rain leading to poor or complete loss of signals which ultimately reduces signal strength at the periods of the day. The attenuation of electromagnetic waves due to rainfall is a critical factor in radar and telecommunication systems, particularly at frequency above 10 GHz used for data transfer.
Figure 4 shows the cumulative distribution of measured rain rate compared with  ITU-R model. The higher the rainfall rate the lower the corresponding percentage of time recorded while the lower the rainfall rate the higher the percentage of time. It could be observed that the recent ITU-R model underestimated the rain rate values in this region. At 0.01% of time the measured rain rate was about 35% under estimated.
Figures 5a to 5d are plots of variations of rain rates (RR), fall velocity (LWC) and Radar reflectivity (Z) with heights at various time on a particular rainy day. Figure 5e shows the average radar reflectivity and fall velocity with heights. It was observed that the curves of Rain rates, Liquid water content versus local time follow the same pattern having the peak and lowest values at same heights. 
Results of Figure 6 can be summarized in the tables below:
Table 3: Number and duration of rain events in each threshold during the period of measurement
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Table 2 shows the rain events that were captured in the data over the year of measurements (2022) and the total time for which the threshold values were exceeded.
Results of rain distribution across various heights above sea level are as shown below:
Ranges of rain rates                   Rain distribution
0-20	181
20-40	1
100-120	1
The highest rain rate of 111.23mm/hr is at 02:55 LT and the highest liquid water content of 27.95g/m3 is also at this time. %age stratiform rain is 95.63% and 4.37% convective for 5th of November, 2022. This further confirms that stratiform rain is predominant in the tropical regions.
5. Conclusion
Based on propagation point of view, vertical profiles of rain microstructures like rain rate, radar reflectivity, liquid water content, and fall velocity have been analysed in this work. The average time distribution of rainfall intensity were also studied for some specific rainy days of the year using Micro Rain Radar and ground based rain gauge for tropical rain over Akure South-western part of Nigeria. From the MRR observation, rain is classified into two different types based on the different microphysical parameters mentioned above and it was observed that the nature of rain changes with time during a rain event. The drop size distribution at different height gives an insight of the physical process associated with rain in this region. Further comparison of rain rates with MRR and rain gauge (as shown in figure 4) shows good agreement. Results from the analyses will provide a further insight into the tropical rain structure and the applicability for satellite communication links designing at high frequencies for tropical sites. 
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Time Distribution of Rainfall Intensity: June 2022
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Rain Rate (mm/h)



Time Distribution of Rainfall Intensity: Sept 2022
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Rain Rate (mm/h)


Measured	1.7189122533748702	1.2684968847352025	0.78400830737279326	0.53543613707165105	0.38973260643821389	0.30990394600207682	0.24954569055036344	0.19567757009345796	0.17069055036344755	0.14570353063343716	0.12136552440290757	9.5404984423676009E-2	7.6259086188992728E-2	6.3278816199376947E-2	4.4457424714434063E-2	2.5960539979231569E-2	1.4278296988577362E-2	6.8146417445482865E-3	5.1921079958463139E-3	1.622533748701973E-3	9.735202492211838E-4	1	0.3	0.1	0.03	0.01	3.0000000000000001E-3	1E-3	1	2	3	4	5	6	8	10	12	15	20	25	30	40	50	60	80	100	125	150	180	ITU-R	1.7189122533748702	1.2684968847352025	0.78400830737279326	0.53543613707165105	0.38973260643821389	0.30990394600207682	0.24954569055036344	0.19567757009345796	0.17069055036344755	0.14570353063343716	0.12136552440290757	9.5404984423676009E-2	7.6259086188992728E-2	6.3278816199376947E-2	4.4457424714434063E-2	2.5960539979231569E-2	1.4278296988577362E-2	6.8146417445482865E-3	5.1921079958463139E-3	1.622533748701973E-3	9.735202492211838E-4	1	0.3	0.1	0.03	0.01	3.0000000000000001E-3	1E-3	3.4	8.9	20.100000000000001	40.799999999999997	63.8	90.8	118.1	Percentage of Time ordinate exceeded

Rain rate, mm/h


RR VS HEIGHT
RR1	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	0	0	0	0	0	0	7.0000000000000007E-2	0.04	0.13	0.13	0.15	0.11	0.05	0.08	0.16	0.09	0.03	0.1	0.06	0.25	0.14000000000000001	7.0000000000000007E-2	0.04	0.13	0.02	0.06	0.11	0	0	0	RR2	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	0	0	0	0	0	0	0	0	0	0	0	0	0.05	0.02	0.05	0.03	0.02	0.04	0.05	0.15	0.03	0.06	0.09	0.16	0.16	0.13	0.21	0.16	0	0	RR3	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	0	0	0	0	0	0	0	0	0	0	0.01	0.04	0.03	0.11	0.13	0.03	0.08	0.02	0	7.0000000000000007E-2	0	0.04	0.11	0.19	0.53	0.96	0.83	0.14000000000000001	0	0	RR4	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	0	0	0	0	0	0	0	0	0	0.03	0.08	0.09	0.08	0.08	0.05	0.06	0.13	0.05	0.04	0.28999999999999998	0.28999999999999998	0.28000000000000003	0.32	0.41	1.2	2.59	2.4700000000000002	1.17	0.77	0.9	RR5	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	0	0	0.09	0.13	0.08	0.09	0.12	0.12	0.16	0.17	0.19	0.12	0.11	0.14000000000000001	0.18	0.16	0.19	0.12	0.02	0.38	0.22	0.12	0.24	0.24	0.81	2.2599999999999998	2.09	1.1599999999999999	0.93	0.6	Height (km)
RR (mm/hr)
Fall velocity vs Height
W1	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	3.9	4.5	4.9249999999999998	5.3	5.7750000000000004	6.1749999999999998	6.35	6.4249999999999998	6.4249999999999998	6.35	6.05	5.75	5.7	5.5750000000000002	5.55	5.5	5.25	5	4.6500000000000004	4.5750000000000002	4.2	3.9249999999999998	4.0250000000000004	4.375	4.9749999999999996	5.5250000000000004	5.125	3.875	1.6	2.2999999999999998	W2	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	5.5250000000000004	5.7	5.75	6.35	7.1	7.2750000000000004	7.0750000000000002	6.875	6.55	6.2	5.875	5.7249999999999996	5.65	5.625	5.6	5.625	5.35	5	4.5750000000000002	4.3499999999999996	4.0750000000000002	3.8250000000000002	3.75	4.0250000000000004	5.0750000000000002	5.5250000000000004	4.8	3.375	1.1499999999999999	1.675	W3	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	6.35	6.45	6.7750000000000004	7.4749999999999996	7.75	7.6749999999999998	7.45	7.1	6.65	6.35	6.15	5.95	5.7249999999999996	5.625	5.7	5.625	5.25	4.8	4.3250000000000002	4.2750000000000004	4.05	3.9	3.8	3.6749999999999998	4.375	4.9249999999999998	4.3250000000000002	3.15	0.82499999999999996	0.3	W4	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	7.1749999999999998	7.5250000000000004	7.6749999999999998	7.8	7.7	7.4	7.1	6.8	6.4749999999999996	6.25	6.1	5.9749999999999996	5.75	5.5750000000000002	5.625	5.6	5.3	4.8	4.2249999999999996	4.2750000000000004	4.2249999999999996	3.9	3.6	3.5249999999999999	3.75	4.1749999999999998	3.9750000000000001	3.0750000000000002	1.375	0.25	W5	0.16	0.32	0.48	0.64	0.8	0.96	1.1200000000000001	1.28	1.44	1.6	1.76	1.92	2.08	2.2400000000000002	2.4	2.56	2.72	2.88	3.04	3.2	3.36	3.52	3.68	3.84	4	4.16	4.32	4.4800000000000004	4.6399999999999997	4.8	7.6	7.6749999999999998	7.4749999999999996	7.2750000000000004	7.1	6.9	6.65	6.55	6.3250000000000002	6.1749999999999998	6.0750000000000002	5.9	5.8	5.55	5.5250000000000004	5.4249999999999998	5.0750000000000002	4.7	4.375	4.2750000000000004	3.6749999999999998	3.1749999999999998	3	2.7	2.95	2.1	3.2250000000000001	3.1	1.5	1.7	Height (Km)
Fall velocity (m/s)
Fall velocity of drop
W1	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	4.1000000000000005	4.7333333333333334	4.333333333333333	4.4333333333333336	3.9666666666666668	3.5333333333333332	4	3.6333333333333333	4.166666666666667	4.4333333333333336	4.7	4.7333333333333334	4.5666666666666664	4.4333333333333336	4.5	4.0333333333333332	3.9666666666666668	4.5	4.333333333333333	4.833333333333333	4.3999999999999995	3.6999999999999997	3.9666666666666668	4.3999999999999995	4.2333333333333334	4.1000000000000005	4.5666666666666664	4.2666666666666666	1.6333333333333335	0	W2	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	3.8666666666666667	4.8666666666666663	4.3	3.9333333333333336	3.6999999999999997	3.6333333333333333	3.1999999999999997	3.1333333333333333	2.8666666666666667	3.1666666666666665	2.3666666666666667	2.3333333333333335	3.5	3.6333333333333333	3.7666666666666671	3.1666666666666665	3	2.8666666666666667	2.9333333333333336	4.6000000000000005	3.9666666666666668	4.2333333333333334	4.833333333333333	5.0666666666666664	4.833333333333333	4.3999999999999995	4.7	4.5	1.5666666666666667	0.6	W3	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	3.0333333333333332	4.7	3.5666666666666664	3.8333333333333335	2.7333333333333329	3.4666666666666668	2.9666666666666668	2.5666666666666669	3.1666666666666665	2.7666666666666671	3.2333333333333329	3.6999999999999997	4.2333333333333334	4.7333333333333334	5.1333333333333337	4.9333333333333336	4.6333333333333337	3.9	3.5	4.166666666666667	3.5666666666666664	4.166666666666667	4.666666666666667	4.8999999999999995	5.8	6.333333333333333	5.9666666666666659	4.7333333333333334	2.2333333333333334	2.8000000000000003	W4	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	3.7333333333333329	4.2666666666666666	4.0333333333333332	4.2666666666666666	3.5	3.5333333333333332	3.1666666666666665	2.5666666666666669	2.4	3.9	4.2	4.6333333333333337	4.5333333333333332	4.1000000000000005	4.0666666666666664	3.9666666666666668	3.9	4.166666666666667	4.666666666666667	5.6333333333333329	6.2	6.8666666666666671	7.1000000000000005	7.3999999999999995	8.2000000000000011	8.5333333333333332	7.7	5.9333333333333336	4.833333333333333	4.7666666666666666	Height (m)
fall velocity
radar reflectivity
Z1	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	12.3	14.2	13	13.3	11.9	10.6	12	10.9	12.5	13.3	14.1	14.2	13.7	13.3	13.5	12.1	11.9	13.5	13	14.5	13.2	11.1	11.9	13.2	12.7	12.3	13.7	12.8	4.9000000000000004	Z2	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	11.6	14.6	12.9	11.8	11.1	10.9	9.6	9.4	8.6	9.5	7.1	7	10.5	10.9	11.3	9.5	9	8.6	8.8000000000000007	13.8	11.9	12.7	14.5	15.2	14.5	13.2	14.1	13.5	4.7	1.8	Z3	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	9.1	14.1	10.7	11.5	8.1999999999999993	10.4	8.9	7.7	9.5	8.3000000000000007	9.6999999999999993	11.1	12.7	14.2	15.4	14.8	13.9	11.7	10.5	12.5	10.7	12.5	14	14.7	17.399999999999999	19	17.899999999999999	14.2	6.7	8.4	Z4	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	11.2	12.8	12.1	12.8	10.5	10.6	9.5	7.7	7.2	11.7	12.6	13.9	13.6	12.3	12.2	11.9	11.7	12.5	14	16.899999999999999	18.600000000000001	20.6	21.3	22.2	24.6	25.6	23.1	17.8	14.5	14.3	Height (m)
Radar reflectivity
Average Radar Reflectivity vs Height
Zavr	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	12.200000000000001	14.725000000000001	14.212499999999997	14.375	13.512500000000003	13.6875	13.200000000000001	12.612499999999999	12.924999999999999	13.474999999999998	13.35	13.4375	13.924999999999999	13.762500000000001	13.725000000000001	13.2875	13.200000000000001	13.362499999999999	13.5	15.549999999999997	15.05	15.05	16.037499999999998	17.237500000000001	19.549999999999997	20.662499999999998	19.537499999999998	15.475	10.050000000000001	8	Wavr	160	320	480	640	800	960	1120	1280	1440	1600	1760	1920	2080	2240	2400	2560	2720	2880	3040	3200	3360	3520	3680	3840	4000	4160	4320	4480	4640	4800	4.0666666666666664	4.9083333333333332	4.7375000000000007	4.791666666666667	4.5041666666666664	4.5625	4.3999999999999995	4.2041666666666666	4.3083333333333336	4.4916666666666663	4.45	4.4791666666666661	4.6416666666666675	4.5875000000000004	4.5750000000000002	4.4291666666666671	4.4000000000000004	4.4541666666666675	4.5	5.1833333333333336	5.0166666666666666	5.0166666666666666	5.3458333333333332	5.7458333333333336	6.5166666666666666	6.8875000000000002	6.5125000000000002	5.1583333333333332	3.35	2.666666666666667	Height (m)
Average Radar reflectivity and Fall Velocity
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