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4.1
Introduction

Meteorological radars are among the best-known life savers in meteorology. It is through the use of radar that we are able to predict the formation of hurricanes, tornadoes, and other severe weather and to track the course of storms on their destructive paths. Modern radar lets us track the path of storms large and small and tells us whether to expect precipitation and at what rates. The rain rate may indicate the potential for flash floods. It lets us know whether high winds and lightning are likely. Meteorological radars operate within the “Radiolocation service”.

This Chapter discusses ground-based radars commonly used in meteorology. The first and most familiar is the rotating radar, which provides data from within a roughly circular area centred on its own location. Commonly referred to as weather radars, these devices are familiar to many, for their output is commonly shown in television weather forecasts. The table below provides the current meteorological radar allocations.   For current information, the reader is referred to the ITU List of Publications, in particular, the Table of Frequency Allocations in Article 1 of the Radio Regulations.

	Band
(MHz)
	Allocation

	Space-to-Earth direction

	2700 - 2900 
	Primary allocation (footnote 5.423)

	5600 - 5650 
	Primary allocation (footnote 5.452)

	9300 - 9500 
	Primary allocation (footnote 5.475)


A more recent development is the wind profiler radar (WPR), which provides data from a roughly cone-shaped volume directly overhead. The WPR is a relatively recent development, having come into common use only within the past decade. It measures wind velocity – speed and direction – as a function of height above ground. If properly equipped, a WPR can also measure air temperature (as a function of height). The radio frequency bands used by the WPR are typically located around 50 MHz, 400 MHz and 1 000 MHz.

A third, less common type, is auxiliary radar used to track radiosondes in flight. The use of such radars is discussed in Chapter 3, which deals with radiosondes. 

All radars operate by emitting radio signals, which are reflected from a target that can be anything from a vehicle to raindrops to turbulence in the atmosphere. The return signal of weather radar is weak for several reasons. First, the signal must traverse the path twice, once from the radar to the target and again in the other direction. Secondly, the target is not a particularly efficient reflector. The amount of signal returned is related to target reflectivity and can vary depending on the size and nature of the target. The need to receive these weak signals can be met variously by, e.g., higher transmitter powers, large antennas exhibiting high gain, extremely sensitive receivers, and long signal integration times. Relatively “quiet” spectrum – absence of man-made electronic noise and interference – is also a critical requirement.

4.1.1
General
Meteorological radars are typically volume scanning, pencil beam radars which detect and measure both hydrometeor intensities and velocities of hail, snow, clouds, and especially rain. The radar reflectivity of rain is related to the following parameters: drop size distribution, relative permittivity of the medium under consideration, and radar wavelength. Meteorological radars are also capable of wind measurements. The following three different types of radars can carry out these functions:

1.
Doppler weather radars where the hydrometeor is being used as a tracer.

2.
Balloon-tracking radars, which provide the wind vector in terms of velocity and direction.

3.
WPRs, which detects the air refractive index turbulent variation and uses it as a tracer.

4.1.2
Radar equation

An easy-to-understand formulation of the radar equation can be written as in equation (4-1). This shows the different contributions to the received power i.e.: the radar constant, the target reflectivity and the atmospheric attenuation mostly due to clouds and rain. In this relationship, the target being an echo that fluctuates, the reflectivity of the rain ( remains an average value that results from the time-space integration process within the radar cell during the dwell time:
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where:


Pr :
received return power 


Pt :
transmitter output power


Ae :
antenna effective aperture


ls :
radar system losses


 :
wavelength


c :
speed of light


 :
antenna 3 dB beamwidth


( :
pulse width


( :
reflectivity 


r :
range to target


L :
path loss includint atmospheric attenuation.

Equation (4-1) can be applied to a distributed target when the following assumptions are satisfied:

–
the target occupies the entire volume of the pulse

–
it consists of spherical particles or particles which can be approximated by spheres

–
the size of the particles satisfies the Rayleigh condition

–
the dielectric constant 
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 and the size distribution of the scatterers are homogeneous in the volume V considered

–
the antenna beam is approximately Gaussian

–
beam polarization is linear

–
the effects of multiple scattering are neglected.

4.2
Rotating weather radars

4.2.1
User requirements

The main user requirement for the weather radar is to detect solid and liquid precipitation, and when possible, to measure the rate of precipitation and the component of velocity towards the radar.

4.2.2
Operational aspects of reflectivity
The reflectivity ( of rain is related to the water relative permittivity (r, the drop diameter D, and the wavelength (. For raindrops contained within the volume V under consideration, the reflectivity can be expressed as equation (4-2):
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where 
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is 0.93 for liquid water and 0.18 for ice.

The reflectivity factor Z, independent of (, is defined as follows:
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Z is usually expressed as dBZ  10 log Z (mm6/m3).

Then, for water droplets:
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NOTE – This expression is valid only within the Rayleigh scattering domain, i.e. for:
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The reflectivity, Z (expressed in dBz) and the rainfall rate, R (expressed in mm/h) are related by:
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Both a and b depend upon the drop size distribution (DSD) which varies with the type and intensity of rain. A common expression, established by Marshall-Palmer in 1948, is based on an exponential DSD and is written as:
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where Z and R are expressed in mm6/m3 and in mm/h, respectively.

4.2.3
Weather radar networks
The main limitation of the weather radar is its relatively short range as a consequence of the curvature of the Earth. To overcome this constraint, multiple radars are generally equally spaced into distributed networks operating 24 h a day. These networks often cover large areas such as countries or even a portion of a continent in order to detect and follow the evolution of meteoro​logical phenomena, therefore permitting early weather hazard warnings.

4.2.4
Doppler radars
Doppler weather radars have been used for more than 30 years in atmospheric research to measure convection within thunderstorms and to detect gust fronts and are now widely used for operational weather radar systems. Unlike earlier radars, Doppler equipment is capable not only of determining the existence and position of reflective targets but also their velocity. This permits the measurement of wind speed, detection of tornadoes, and the measurement of a wind field using velocity azimuth display scanning. 

Ground clutter suppression is an important capability. New developments in this area are focused on coherent transmitters such as klystrons or traveling wave tubes (TWTs). Conventional radar spectrum phase purity is currently being limited by magnetron technology. However, the existing magnetrons can economically deliver high average power to increase the signal to noise ratio.

4.2.5
Multiparameter radars
Polarimetric radar technology permits the identification of scatterers by remotely sensing their shapes. Polarimetric weather radar has been proposed as a tool for hydrometeor identification and for improving the reliability and accuracy of rainfall rates needed for hydrological applications. In fact, falling raindrops tend to flatten, the flatness increasing with drop size. Combining reflectivity and phase measurements using two polarizations, horizontal (h) and vertical (v), enables a better assessment of the coefficients a and b of the Z-R relationship.

Some recently developed algorithms, based on differential reflectivity ratio Zh/Zv and differential phase h – v, taking into the account the differential attenuation as well, are considered very promising for yielding accurate assessments of rainfall.

In addition to their shape, the hydrometeors are characterized by their dielectric constants, a primary factor in computing scattering and attenuation cross sections. Dielectric properties of hydrometeors vary with radar frequency, where liquid water and ice differ significantly. Taking advantage of these characteristics, algorithms have been proposed to discriminate between rain and snow and to quantify liquid water and ice in clouds using differential attenuation measurements made with dual band radar.

4.2.6
Fixed echo elimination

The so-called fixed echo includes several hidden fixed component; one that includes low frequency scattering, and a second that includes higher frequencies (due to vegetation ruffled by the wind). Different ground clutter suppression methods are used in current weather radars:

–
Doppler filtering uses a high pass filter to reduce the ground clutter. That process is efficient if the radial wind velocity is high enough to fall above the cut-off frequency of the Doppler filter.

–
Statistical filtering based on the difference between the variances of rain and ground clutter reflectivity. The statistical filtering process is efficient even when the rain radial velocity is null (tangential rain).

–
The use of polarimetric radar (proposed) for rain and ground clutter discrimination.

4.2.7
Present and future spectrum requirements
The choice of wavelength ( results from a trade-off between the reflectivity, which varies as (–4, and attenuation, which decreases as ( increases to become negligible at decimetric wavelengths. For example, the Ka band (8.6 mm) is well suited for detecting small water drops, which occur in non-precipitating clouds (( 200 m). On the other hand, the S band (10 cm) is chosen for detecting heavy rain at very long ranges (up to 300 km) in tropical and temperate climates. 

C band (5.4 cm) is sometimes preferred for use in temperate climates to detect the rain at long ranges (up to 300 km), but in fact, the rainfall rate can be successfully measured only to ranges of about 100 km.

The choice for frequency of meteorological radar also defines the performance characteristics of maximum measurable wind speed and maximum range. In pulsed radar, the time between pulses determines the maximum unambiguous range of the radar. The reflection from a pulse must return to the receiver before the next pulse is transmitted, or the received pulse becomes ambiguous. In 

Doppler radar systems, the pulse repetition frequency (PRF) determines the maximum unambiguous velocity that the radar can measure. In the design of the radar, the designer is limited by the unambiguous range-velocity product, defined as:
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where:


Rm :
radar unambiguous range (maximum range the radar can make a measurement)


Vm :
radar unambiguous velocity (maximum velocity the radar can measure)


c :
speed of light (3  108 m/s)


( :
radar signal wavelength.

The wavelength of the signal, set by the radar frequency, is the only parameter at the discretion of the radar designer in order to maximize the maximum range and maximum velocity measurement of the radar. A reduction in wavelength requires a reduction in the effective range, effective velocity measurement capability, or a combination of both by the same magnitude as the increase in frequency.

Other discrete wavelengths used by meteorological radars are selected from radio frequency bands generally used for defence and air route surveillance radars. Wavelengths may differ slightly from one country to another. Table 4-1 shows the significant parameters of typical weather radars. 

TABLE  4-1

Typical Radar system parameters

	Radar system parameters
	S band
	C band
	X band
	Ka band

	Instrumental range related to the radar PRF (km)
	600
	450
	200
	150

	Maximum range to detect  0 dBz in clear weather (km)
	300
	300
	150
	80

	Maximum range to carry out a reliable measurement of Z with moderate attenuation (km)
	150
	125
	100
	40

	ITU band (GHz)
	2.7-2.9
	5.6-5.65
	9.3-9.5
	35.2-36

	Principal Radio Regulations footnote No.
	5.423
	5.452
	5.475
	

	Maximum occupied band (MHz)
(between the zeroes of the sin x/x function)
	4
	4
	4
	2

	Pulse peak power: Magnetron (kW)
	1 000
	250
	100
	100

	Pulse peak power: Klystron (kW)
	1 200
	250
	8
	not used

	Pulse repetition frequency: Magnetron (Hz)
	250-1 200
	250-1 200
	1 000
	1 000

	Pulse repetition frequency: Klystron (Hz)
	0-4 000
	0-4 000
	0-10 000
	not used

	Pulse width: Magnetron (s)
	0.8-2
	0.8-2
	1
	1

	Pulse width: Klystron (s)
	0.5-8
	0.5-20
	0.5-30
	not used


TABLE  4-1 (end)

	Radar system parameters
	S band
	C band
	X band
	Ka band

	Duty cycle: Magnetron (%)
	10–3
	10–3
	10–3
	10–3

	Duty cycle: Klystron (%)
	2  10–3
	6  10–3
	3  10–3
	not used

	Average transmitted power: Magnetron (W)
	1 000
	250
	100
	100

	Average transmitted power: Klystron (W)
	2 500
	1 500
	240
	not used

	Antenna diameter (m)
	4-8
	4
	2
	1.5

	Main beam antenna gain (dBi)
	39-45
	44
	43
	50

	–3 dB beamwidth (degrees)
	2-1
	1
	1.2
	0.4

	Sidelobes (dBc)
	–25 to –35
	–25 to –35
	–25 to –30
	–25

	Note on the transmitted frequency spectrum: If the transmitted pulse is rectangular of width (, the frequency spectrum shows a sin x/x dependence of x  ( F ( with the following well-known characteristics:


Half power width: 





0.88/(

First zeros at: 






1/(

First sidelobes at: 





1.43/(

Peak sidelobe levels decrease as: 
1/x.

If the pulse shape is approximately trapezoidal with rise and fall times (t, the frequency spectrum may differ from sin x/x, and the sidelobe peaks may decrease faster than 1/x – as fast as 1/x2. However, for (t  0.1(, the spectrum is not very different from sin x/x except for the sidelobes far from the centre frequency, which are significantly smaller. 


Values are given for two types of different technologies: magnetrons and klystrons or TWTs, the latter having the capability to deliver short emitted pulses characterized by wider emission spectra. Some magnetrons show a frequency shift of less than 1 MHz over a wide range of ambient temperatures. Fast scanning radars require a large amount of spectrum, 10 MHz for example, due to the use of pulse compression.

4.2.8
Vulnerabilities of radars
A weather radar operates by measuring the time required for an emitted signal to travel from its transmitter to the target and return to the radar site. The travel time is a function of path length, and the accuracy with which it can be measured is critically dependent on the pulse rise- and fall‑times (in the case of a pulsed radar.) The leading or trailing edge of a pulse is the marker by which arrival time of a returned pulse is measured, and the shorter it is, the greater the possible precision of the measurement. 

The preservation of short pulse transition times requires phase linearity in the transmitter and receiver hardware over a relatively broad band. Required bandwidth is roughly proportional to the shorter of the two pulse transition times, and attempts to reduce the bandwidth of the emitted signal 

(by additional filtering, etc.) below the necessary value degrade system accuracy. The necessary bandwidth often surprises those not familiar with radar systems. Received interference within the radar’s necessary bandwidth also degrades performance.

It must also be borne in mind that while most radiocommunication transmissions involve a single traversal of a path between antennas having known characteristics, a radar signal must cover the path twice with an intervening reflection from objects (raindrops, hailstones, wind-borne debris) not designed for that purpose. The resulting received signals are extremely weak. Despite frequently large transmitter powers and highly sensitive receivers, radars are extremely vulnerable to noise and interference.

4.2.9
Vulnerabilities of systems sharing with radars

As noted above, the transmitter power and antenna gain of weather radars are typically quite high to compensate for extended path lengths. This tends to create an extended range over which a radar can interfere with co-channel systems (with due recognition given to the width of a radar channel). There have also been cases in which radar and fixed microwave links, which have co-existed for some time, become incompatible when the microwave system is upgraded from analogue to digital equipment with a greater vulnerability to pulsed interference.

4.3
Wind profiler radars

4.3.1
User requirements

WPRs are used to obtain the vertical profiles of the wind over an unattended and sometimes remote site by detecting the tiny fraction of emitted power backscattered by turbulence in the clear atmosphere. User requirements for temporal and vertical resolution and height coverage affect the operating power, bandwidth, and centre frequency. Figure 4-1 shows a wind profiler radar installation.

Figure  4-1

NOAA wind profiler at Point Loma, California, USA
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Profilers can also determine air temperature as a function of height. Often termed a radar acoustic sounding system (RASS), this technique uses large loudspeakers located at the antenna to emit sound waves along the path of the vertical radar beam. The sound frequency is chosen to present an acoustic wavelength, which results in strong reflections of the radar signal at its operating frequency, allowing the radar to track the sound wave as it propagates upward. Since the speed of sound is a function of air temperature, measuring the speed of the acoustic wave permits the air temperature to be derived as a function of height above ground. A good way to examine the impact of user requirements upon wind profiler operating parameters and design is to consider the following equation rewritten from [Gossard and Strauch, 1983]: 
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where:
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:
average transmitted power


Ae :
effective aperture


z :
height resolution


z :
height


 :
wavelength


tobs :
observation (averaging) time


Tsys :
system noise temperature
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In this equation, the structure parameter is independent of frequency but a strong function of height. Nearly all the frequency dependence is contained in the wavelength factor, but the system noise temperature of a well-designed radar receiver includes a significant contribution from cosmic noise at low frequencies. This equation is also valid only in the inertial sub‑range of atmospheric turbulence, effectively limiting the choice of wind profiler radar wavelengths to the range of about 10‑0.2 m (30 to 1 500 MHz). Note that turbulence is rapidly dissipated as heat by viscosity outside the inertial sub-range, and at short wavelengths.

A user requirement for high temporal resolution diminishes signal-to-noise ratio by reducing the averaging time. The requirement may be satisfied by selecting some combination of:

–
large aperture;

–
high peak power and high pulse repetition frequency (PRF) to increase average power;

–
long wavelength; and 

–
operation over a range of heights close to the radar where high PRF does not cause range ambiguity problems and where atmospheric backscattering and inverse-height-squared are relatively large.

A user requirement for high vertical resolution diminishes signal-to-noise ratio by requiring short pulses and so reducing mean power. High vertical resolution requires large bandwidth. This requirement may be satisfied by selecting some combination of:

–
large aperture; 

–
high peak power, high PRF, and pulse compression to increase the average power; 

–
long wavelength; and 

–
operation over a range of heights close to the radar where high PRF does not cause range ambiguity problems and where atmospheric backscattering and inverse-height-squared are relatively large.

Note that using pulse compression (to increase pulse length) means that the lowest range gate must be increased in height.

A user requirement for obtaining wind data at high altitudes diminishes signal-to-noise ratio by decreasing the inverse-squared-height and, while not obvious in the equation, by the decrease with height of the structure parameter and the compression of the inertial sub-range from the short wavelength (high frequency) end with increasing height. This requirement may be satisfied by selecting some combination of:

–
large aperture;

–
high peak power and pulse compression to increase the average power;

–
long wavelength; and 

–
large averaging times.

Other, and more practical, considerations will be discussed in § 4.3.2.

The user requirement for reliable all-weather operation requires an adequate signal‑to‑noise ratio also when low scattering conditions exist in the atmosphere. Typical situations are wintertime low humidity periods and cases of low turbulence, i.e. in cases of jet streams in the 10‑15 km altitudes. The requirement can be satisfied by suitable selection of:

–
frequency band;

–
high average power and antenna aperture;

–
higher receiver sensitivity; and 

–
low level of interference and system noise.

4.3.2
Operational and frequency aspects

Large antenna aperture and high average emitted power are expensive. The cost of the antenna and power amplifier of a wind profiler radar often constitutes more than half the total cost of an installed system. Hence, technology developments in these areas are not attractive options for improving performance.

In the case of antenna aperture, however, there is another factor to consider which establishes a minimum size. Multi-beam profilers operate by successively swinging the main beam to two or four orthogonal azimuths at elevation angles of about 75 and often to the vertical to acquire data. The 

antenna beamwidth must be narrow enough to delineate the two, four or five beam positions. 3 dB full-width beamwidths of 5 to 10 are usable and correspond to antenna gains of 33 dBi to 27 dBi, respectively. Gain determines the effective aperture through the equation (4-10):
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Because of interference and congestion in the radio‑frequency spectrum and its consequent regulation, wind profiler radar frequencies cannot be freely chosen. Some demanding applications, such as the MU radar in Japan and those at the Eastern and Western Missile Ranges in the United States of America, have resulted in the use of very large (about 10 000 m2), powerful (250 kW or more peak, 12.5 kW or more average), short pulse (1 (s) radars operating near 50 MHz. Researchers have also operated other profilers on a non-interference basis at frequencies between 40 and 70 MHz. International radiolocation allocations exist in the band:

–
138-144 MHz on a permitted basis in Region 2;

–
223-230 MHz in Region 3 on a secondary basis;

–
420-430 and 440-450 MHz in all Regions on a secondary basis;

–
430-440 MHz in all Regions on a primary basis;

–
890-942 MHz in all Regions on a secondary basis;

–
1 215-1 300 MHz in all Regions on a primary basis; and

–
1 350-1 400 MHz in all Regions on a primary basis.

Wind profiler radars are currently operated in all of these bands except 138-144 MHz and near 404 MHz and 472 MHz. Resolution 217 (WRC-97) noted:

“... a request to ITU from the Secretary-General of the World Meteorological Organization in May 1989, for advice and assistance in the identification of appropriate frequencies near 50 MHz, 400 MHz, and 1 000 MHz in order to accommodate allocations and assignments for wind profiler radars” and resolved:

“... to urge administrations to implement wind profiler radars as radiolocation service systems in the following bands, having due regard to the potential for incompatibility with other services and assignments to stations in these services, thereby taking due account of the principle of geographical separation, in particular with regard to neighbouring countries, and keeping in mind the category of service of each of these services:

–
46-68 MHz in accordance with No. 5.162A
–
440-450 MHz

–
470-494 MHz in accordance with No. 5.291A
–
904-928 MHz in Region 2 only

–
1 270-1 295 MHz

–
1 300-1 375 MHz;”

“... that, in case compatibility between wind profiler radars and other radio applications operating in the band 440-450 MHz or 470-494 MHz cannot be achieved, the bands 420‑435 MHz or 438-440 MHz could be considered for use;” and

“... to urge administrations not to implement wind profiler radars in the band 400.15-406 MHz”.

Profilers operating in the range of 400-500 MHz have been designed to:

–
measure wind profiles from about 0.5‑16 km above the radar with vertical resolutions of 250 m at low altitudes and 1 000 m at high altitudes using antennas with about 32 dBi gain; 

–
mean powers of about 500 W and 2 000 W when probing low and high altitudes, respectively;

–
while operating with necessary bandwidths of less than 2 MHz.

Adding a third, very low altitude, mode would permit lowering the lowest range gate from 0.5 km to 0.25 km and possibly reducing the vertical resolution to 150 m or 200 m while remaining within a 2 MHz necessary bandwidth. Profilers operating at 915 MHz and above are typically regarded as boundary layer profilers, capable of measuring the wind profile in only the lowest few kilometres of the atmosphere. These perform with vertical resolution of about 100 m using antennas with gains below 30 dBi and mean powers of about 50 W while operating with necessary bandwidths of 8 MHz or more.

4.3.3
Present and future spectrum requirements

Wind profilers are ground-based systems with antenna heights of one or two metres and vertically directed beams. Geographical separation and terrain shielding are effective protection against interference to and from other profilers. Hence, an affordable network of wind profilers, say separated by at least 50 km over level terrain – less over more rugged or treed terrain – could operate on the same frequency. For the same reasons, profilers tend to be compatible with most ground-based services. Resolution 217 (WRC-97) provides an adequate selection of radio‑frequency spectrum, 2 MHz or 3 MHz of bandwidth are required near 400 MHz, 8 MHz or 10 MHz near 1 000 MHz.

4.3.4
Sharing aspects of wind profilers
The bands for profiler use allocated by WRC-97 were carefully selected to minimize the likelihood of interference to and from other users of these bands. Before the identification of bands for wind profiler radars an experimental network was developed in the band 400.15-406 MHz.  Operational experience showed operation of wind profiler radars in 400.15-106 MHz caused interference to COSPAS-SARSAT.  As a result, ITU Resolution 217 specifically states that wind profiler radars should not be operated in 400.15-406 MHz.  The existence of this experimental network did provide considerable information on wind profiler radar compatibility with other services. The e.i.r.p. spectral density of these WPRs in the horizontal direction is about:

–
–18 dB(W/kHz) at the centre frequency (449 MHz)

–
–36 dB(W/kHz) 0.5 MHz away

–
–55 dB(W/kHz) 1 MHz away

–
–70 dB(W/kHz) 2 MHz away

–
–79 dB(W/kHz) 4 MHz away.

These low values, when combined with low antenna heights and path losses proportional to 1/r4 for propagation over the surface of the Earth, result in making geographical separation a very effective sharing tool. For example, an amateur mobile radio, tuned to the centre frequency of the radar has been able to detect an audible WPR signal out to 3 km over a grassy plain.

However, in the main beam, the e.i.r.p. spectral density is 57 dB greater and, as a consequence, airborne and satellite-based receivers are subjected to a much higher level of interference. Path losses proportional to 1/r2 compound the problem. Subsequent efforts to alleviate the problem with the wind profilers in the band 400.15 – 406  MHz showed that the modulation used by 404 MHz WPRs has a significant impact upon their sharing characteristics. Currently, the pulses are phase-coded to distinguish the two or three “chips” within each pulse so as to effect pulse compression. Were no further coding done, the emitted spectrum would consist of lines separated by the PRF. However, one member of a 64-long pseudo-random phase code sequence was imposed on each pulse in succession so that the spectral lines appear at intervals of PRF/64 with line powers reduced by a factor of 64. In addition, the profiler transmitters were turned off under computer control whenever a Cospas-Sarsat satellite appeared more than 41 above the profiler’s horizon. (There being only a few of these satellites, this results in a negligible loss of profiler data.) 

The phase coding applied to 404 MHz profiler emissions must be “undone” in the receiver. As a result, interference from other, non-WPR systems appears incoherent and noise-like to the profiler. Hence, the minimum detectable (profiler) signal is about –170 dBm, while interference is troublesome only at levels of –135 dBm or more.

ITU Resolution 217(WRC-97) identifies spectrum to be used for WPRs. The use of other bands, e.g. 400.15‑ 406 MHz for WPR is not recommended. The same techniques used to ameliorate interference to satellites in this band are, however, applicable in other bands as well.

A NOAA mobile profiling system operating at 924 MHz produced the plot of wind velocity vs. altitude (see Fig. 4-2). The orientation of each flag represents wind direction as a function of altitude (vertical axis) and time (horizontal axis), while its colour represents wind speed. NOAA is currently developing a ship-borne profiler. See http://www4.etl.noaa.gov/. 

4.3.5
1.3 GHz band wind profiler network operated by JMA
The Japan Meteorological Agency (JMA) has installed an upper-air observation network consisting of twenty-five 1.3 GHz band WPRs and a profiler control centre (PCC). They have been in full operation since April 2001. Together with existing radiosonde observation stations, JMA has obtained a dense upper-air observation network. The WPR network is continuously operated and wind data are provided for advanced numerical weather prediction and for now-casting.
Figure  4-2

Wind velocity vs. altitude
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L-band WPRs (often called: boundary layer profilers) usually measure wind data at levels below a few kilometres. However, JMA WPRs collect data up to 5 km with the height resolution of 100‑600 m, applying the pulse-compression technique, generating a high power transmission, and using a large-size antenna. All the WPRs are controlled from the PCC of the JMA headquarters in Tokyo. The main characteristics of the WPR are listed in Table 4-2.

TABLE  4-2

Characteristics of 1.3 GHz band WPRs

	Radiation frequency (MHz)
	1 357.5

	Occupied bandwidth (MHz)
	10

	Peak power (W)
	2 000

	Pulse-compression (bits)
	8

	Pulse length ((s)
	Selectable in 0.67, 1.33, 2, 4

	Pulse repetition frequency (kHz)
	Selectable in 5, 10, 15, 20

	Attenuation at 0 to 10 in elevation angle (dB)
	– 40


As a 2 m high clutter fence attenuates the side lobe level at 0 to 10 in elevation angle to 40 dB below the main lobe, other radio stations using the neighbouring frequency bands (such as the air route surveillance radars) are protected from the interference of the WPRs. This permits the use of WPRs even in urban areas.

4.3.6
Wind profiler networks

In addition to the numerous individual profilers constructed around the world, primarily on an experimental basis, there have been built several complete profiler networks characterized by data sharing mechanisms. Among them are:

–












In addition, several administrations operate profilers during specific test periods that provide data to the network when operational.
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