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Annex 2

Characteristics of meteorological radars


1
Meteorological radars in the 2700-2900 MHz band (S band)

The technical characteristics of a representative weather radars, that predominately operate in the 2 700-2 900 MHz band, are depicted in Table 1 below. However, radar 1 can operate up to 3 000 MHz. These are the primary weather radar systems used for flight planning activities and are often collocated at airports worldwide, to provide accurate weather conditions for aircraft. Therefore, these radars are also in operation 24 h per day.

Radar 1 utilizes Doppler radar technology to observe the presence and calculate the speed and direction of motion of severe weather elements such as tornadoes, hurricanes and violent thunderstorms. Radar 1 also provides quantitative area precipitation measurements so important in hydrologic forecasting of potential flooding. The severe weather and motion detection capabilities offered by this radar contributes toward an increase in the accuracy and timeliness of warning services. Radar 1 excels in detecting the severe weather events that threaten life and property, from early detection of damaging winds to estimating rainfall amounts for use in river and flood forecasting. Radar 2 is a non-Doppler radar used in many countries.

Radar 1 is used in an integrated network spanning the entire United States of America, Guam, Puerto Rico, Japan, South Korea, China and Portugal. The 2 700-2 900 MHz band offers excellent meteorological and propagation characteristics for weather forecast and warning capabilities. Planned enhancements to the radar should extend its service life to the year 2040. The World Meteorological Organization (WMO) reports that more than 320 meteorological radars operate in this band in at least 52 countries throughout the world.

TABLE 1

	Characteristics
	Radar S1*
	radar S2*

	Platform type (airborne, ship borne, ground)
	Ground, weather
	Ground, weather

	Tuning range (MHz)
	2 700-3 000
	2 700-2 900

	Modulation
	P0N
	

	Transmitter power into antenna (kW)
	500
	400 or 556

	Pulse width (s)
	1.6 (short pulse)
4.7 (long pulse)
	1.0 (short pulse)
4.0 (long pulse)

	Pulse rise/fall time (s)
	0.12
	

	Pulse repetition rate (pps)
	318-1 304
(short pulse)
318-452 
(long pulse)
	539 (short pulse)
162 (long pulse)

	Duty cycle (%)
	0.21 maximum
	

	Chirp bandwidth
	Not applicable
	Not applicable

	Phase-coded sub-pulse width
	Not applicable
	Not applicable

	Compression ratio
	Not applicable
	Not applicable

	RF emission bandwidth:
–20 dB
3 dB
	
4.6 MHz
600 kHz
	

	Output device
	Klystron
	Coaxial magnetron

	Antenna pattern type (pencil, fan, cosecant-squared, etc.)
	Pencil
	Pencil

	Antenna type (reflector, phased array, slotted array, etc.)
	Parabolic reflector
	Parabolic reflector

	Antenna polarization
	Linear: vertical and horizontal
	Linear: horizontal

	Antenna main beam gain (dBi)
	45.7
	38.0

	Antenna elevation beamwidth (degrees)
	0.92
	2.0

	Antenna azimuthal beamwidth (degrees)
	0.92
	2.0

	Antenna horizontal scan rate (degrees/s)
	18
	18 and full manual slewing


TABLE  1 (end)

	Characteristics
	Radar S1*
	radar S2*

	Antenna horizontal scan type (continuous, random, 360°, sector, etc.)
	360° and sector
	360° and sector

	Antenna vertical scan rate (degrees/s)
	14 steps in 5 min
	

	Antenna vertical scan type (continuous, random, 360°, sector, etc.) (degrees)
	Fixed steps:
0.5-20
	(2.0 to +60

	Antenna side lobe (SL) levels (1st SLs and remote SLs) (dBi)
	20
	+15 (estimated)

	Antenna height (m)
	30
	30

	Receiver IF 3 dB bandwidth 
	630 kHz
	0.25 MHz 
(long pulse)
0.5 MHz 
(short pulse)

	Receiver noise figure (dB)
	2.1
	9.0

	Minimum discernible signal (dBm)
	–115
	(110

	Receiver front-end 1 dB gain compression point (dBm)
	–17
	(32

	Receiver on-tune saturation level (dBm)
	–10
	

	Receiver RF 3 dB bandwidth (MHz)
	1.6
	0.5
(long pulse)
1.5
(short pulse)

	Receiver RF and IF saturation levels and recovery times
	–10 dBm,
1 s
	

	Doppler filtering bandwidth (Hz)
	Estimate 95(1)
	

	Interference-rejection features
	
	

	Geographical distribution
	Worldwide

	Fraction of time in use (%)
	100

	(1)
Doppler filtering and saturating pulse removal.

	* Radars S1 and S2 correspond respectively to Radars G and H from Recommendation ITU-R M.1464-1


2
Meteorological radars in the 5250-5725 MHz band (C band)

Both airborne and ground-based meteorological radars operate within the frequency range 5 250-5 850 MHz, and the technical characteristics are given in Table 2 and 3 below.

It should be noted that, although ground meteorological radars can theoretically operate in the whole 5 250-5 850 MHz band, they are in general limited to the band 5 470-5 725 MHz and in particular, for most of them, in the 5 600-5 650 MHz band.

The ground-based weather radar systems are used for detection of severe weather and flight planning activities and are often located near airports worldwide. Therefore, these radars are also in operation continuously 24 h/day.

Meteorological radars provide quantitative area precipitation measurements and in most cases belong to networks which coordinate such measurements over national or regional areas. Those which use Doppler radar technology also observe precipitation velocity, which indicates the presence and motion of severe weather elements such as tornadoes, hurricanes and violent thunder​storms as well as wind shear and turbulence. Quantitative measurements from both kinds of radar are used in real time as a critical and unique data source for hydrological, meteorological and environmental forecasting. Through numerical data assimilation, modelling and forecasting of weather, flooding and pollution, particularly on the occasion of damaging events, the data are used to increase the accuracy and timeliness of forecasts and warnings. The data may be used directly, for example to assess lightning risk. Many applications can be critical to safety and protection of the general public (both life and property) and the safety and security of military operations.

The airborne meteorological radars are used for both hurricane research and reconnaissance. The aircraft penetrate the eyewall repeatedly at altitudes up to 20 000 ft (6 096 m) and as low as 1 500 ft (457 m). The aircraft collect research-mission data critical for computer models that predict hurricane intensity and landfall. Other aircraft penetrate hurricanes at higher, less turbulent altitudes (30 000-45 000 ft, or 9 144‑13 716 m) to determine the position of the hurricane eye.

TABLE  2

	Characteristics
	Radar C1*
	Radar C2*
	Radar C3*
	Radar C4*
	Radar C5*

	Function
	Meteorological
	Meteorological
	Meteorological
	Meteorological
	Meteorological

	Platform type (airborne, ship borne, ground)
	Ground/ship
	Ground
	Ground
	Ground
	Ground

	Tuning range (MHz)
	5 300-5 700
	5 600-5 650
	5 600-5 650
	5 300-5 700
	5 600-5 650

	Modulation
	N/A
	N/A
	N/A
	N/A
	N/A

	Tx power into antenna
	250 kW peak
125 W avg.
	250 kW peak
1 500 W avg.
	250 kW peak
	250 kW peak
	250 kW peak

	Pulse width (s)
	2.0
	0.05-18
	1.1
	0.8-2.0
	3.0

	Pulse rise/fall time (s)
	0.2
	0.005
	0.11
	0.08
	0.3

	Pulse repetition rate (pps)
	50, 250 and 1 200
	0-4 000
	2 000
	250-1 180
	259

	Output device
	Coaxial magnetron
	Klystron
	Klystron
	Tunable magnetron
	Coaxial magnetron

	Antenna pattern type (pencil, fan, cosecant-squared, etc.)
	Conical
	Pencil
	Pencil
	Pencil
	Pencil

	Antenna type (reflector, phased array, slotted array, etc.)
	Solid metal parabolic
	Parabolic
	Parabolic
	Parabolic
	Solid parabolic

	Antenna polarization
	Vertical
	Horizontal
	Horizontal
	Horizontal
	Horizontal

	Antenna main beam gain (dBi)
	39
	44
	50
	40
	40


TABLE  2  (end )

	Characteristics
	Radar C1*
	Radar C2*
	Radar C3*
	Radar C4*
	Radar C5*

	Antenna elevation beamwidth (degrees)
	4.8
	0.95
	< 0.55
	< 1.0
	1.65

	Antenna azimuthal beamwidth (degrees)
	0.65
	0.95
	< 0.55
	< 1.0
	1.65

	Antenna horizontal scan rate (degrees/s)
	0.65
	0-36
(0-6 rpm)
	21-24
	30-48
	30-48

	Antenna horizontal scan type (continuous, random, 360, sector, etc.) (degrees)
	360
	360
	Continuous

360
Sector
	360
	360

	Antenna vertical scan rate (degrees/s)
	N/A
	N/A
	15
	15
	15

	Antenna vertical scan type (continuous, random, 360, sector, etc.) (degrees)
	N/A
	N/A
	Stepwise,

0.5-60
	Stepwise,

–2 to 60
	–1 to 60

	Antenna side‑lobe (SL) levels (1st SLs and remote SLs) (dB)
	–26
	–35
	–27
	–25
	–25

	Antenna height (m)
	30
	10
	30
	30
	30

	Receiver IF 3 dB bandwidth (MHz)
	0.5
	20
	0.91
	0.6
	0.25 to 0.5

	Receiver noise figure (dB)
	7
	4
	2.3
	3
	3

	Minimum discernable signal (dBm)
	–110
	–97
	–109
	–109 to –112
	–114

	Radars C1, C2, C3 and C4 correspond respectively to Radars A, C, E and F from Recommendation ITU-R M.1638
	
	
	
	
	


TABLE  3

	Characteristics
	Radar C6*
	Radar C7*
	Radar C8*
	Radar C9
	Radar C10

	Function
	Meteorological
	Meteorological
	Meteorological
	Meteorological
	Meteorological

	Platform type (airborne, ship borne, ground)
	Ground
	Ground
	Ground
	Ground
	Ground

	Tuning range (MHz)
	5 600-5 650
	5 600-5 650
	5 250-5 725
	5 600-5 650
	5 600-5 650

	Modulation
	Conventional
	With Doppler capability
	With Doppler capability
	With Doppler capability
	With Doppler capability (including noise calibration w/o emission)

	Tx power into antenna
	250 kW peak
150 W avg.
	250 kW peak
150 W avg.
	2.25 kW peak
	250 kW peak
	250 kW peak

	Pulse width (s)
	0.8-5
	0.8-5
	0.1
	0.8-2, 5 and 10
	0.5 to 3.3

	Pulse rise/fall time (s)
	0.2-2
	0.2-2
	0.005
	
	

	Pulse repetition rate (pps)
	250-1 200
	50-1 200
	100 000
	50-1 200 Fixed and staggered
	250-1 200 Fixed, interleaved and staggered

	Output device
	Coaxial magnetron or Klystron
	Coaxial magnetron
	Coaxial magnetron
	Coaxial magnetron
	Coaxial magnetron

	Antenna pattern type (pencil, fan, cosecant-squared, etc.)
	Pencil
	Pencil
	Pencil
	Pencil
	Pencil

	Antenna type (reflector, phased array, slotted array, etc.)
	Solid parabolic
	Solid parabolic
	Solid parabolic
	Solid parabolic
	Solid parabolic

	Antenna polarization
	Horizontal and/or vertical
	Horizontal or vertical
	Horizontal or vertical
	Horizontal
	Horizontal and vertical

	Antenna main beam gain (dBi)
	40-50
	40-50
	35-45
	44-48
	45


TABLE  3  (end )

	Characteristics
	Radar C6*
	Radar C7*
	Radar C8*
	Radar C9
	Radar C10

	Antenna elevation beamwidth (degrees)
	0.5-2
	0.5-2
	2.4-12
	0.65-1
	0.9

	Antenna azimuthal beamwidth (degrees)
	0.5-2
	0.5-2
	1.5-12
	0.65-1
	0.9

	Antenna horizontal scan rate (degrees/s)
	6-18
(1-3 rpm)
	6-18
(1-3 rpm)
	1.2
	3-36
(0.5-6 rpm)
	6-36
(1-6 rpm)

	Antenna horizontal scan type (continuous, random, 360, sector, etc.) (degrees)
	360
	360
	360
	360
	360

	Antenna vertical scan rate (degrees/s)
	1-10
	1-14
	N/A
	
	

	Antenna vertical scan type (continuous, random, 360, sector, etc.) (degrees)
	–1 to 90
	–5 to 90
	N/A
	–2 to 90
	–2 to 90

	Antenna side‑lobe (SL) levels (1st SLs and remote SLs) (dB)
	–25 to –35
	–25 to –35
	–20
	–25 to –45
	–25 to –45

	Antenna height (m)
	6-30
	6-30
	10
	6-30
	7-30

	Receiver IF 3 dB bandwidth (MHz)
	0.7 to 4
	0.1 to 3.0
	10
	0.1 to 1.25
	0.3 to 2

	Receiver noise figure (dB)
	3.5-8
	1.5-8
	3
	3
	3

	Minimum discernable signal (dBm)
	(113 to (120
	(113 to (120
	(113 to (118
	(30 to (54 at 1 km
	(107 to (115


* Radars C5, C6, C7 and C8 correspond respectively to Radars G, H, I and J from Recommendation ITU-R M.1638

3
Meteorological radars in the 9 300-9 500 MHz band (X band)

It should be noted that, although ground meteorological radars can theoretically operate in the whole 8 500-10 500 MHz band, they are in general limited to the band 9 300-9 500 MHz. Their technical characteristics are given in Table 4 below.

TABLE 4 

	Characteristics
	Radar X1
	Radar X2
	Radar X3

	Function
	Meteorological (radiolocation)
	Meteorological (radiolocation)
	Meteorological (radiolocation)

	Platform type 
	Ground
	Ground
	Ground

	Tuning range (MHz)
	9 300-9 375 MHz
	9 200-9 500 MHz
	9 375 MHz

	Modulation
	Pulse
	Pulse
	Pulse

	Peak power into antenna
	50 kW
	250 kW
	35 kW per polarization

	Pulse width (s) and
Pulse repetition rate (pps)
	0.1, 0.25 and 1.0
1 000 to 2 000
	0.5, 1.0, 0.8 and 2.0
1 500 to 250
	1 and 2
500

	Maximum duty cycle
	0.002
	Not specified
	Not specified

	Pulse rise/fall time (s)
	0.05
	Not specified
	Not specified

	Output device
	Klystron or magnetron
	Magnetron
	Magnetron

	Antenna pattern type
	Pencil beam
	Pencil beam
	Pencil beam

	Antenna type
	Parabolic reflector with Cassegrain feed
	Parabolic reflector
	Parabolic reflector

	Antenna polarization
	Linear (dual polarization)
	Linear
	Linear (dual polarization)

	Antenna main beam gain (dBi)
	46
	45
	40


	Antenna elevation beamwidth (degrees)
	0.9
	< 1.0
	1.5

	Antenna azimuthal beamwidth (degrees)
	0.9
	< 1.0
	1.5

	Antenna horizontal scan rate
	0° to 20(/s
	0 to 36(/s
	6°/s

	Antenna horizontal scan type (continuous, random, sector, etc.)
	Volume, sector volume, stationary and tracking
	Volume
	Volume

	Antenna vertical scan
	0° to 20(
	Not specified
	0° to 90°


TABLE 4 (end)

	Characteristics
	Radar X1
	Radar X2
	Radar X3

	Antenna vertical scan type
	Steps to next elevation after horizontal rotation or elevation change at constant azimuth
	Steps to next elevation after horizontal rotation
	Not specified 

	Antenna side-lobe (SL) levels (1st SLs and remote SLs) 
	26 dBi
	16 dBi
	10 dBi (1st SL)
0 dBi (remote SL) 

	Antenna height
	4 m
	2 to 30 m
	5 to 15 m 

	Receiver IF 3 dB bandwidth (MHz)
	10, 4 or 1
	Not specified
	Not specified 

	Receiver noise floor (dBm)
	–110
	–114
	–113 

	Receive loss, dB
	Not specified
	Not specified
	Not specified 

	Chirp bandwidth (MHz)
	Not applicable
	Not applicable
	Not applicable 

	RF emission bandwidth (MHz)

3 dB

–
20 dB
	Not specified

6 to 60 MHz – dependent on pulse width
	Not specified

Not specified
	1 MHz

6 MHz

	Radars X1, X2 and X3 correspond respectively to Radars G9, G10 and G11 from Recommendation ITU-R M.1796





























































































































Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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