Evaluation of wind measurement technique of radar with use of radiosond
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Abstract Using S-Band Doppler weather radar from Gematronik, has been started from 2004 in Ahwaz, a city in south west of Iran. By means of the Rainbow software horizontal 2D wind can be derived from raw data using VVP ( Volume Velocity Processing) product according to Waldteufel and Corbin (1979).In this method , it is assumed that the wind velocity varies linearly in space . In some days of 2009 winter, the driven data were examined by wind data of upper air system of Dr. Graw. Wind data is produced by Dr.Graw upper air system with use of GPS wind measuring method. In some cases the difference is quite high and unacceptable, while in some cases the results shows maximum 3 percent error. Wind direction measurement shows less than 10 deg difference in most of the cases, while in few items 30 deg difference can be seen.

As there is about 40 km distance between to test points, and measurement with the radiosond has a duration for ascending, some calculation were made to achieve more suitable data for comparison. Due to wind the radiosond flies and make the distance more in most of the cases. 

It has been detected that in some cases the distance between two test points can be more than fourty kilometers

Comparison also was done by wind redial velocity measurement of the radar and what obtained is that redial velocity measurement of Doppler weather radar gives good result. Component of the GPS wind has been calculated along the radius of the radar.   
Introduction

Wind measurement is one of the usages of the Doppler radars which enable the user to have online information about wind speed and direction. With use of the Doppler effect what can be measured is not the complete wind vector but redial velocity. The method can be used just when rain drops exist in the air, with no target the radar will not result the data.

It means that just the wind vector component along the line of connection between test point and radar, can be measured. Mathematical algorithms have been developed like what Waldteufel and Corbin did in 1979, to fine complete horizontal 2D wind vector.

To examine the result of algorithm and compare with redial velocity measurement of the radar, wind data of radiosond system and wind data of S-band weather radar around Ahwaz city in south-west of Iran have been used.

Radiosond uses GPS wind measurement and is product of Graw company. Doppler weather radar is an S-band Klyestron single polarization radar produced by SELEX-Gematronik.
Radiosond measurement
As the radiosond fly and move with wind freely, measurement of the speed of radiosond gives a good estimation of horizontal 2D wind speed vector. Data of radiosond in 27th of November 2009, has been extracted from raw data file by means of Graw-Met software. Data file contains different parameters like this:
	Alt[m]
	 Temp[°C] 
	Press[mB]
	Hum[%]
	 Wd[°]
	Ws[kn]

	1
	16.9
	1013.3
	88
	293
	0

	
	
	
	
	
	


Important items are Alt[m], Wd and Ws. The file contains sequential data with respect to balloon ascending. Steps of the data are one meter for beginning of the sonding and 100 meter in the end, so the data file has required resolution.

Wind speed unit is knot and has been converted to m/s for easy compare.

Ground station is located close to Ahwaz airport Long[°]:48.74 Lat[°]:31.34 Altitude[m]:11.97
Radiosond starts from position of ground station and fly toward north-east because of direction of wind, so in addition to above parameters long. and lat. of the radiosond should be extracted from the file.

Everyday radiosond ascends at 00:00 from ground station. In this case it has started at 23:48 
Radar measurement

AT the same day the nearest scan has been chosen for radar and 2 different products of VVP and CAPPI have been generated by means of Rainbow5 software.
The data has been extracted from the files with use of developed software. Decoding has been done by Visual Basic code and opening of numerical files and extracting the value according to required position by Matlab code.

VVP data have been extracted for every 200 meter elevation, while CAPPI data for every 1km.

Start time of radar for respected scan is 23:50 of 27th of November 2009, so the data have good time dependencies.

Data comparison

Data of point of elevation 1000 , 2000 …till 10000 has been showed in follow:
	RADIOSOND
	VVP RADAR
	 
	 
	CAPPI- RADAR

	Alt[m]
	 Wd[°]
	Ws(m/s)
	angle
	wind component along radius by radiosond (m/s)
	Wind speed radar (m/s)
	Wind direction radar
	Difference % - Between wind speed by radiosond vs VVP product
	Difference % - between redial velocity and wind component along the radius by radiosond
	Redial Velocity(m/s)

	1000
	152
	1.0288
	92.7
	-0.04
	2.302
	18.366
	-123.79
	 
	-2.2

	2000
	219
	8.2304
	25.7
	7.41
	7.655
	226.27
	6.99
	17.75
	6.1

	3000
	206
	9.2592
	38.7
	7.22
	10.46
	212.06
	-12.95
	-14.82
	8.3

	4000
	217
	8.7448
	27.7
	7.74
	12.67
	211.32
	-44.86
	-0.72
	7.8

	5000
	221
	13.3744
	23.7
	12.24
	17.42
	214.34
	-30.27
	-10.22
	13.5

	6000
	214
	16.4608
	30.7
	14.15
	19.69
	217.99
	-19.64
	-7.37
	15.2

	7000
	212
	18.004
	32.7
	15.15
	21.53
	221.15
	-19.56
	-20.76
	18.3

	8000
	215
	22.1192
	29.7
	19.21
	21.29
	220.52
	3.76
	-13.44
	21.8

	9000
	219
	26.7488
	25.7
	24.10
	24.01
	229.55
	10.25
	4.58
	23

	10000
	226
	25.72
	18.7
	24.36
	30.12
	234.68
	-17.10
	1.49
	24


Some more points exist just for VVP product and radiosond.
 Three first columns show radiosond data. The first one elevation of the radiosond , second one wind direction and the third speed of the wind. The forth column shows the angle between wind speed vector and radius of the radar circle along the test point(radiosond), this angle can be obtained with this simple equation:
a=180 + RdAngle –Wd

while 180 is constant, RdAngle is the Azimuth angle of riadosond from radar point and Wd is direction of wind with use of radiosond.

This angle ( a ) will be used to calsulate fifth column “wind component along radius by radiosond (m/s)” with this simple equation:
wind component along radius by radiosond (m/s) = Ws (third column) x Cos(a)

The 8th column shows percent difference of wind speed by radiosond vs. VVP product. following graph depict this difference well, while some more measuring point added in between
Value = 100 x Ws(radiosond)-Ws(VVP) / Ws(radiosond)
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It shows that by increasing the elevation, values are closer.
The 9th column of above table shows percent difference of redial velocity vs. wind component along the radius by radiosond.

Same method has been used for calculating this column. Following graph show this values well:

[image: image2.png]20

10

Elevation





Again increasing the elevation shows more similarity in values.
Conclusion

Measurement of wind by the radar would be more accurate in higher elevation.
In all this work everything has been considered for horizontal 2D wind, while considering wind and redial wind measurement in vertical direction can give more accurate data and better idea.
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