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Radar

Radio detection and ranging
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Pulse going out Energy returning

(©The COMET Program

Z.U.U

Radar reflectivity: a measure of a radar target's efficiency in intercepting and returning the
radar's energy and depends on the physical parameters of the target—its size, shape,
orientation, composition,



A BK AR

tramsmaitior |’

AN ol

radar pulse




Fary B eSS

‘l[dentify non-weather targets more easily
Differentiate rain, snow, and melting snow
‘Detect when hail is present in a
thunderstorm

Detect debris lofted by strong tornadoes



e Use arrays of many small antennas
 Much faster and in any specific area
« Scan multiple areas simultaneously

mEgEs = CREC

tornado detection NOAA
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sometimes called
“slant range”

A wavelength (eg., 10 cm; not to scalel)
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RIS

* Frequency 3 MHz-300 GHz

* Microwave: Wave length 1 mm-10 m
—L-band 23 cm
—S-band 10 cm
—C-band 5cm
—X-band 3 cm
—K-band 1.5 cm



BRicfimtRzl: PPl

Plan Position Indicator (PPI) PPl sector of radar reflectivity
at 3.54° elevation angle
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CSU-CHILL S-band radar
Supercell: 29 June 2000



BRicfmtRzV: RHI

_ _ RHI of radar reflectivity
Range Height Indicator (RHI) at 67.29° azimuth angle

1 n
Th Jun 29 23:56:34 S "l | Intensity
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RIATNE: REIZE

Send 1 megawatt (106 w)
Received 1 nanowatt (10°w)




RIATNE: REIZE

C,Z

2
4

The received power P =

c, Radar constant, ~1/)\2

Z Radar reflectivity factor

* A quantity determined by the drop-size
distribution of precipitation.

V' distance from the target to the radar



TAMME: REIE

Reflectivity factor ~Z = f | N(D)D¢%dD.

n N: drop-size distribution
. 6
Z —. Z DI Sample Volumes with Equivalent Reflectivity Values
=1
-3 o>
mm-m -
o ¥
™ ¢ “
i et

Nonprecipitating cloud: 10~-10%
Hail: 10/



TAMME: REIE

* Logarithmic z dBZ

—Decibels relative to z of 1 mm® m-3

Z =10 logl,,( ~ )
1 mm°/m”

Clear air
mode

precipitation
mode
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Clear-air scan mode Precipitation scan mode
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Base reflectivity

Radar T —
Side View

Composite reflectivity: maximum
reflectivity in a column



Base Reflectivity

TSRBREGEESRER

NOAA



<20dB2Z Stratiform
>40dBZ Convective
>60dBZ Hail

dBZ

75
70
65
80
55
50
45
40
35
30
25
20
15
10
5

Low dBZ values (blue and green colors) indicate light
precipitation

Higher values in the yellow, orange, and red colors
mean heavier precipitation.

Motion: looping of continuous imageries



EEI‘

=: EREE

Doppler Effect

As the source of the sound waves moves toward the
observer, each wave takes slightly less time to reach

the observer than the previous one, producing a

higher frequency sound.
When the source passes, each wave is emitted from

farther away, resulting in a lower frequency sound.
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EEI‘

=: EREE

Vr: The magnitude and direction of the shift, giving
information about the motion of the target objects either
toward or away from the radar. This measurement is
called the "radial velocity."

Raindrop
w

=

4
e
\
1

v
\ =
oo
L
( ﬁ
Outgoing wavelength Returning wavelength

©The COMET Program



Doppler or Radial
Velocity (V,)

V. = Vcos(a)

Note: A Doppler radar
only detects the radial
component of the
velocity.
e |.e., towards or
away

V: target velocity
o angle between target motion
and radar pointing directions

Figure 6.2 Geometric relationship of a target
located on the center of the antenna beam axis
moving with velocity V at an angle a. relative to
the pointing direction. The radar detects the
radial component of velocity V.

Rinehart (2004)



EEI‘

=: EREE

The actual speed and direction of the wind will only be
observed at points where the radar beam aligns perfectly
parallel to a target's direction of travel.

Radial

e

4 Vwind
R /

©The COMET Program



A&

Warm colors (reds) : Motions away from the radar

Cool colors (greens): Motions toward the radar.

Gray colors : Stationary or moving perpendicular to
the radar beam
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Influences On Radar Coverage

Base Reflectivity

T3RBREGEH8H8R



Most of the time, fog goes undetected by radar because of
its very low altitude and the small droplet sizes

33 of 124
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Radar Coverage of Precipitation with Range (km)—Assuming No Beam Blocking

Good: Deep Convection

Poor: Stratiform

34 of 124



Beam blocking

Influences On Radar Coverage

—

©The COMET Program



Beam blocking




Resolution

Small pixels,
fine detail

Large pixels,
less detail




Resolution

75
70
65
50 B
55
50
45
40
35
30
25
20
15
10
5

Small but important features may not be observable as they
will be averaged over an area that is larger than they are



IR TR

Range is definedby R = ct/2
t: The time between signal sending and receiving

Ambiguous: If the second pulse is sent before the first pulse
returns, t is regarded as the time between the sending of one pulse
and returning of a previous one.

1
The time between pulseis T = ——
P PRF
The maximum unambiguous rangeis R — g __°¢
max - 2 2PRF

The aliased range willbe R — R ax



Pulse going out Energy returning R
e rogram

P —————————————— 0:03 | 0:04 ©The COMET Program

Range Folding

Range - folding distance Range - folding distance

Pulse going out Energy returning ©The COMET Program

©The COMET Program



Pulse going out Energy returning

©The COMET Program
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Bk B IS AR KRS PRF - (Pulse Repetition Frequency)
NyquistRFEE R (Nyquist 1928 ; RFHEFIBHRIER 1933; HREH, 1948)
IR 2 /D NG S IER 21

13 2 R
SRS AL 5 U 8 )
1 —MESEMREE—R | JY=coxx€R T,

limly




. = =
EJisg i
LU EEE V=, 1/2 SES T UL
Bk B IS AR KRS PRF - (Pulse Repetition Frequency)
LSBT (Nyquist 1928 ; FHEFIBRIR 1933; H/REHM, 1948) :
MR 2 /D NG SRR 26 .

Nyquist¥i
L4k {55 1%

KRR AT IR G HL
4

limly




1R E R
ZYUHEE V.=, \/2 f N2 H R

Bk B IS AR KRS PRF - (Pulse Repetition Frequency)
FEE (Nyquist 1928 ; BHEFBRIR 1933; HREM, 1948) :

Nyquist¥i
1 5 5 HRRFEMERE 2R /DN N E SRR 26
f, = 21,

KRR AT IR G HL
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SRR T SR 245, R
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800kHz

SRR T IR

I 1E5Z 3 1MS/s (106 Hz) KA, 1921 1200 kHz [P IE 5%




IR E R

JUPF AR Znf 1 H 152 5 B <47 = 50H R i 2 5 805508, Bl
RO .

Sin (2 /t)
Sin (2 t/t) Sin (4 t/t)

’ T
08k

06}

04t

02t

o

02}

04




Z a8 LR

4 PRF =Nf N>2 f——

A
fij%ij?’/Jz f,j"j EIR=Rcy ﬁf%lﬁ% Ae Ei@f’ f,;

PRFE KT —H 1215
PRF PRF
PRF >2f PRF>2f" = f <T < >

PRF

W% fd — _n

PRF PRF n+N
PRF

e T

PRF = '
n+Nf Nn

PRF >2f' "> 2f
fr= —f>2f




Z a8 LR

= N ., = Nn>2N+2n
n+ N

(N—2)n > 2N
2N 2

Hit, FiFs o LA f4ax=0.5 PRE V=4 * A/2

V._=f;._*A/2 =0.5 PRF » A/2 = PRF » /4
R._= c/(2 PRF)

V..*R.=cA /8 (Doppler Dilemma)
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Dealiased speed:

v=V__+V _ +Aliased_V
=2*V__ +Aliased_V

Vinax JIEA 3 E H I A 3k
RS NE | X Vb YE
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Adapted from Rinehart (2004)
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Radar Assumptions

1. The beam travels at the original inclination angle.

2. The targets absorb very little of the radar's
electromagnetic energy.

3. Target particles are small, homogeneous
precipitation spheres with diameters much
smaller than the radar's wavelength.

4. All targets are either liquid or frozen, but not a
mixture.

5. Targets are uniformly distributed throughout the
sample volume.



Assumption 1: Angle

actual

close up view



Assumption 1: Angle

Height Above the Ground of Radar Sample as a Function of Range
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Assumption 1: Angle

norma| atmosﬁeric conaitions

Refraction , Subrefraction

Occurs mainly when:
temperature inversion,
a sharp decrease in
moisture with height

For examples:

 Nocturnal radiation

« Warm, moist air flowing over cooler surfaces, especially water
 Downdraft cools area under a thunderstorm




Assumption 1: Angle

Superrefraction makes the terrain 50 km away seen by radar

Anomalous Propagation Terrain AP & Terrain

Base Reflectivity

NOAA



Assumption 2: Attenuation




Assumption 2: Attenuation

Attenuation by air is very small
e Attenuation by ice clouds is also negligible
e Attenuation by water clouds is NOT negligible

—For a liquid water content of 4 g/m3, a 3 cm radar may have 10
DB attenuation in one-way path length of 25 km.

e Attenuation by rain is big

— For a rain of 100 mm/h, a 3 cm radar may have 11.6 DB
attenuation in one-way path length of 10 km.

The shorter the wave length, the larger the attenuation will be.

3-cm and 5-cm radars suffer attenuation losses as much as 100
times higher than those experienced by a 10-cm radar.



Assumption 2: Attenuation




Assumption 3: Homogeneity

Conceptual Model of Precipitation Processes inside a Tropical Cumulonimbus Cloud

10 km

7.5 km
- . . "»'. -
0°C — - ° y —45km
o
©
- - . ‘
' — 1.5 km
©The COMET Program
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Assumption 3: Homogeneity

10 cm

4 > Snowflake

Rzlaimiop
/\/\ 1

Rayleigh Scattering

«—>
~1mm-2cm

A nearly linear relationship between the size and the amount of

scattering
10
< -
/\/\ Hail
Mie Scattering

~10cm
Reflectivity values from large targets should not be taken to be

representative of their size.

©The COMET Program



Assumption 4: Phase

Conceptual Model of Precipitation Processes inside a Tropical Cumulonimbus Cloud

-40°C — —10 km

-15°C — . B — 7.5 km

0°C — . s — 4.5 km

— 1.5 km

P 0:01 | 0:07

Ice does not scatter energy as effectively as water and
returns about 7 dBZ weaker echoes than water droplets of
the same size.

Difficult to determine whether an echo resulted from a
region of snow, rain, or mixed precipitation



Assumption 4: Phase

Less reflectivity

T=32°F

Bright Band
More reflectivity

Snowflake

Altitude

Less reflectivity

Snow flakes melt-aggregate-water coating

- Radar bright band, as much as 15 dBZ

- Melt further- more compact raindrops - fall much faster -
reducing the number of targets



Assumption 4: Phase

TERBREREEERER

Base Reflectivity §%;
AP

-

—~3

-~

3

E
=
©

REFLECTIVITY (Zh) [dBZ]. 24/10/95 17:53:15

400 50.0
RANGE [km]

60.0

50.0
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320
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200

140

8.0

40
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Assumption 5: Uniformity

The scattering is averaged over the entire width of the beam in that location

—a 8

©The COMET Program



Assumption 5: Uniformity

i
Actual 60 dBZ core
|
R |
o i
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175316

Radar —
Side View

Targets near the radar represent the low-level wind field,
and targets farther away represent winds at higher

altitudes.



3 i) |

Environmental wind

When radial is parallel
to the wind, the full
component of the wind
is measured

‘‘‘‘‘

©The COMET Program



3 i) |

Environmental wind

When radial is
parallel to the wind,
the full component

of the wind is measured

©The COMET Program



At a 45° angle, radial velocity
will be 71% of total wind

Environmental wind

©The COMET Program



3 i) |

When the radial is perpendicular
to the wind, radial velocity is 0—the Environmental wind
zero isodop (gray zone)

©The COMET Program



Height (km)
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225 270 315 360
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Westerly wind increasing in magnitude with height

height of beam (km AGL)
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Westerly wind with mid-tropospheric wind maximum
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Veering wind with same speed
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Backing wind with same speed

height (km)
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Arrows indicate true wind field

Wind speed is proportional

to arrow length

Color-shading is Doppler
radial velocity field

Y - Distance from Radar (km)
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Base Velocity
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Arrows indicate true wind field

Wind speed is proportional

to arrow length

Color-shading is Doppler
radial velocity field

Y - Distance from Radar (km)
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JES SO : Ground clutter

National Weather Service WSR-83D Image from: EVWX 03/20/2006 21:44 UTC ( 3:44 PM CST)

Ground clutter is produced by returns from targets such as insects, birds,
airborne particulate, buildings, trees, etc.
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National Weather Service WSR-88D Image from: EWX 03/20/2006 21:44 UTC ( 3:44 PM CST) — |
= Topo Radar Counties M Rivers Highways Cities Wamings Legend NOAA




Base Reflectivity
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JES SOl : Biological targets

* Reflectivities usually <15 dBZ, for small birds and bats.
e Often a small patch will move against winds

* An expanding ring may signal takeoff en masse.
* Take note of the time of day and season.

—Mass exit of roosting areas is typical at sunrise
(birds) and sunset (bats, insects)

—Migration is most common in spring and fall.
* Birds typically cause wind speed errors of 10-15 m s%;
 Large insects might generate a bias as high as 6 m s.



S&[Oik: Anomalous Propagation
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JESK[EIiK: Anomalous Propagation

* Echoes will not change much. may disappear or
reappear, but will do so in mostly the same location.

* The targets' velocities will be at or nearly zero.

* Reflectivity values are often erratic and do not
resemble any usual precipitation patterns.

* Echoes may also be relatively weak and extend for
great distances in a beamlike shape.

* Look at another nearby radar or satellite data

* Look at the most recent local sounding to see if a sharp
Inversion Is present.

* Look at a map of local topography to see if echoes are
collocated with higher terrain.



JESSOliE: Sea Clutter
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JESSOliE: Sea Clutter

* Low reflectivity values

e Usually present in only the lowest scans

* A fine, slightly grainy texture

* Echoes generally persist in their location and intensity

Radial velocity shows prevailing wind direction, as
waves and spray move with the wind



JESRMOE: Smoke

Base Reflectivity

Smoke plumes outlined in white

8] 0] i) B Specd: (=] &)



JESHKRMOKR: Smoke

* Low reflectivity (<20 dBZ)

* The echo elongates over time in the direction of the
wind

* Radial velocity will indicate the prevailing wind
direction and speed, as smoke particles act as tracers

* The echo will persist in the location of the source



SROIR:  JERFZKIE]E

* In clear air mode, the radar can also reveal a number

of meteorological features produced by temperature
and moisture gradients that can be precursors to

precipitation events.

* insects and other particulate being concentrated due
to convergence and turbulence along the front, and
some degree of beam-bending due to density

gradients along the boundary

 Warm and cold fronts, drylines, outflow from
thunderstorm downdrafts, and sea and lake breezes



S&ROIE:  JERF7KIE]E

e A very thin line of low reflectivity (<=15 dBZ), which is
often called a "fine line."

* An arc-shape to the fine line, which moves away from
a recent thunderstorm in the case of outflow
boundaries

* A distinct difference in wind direction behind and
ahead of the front, if enough scatterers are present
on both sides



S5mliE: Outflow boundary

Base Reflectivity




SRMOK: Gust front

+ North Platte

+ Lexington

+ Lamar -
+ La Junta N + Garden Gty

< i"ﬁt 3 + Dodge City

+ Ulysses

e from National Weather Service: KGLD 23:30 UTC 0572972004



= sB2: Horizontal convective roll

Base Reflectivity
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Dust

-Often associated with outflow boundaries
and very strong synoptic fronts

Low values

*Fine line with clutters behind

‘Highest near the surface
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Convection

» High reflectivity values (>45 dBZ)
» Its initially cellular shape

» Three categories:
* Ordinary thunderstorms
e Supercell thunderstorms
* Mesoscale convective systems.



Low-level Reflectivity Gradient

e~ Base Reflectivity
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Tight Gradient
indicates that large-hail and/or
heavy rainfall is-sharply separated

from thetow-level updraft .-
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Different intensity of the convection

Base Reflectivity
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Hail

e Above about 60 dBZ

* Three Body Scatter Spike (TBSS)

A 10-30 km long, low reflectivity (< 20 dBZ), mid-level
echo "spike" that extends outward along a radar beam

from a high reflectivity core. Certain indicator of large
hail.




Ordinary thunderstorms

Base Reflectivity

B

T3RBREREE8HERTA

Brent Wachter

Location

Maritime tropical airmasses in the warm sector of mid-latitude cyclones
Back side of low pressure systems

Edges of high pressure systems
Along locally high terrain

Weather:csmall hail, gusty winds, weak tormado



Supercell

Base Reflectivity
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Mesoscale Convective Systems

Idealized Base Reflectivity of Mature MCS °® Wa rm Season mid IatitUde
* Tropics

* Near warm stationary
fronts during night hours
in mid-latitude

 Monsoonal circulations,
Easterly wave, ITCZ in the
tropics
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Regional Composite Reflectiyit'y ~—~¢
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Features

* Long-lived, usually several hours or more

e Often consist of a leading line of strong
convection and a trailing region of
widespread, moderate precipitation

* May contain bow-shaped segments of
intense precipitation within the leading
convection

* May also contain damaging straight-line
winds, especially at the apex of a bow
echo, if it is present
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Tropical Cyclone

Base Velocity




Features

* The eye, nearly echo-free

* The eyewall, most often seen as a ring of high
reflectivity surrounding the eye

* Spiral rainbands, which are narrow bands of
intense rainfall that extend outward from the
center of the storm

>atellite Image 1530 LST |8 (c Radar Reflectlwt 1530 LST '
TR N e ey




Winter Weather




Ice vs. raindrops

* usually lower reflectivity, but larger size
* Water content may increase the Z

Base Reflectivity

Bright band

a
R

TSRBRERESERERIA



Snow features

* Gradual changes in reflectivity values

texture

* Grainy

* Fuzzy echo edges
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Rain vs. Show

Base Reflectivity
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Snow Band




Location of show




Lake Effect

Over the downwind side of a water body

Base Reflectivity ) " Base Velocity
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Lake Effect

Base Reflectivity

Or over the middle of Water bodj
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Features

* Very weak gradients in reflectivity value.
* Fuzzy edges instead of a distinct echo edge.
* Grainy, textured appearance.

* Show may develop into bands of enhanced reflectivity
— Along the warm front,
—To the northwest of the low pressure center
—On the downwind side of lakes and other open water

* Examine your local sounding and low-level
temperature data to see what type of precipitation
could develop.

* Dual-polarization radar data



Reference

http://www.meted.ucar.edu/radar/basic_wxradar/
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