The Radar

Meteorologist Caleb Cravens







In this lesson

-  Background and History
- What is radar?
- How does it work?
- Limitations and advantages
- Advancements in radar
- Radar products and applications
- Base (Z,V, SW) and Dual-Polarization
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War..What is It Good For?

- Radar began as a way to detect
enemy aircraft and ships
- During World War Il (1939-1945),
operators noticed “weather
noise”
- WSR-1 entered service in 1947
- Since then...
WSR-1A, WSR-3, WSR-4,
WSR-57, WSR-74,
WSR-88D*

* In operation today.
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WSR Iterations

Meriden, KS -
631 PM CST 5/19/1960

WSR-3 (retired 1978)
Surplus from Navy, 3cm

Sources: https://www.weather.gov/dtx/beecherradar | https:/military-history.fandom.com/wiki/\WWSR-57

Check out “Operational Use of Weather Radar by U.S. Weather Services”...

ANDREW

NWS MIAMIRADAR
4, 1992

, 1992
SUTC 04:35EDT

'ﬁ}f“.’;

NOAA/AOMI
Miami, FL

n: 100 x 100 km

WSR-88D
Doppler, velocity

WSR-57
“Modern”, no velocity
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https://www.weather.gov/dtx/beecherradar
https://military-history.fandom.com/wiki/WSR-57
https://journals.ametsoc.org/view/journals/wefo/13/2/1520-0434_1998_013_0219_hoouow_2_0_co_2.xml

NEXRAD CoVERAGE BELOW 10,000 FEET AGL

Radars each
have a
4-letter
callsign

Nashuville’s
radar is

KOHX

VCP 12 Coverage

3,000 ft above ground level*

6,000 ft above ground level*

10,000 ft above ground level*

375 750

miles
* Sites with Low Level Elevation Angle

*Bottom of beam height (assuming Standard Atmospheric Refraction)

Terrain Blockage Indicated where 50% or more of beam blocked Nws Nashville TN
?




How Radar
Works

- Antenna dish spins 360
degrees and can tilt up
to 19.5 degrees

- Brief pulse of energy is
sent

- Pulses used to
display target
distance/range
from the antenna f

- Radar “listens” for
energy to travel back
from a target
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Limitations of Radar

Refraction of radar beam
Curvature of Earth's surface
“Cone of silence” and proximity to
radar

Beam spreading and storm
location (more ambiguity)




Limitations of Radar

- Refraction of radar beam
- Curvature of Earth's surface
- “Cone of silence” and proximity to x

radar
Beam spreading and storm S
location (more ambiguity)




Refraction of Radar Beam

- Refraction
- Asthe radar beam propagates
through the atmosphere, the top of
the beam travels faster than the
bottom. This causes bending or
refraction of the beam.
- Causes may include: R
_ pressure ~...
- Temperature SR
- Moisture - "




Causes of Radar Beam
Reg;easgjir:é?mam cause of refraction)

- Decreases with height, causing beam to bend
downward

-  Temperature

- Generally decreases with height, causing beam

to bend upward. Higher lapse rates increase
upward bending.

- %A temperature inversion will cause the
beam to bend downward.

- Moisture S e v -
- Typically, vapor pressure decreases with height, m
causing beam to bend downward. A more rapid' e ‘,‘.f;.
decrease in vapor pressure increases downward S E
bending (and vice versa). - -' PR S

*Increases in vapor pressure with he/ght WI[/ e - B
cause beam to bend upward.
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Normal refraction Beam bends
more than normal

Beam bends less Beam really bends
than normal more than normal


https://www.weather.gov/jetstream/beam_max

Limitations of Radar

Refraction of radar beam
Curvature of Earth’s surface
“Cone of silence” and proximity to
radar

Beam spreading and storm
location (more ambiguity)




City \\AI’ City \\BII

8775 ft




Limitations of Radar

- Refraction of radar beam
- Curvature of Earth's surface
- “Cone of silence” and proximity S

to radar
- Beam spreading and storm S
location (more ambiguity) ﬁ




Cone of Silence and
Proximity to Radar

- “Cone of silence” is the
area where radar is
limited in its ability to
scan directly overhead.

-  Cone of silence radius: ~
1 nautical mile

- Storms closer to the
radar are being scanned
at lower levels than
storms farther away
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Limitations of Radar

Refraction of radar beam
Curvature of Earth's surface
“Cone of silence” and proximity to
radar

Beam spreading and storm
location (more ambiguity)




Beam spreads out approximately
1,000 feet for every 10 miles of travel,
so at 120 miles from the radar, the
beam is over 2 miles wide.

Impacts the resolution of the
returned data. Small storm scale
features that are easily seen close to
the radar are often masked at long
distances.
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Can multiple radars
used at once to hel
with their individua
limitations?




Down Beam vs Cross Beam
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From OHX on July 14, 2015
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Down Beam vs Cross Beam

NEATH Y

< o

NWS Nashville, TN €32
et



From HTX on July 14, 2015
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Conventional v. Dual-Pol Radar

-  Conventional: standard
horizontal pulse

- Detects targets, “listens” for CONVENTIONAL RADAR

energy to return

Sl FR R 3 8% S o
o % i.l-’l'}.)." ¥ JER e .. .. : :.' -.'.’.0._'..-'.

vVersus

- Dual-pol: upgrades
completed in 2013

- Standard horizontal pulse
plus a vertical pulse

- Hail detection, raindrop size,
improved rainfall estimates,
non-meteorological targets

- Detection of chaff, debris,
and melting layer (CC)
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Horizontal Pulse Horizontal Pulse
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Volume Coverage
Patterns (VCP)

Clear Air Mode

VCP Comparison Table for RPG Operators as of RPG Build 22

e Usee [ Temtom ]

o i : tenna rotation rate decreases the
! - 2 accuracy of the base data estimates.
SAILS

31 - Complete volume scan using five elevation ok e e

o o 112 'Vgssi:::;a\;’/e;‘v mitigated for Split Cuts. Limited to asingle SAILS
angles in 10 minutes saus 570 e
35 - Adds overlapping low elevation angles to
help show light precipitation and

non-precipitation targets (~7 minutes)

VSET |V ice for general surveil
i 4 | Bins clutter suppression is not recommended
4 low v-level updates than VCP 12/212.
215 AL > i Limited to asingle SAILS scan. PRF sectors not
= = S p allowed
MRLE |elevati s 12/2 .

le ow, and | i Susceptible to velocity dealiasing failures. No
vity. y coverage above 5°. Rap oping
ive ec loft might be missed

o ° o = & i : B
Precipitation Mode : e~ N
SAILS Y
mms
ce range-obscured V/SW
data compared to VCP 31.

12 - 14 slices, 17 360° scans in ~4 minutes

212 - Similar to 12, best for distant severe weather
215 - General precip surveillance (~6 minutes)

121 - Tropical systems, enhances velocity data (~5.5
minutes)

* VCP Update times are approximate and subject to variation with use of dynamic scanning algorithms. T VCP update times will vary based on Active PRF.
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MRMS - What is it?

Operational Product Viewer

e Multi-radar/Multi-sensor T
System oo o Y
e Integrates the following:
o Data from multiple e —

radars Product Type
o Surface/upper-air =
observations
o Lightning detection
systems
o Satellite
observations
o Forecast models
e Attempts to increase _ : P
accuracy of interpretation, e e R
especially where radar B
performance is degraded
e Provides additional Screen capture, MRMS Operational Product Viewer, November 10, 2021 (6:35 PM CST).
derived products of
operational interest

Overlay mPING Reports [None v
Product Readout



https://mrms.nssl.noaa.gov/qvs/product_viewer/

Radar Products

-  Conventional

Reflectivity
Velocity
Spectrum width

- Dual-pol

Reflectivity
Velocity
Spectrum width

..plus

Differential reflectivity
Correlation coefficient
Specific differential phase




Reflectivity - March 3, 2020
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Reflectivity (2)

Estimated returned
power converted to an
equivalent value
-  Measured in dBZ
Most commonly
used/seen product
- Helps to identify
precipitation and
some
non-meteorological
targets

Minor Hil

NWS Nashville, TN



Ashland City

Velocity - March 3, 2020
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Velocity (V)

- Motion of a target o T T N -wJ
detected, either toward or - RN T
away from the radar il B ok

- Measured in knots
(kts)

- Commonly used to detect
damaging winds and
tornadoes

*Need to enough targets for
accurate reading

N.a'slivi,‘*




Storm-relative velocity - March 3, 2020
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Storm-Relative Velocity
1Y)

- Motion of a storm
subtracted out to help
better identify rotation

- Measured in knots
(kts), converted to
miles per hour (mph)

- Storm motion (speed and
direction) can be manually
adjusted in some radar
software

*Need to enough targets for
accurate reading
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- Look for gate-to-gate winds
(typically shades of red and
green on velocity images)

- Strong winds, adjacent
on radar, usually indicate
rotation

*Reflectivity must be co-located
with velocity




Spectrum width - March 3, 2020
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Spectrum Width (SW)

Detects order/disorder in
radar velocities
- Measured in knots
(kts)

- Helps to identify
turbulence/wind shear
(i.e. gust fronts, center of
greatest rotation)

- Higher values = turbulent

-  Lower values = less

turbulent

*Need to enough targets for
accurate reading
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Differential reflectivity - March 3, 2020
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Differential Reflectivity (ZDR)

Difference in horizontal and
vertical reflectivity
- Measured in dBZ

- Near O dBZ: spherical targets
- >0 dBZ: horizontally-oriented

targets
-  <0dBZ: vertically-oriented
targets

*Need to enough targets for
accurate reading
<0dBZ

~0dB. >0dBL

.

NS Nashville,




Differential Reflectivity (ZDR)

- Raindrops
- The larger the drop, the more
horizontal/oblate its shape m
- Larger drops = higher ZDR
- Hall
- Tumbles as it falls, making it appear
spherical @

- ZDR values near zero

- Debris
- Does not have preferred orientation
- Values near or slightly below zero on ZDR
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Correlation coefficient - March 3, 2020




Correlation Coefficient (CC)

- Helps to detect similarities or
differences in target shapes
- Higher values = similar
targets
- Rain and some snow
- Lower values = varying
targets
- Wet ice/snow or
non-meteorological
targets such as debris
- Can also help detect a
melting layer

*Need to enough targets for
accurate reading

. . .

le, TN




Correlation Coefficient (CC) - Example
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https://docs.google.com/file/d/1SHANFXh6OwP0XSWd6OFdC9MTqM2VVHf2/preview
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Applying radar
techniques

How warnings are
issued...

NWS Nashville, TN ¢
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Applying radar analysis to real-life scenarios



https://docs.google.com/file/d/1-z_UeibBBYzKD6w1jh7Dl8a-FLVeJ--9/preview

Real-life
sceharios

NWS Nashville, TN *
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Rules

- Select from these options:
- Warning needed (severe thunderstorm or
tornado warning)
- No warning (includes early cancellation)

Warning No Warning
needed
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VT: 2017/09/10 - 21:25:22
PT: 21:25:37

=100

=110
3 . % 3 : 3 -120
BR 0.412° SN S A . o o R T : ===~ | SRV 0.402°

Hurricane Irma (FL) - 09/10/2017 5:25 PM to 6:40 PM EDT
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https://docs.google.com/file/d/1YGUAdRWz86-R5--dWCK7rHznK3kOjGvn/preview

VT: 2017/09/10 - 21:25:22 | KMLB -
PT: 21:25:19{ VCP: 212;

— - - ~Maytown
MPE 5

CHOOSE:

/

Warning needed

Shiloh

Scottsmoor

Turnbull

. —_Mims

No warning

Titusville

Indian River City

5:25 PM - Warning or no warning?
NWS Nashville, TN




VT 2017/09/10 21:31:467 KMLB
©21:35:02| VCP: 212

CHOOSE:

/

Warning needed

Maytown

Shiloh

Scottsmoor

Turnbull

BN §¢

(2 Titusyille
= —

Indian Rlver Clty r ‘;é-_
‘ %

50/%—/_ \

Bellwood

No warning

Port Salnt John
AL %

90
= nn\‘

-110 g
-120 i : \
3 SMV: -3 SRV 0.402° ‘ P -

NWS Nashville, TN

5:35 PM - Warning or no warning?




PT: 21:45:21

5:45 PM - Warning or no warning?

=90,

-mk

CHOOSE:

L% Turnbull
> \==

/

Warning needed

i

-

No warning

‘Bellwood

-
-

Port Saint John

-110
-120
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VT: 2017/09/10 21:45:23 | KMLB
S21800y 15 VCP: 212

| M
120

110
100
90
80

Maytown

—100

-110
' ffzo'
SRV 0,388°

Cape Cal

5:50 PM - Warning or no warning?

CHOOSE:

/

Warning needed

No warning



= T 2017/09/10 - 21:51:57

: MLB i : ) -\ ; £ 20
= '-pT‘ il Bl a ; - : ﬁﬁﬁ e — CHOOSE:

/

Warning needed

No warning

1 x :
2he Canayeral ity SMV: =-4| SRV 0.379°

5:55 PM - Warning or no warning?
NWS Nashville, TN
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__Shiloh__

Scottsmoor

Turnbull

\
\

Titusville

5:25 PM - Actual warnings
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= VT: 2017/09/10 - 21:31:46
= PT:21:35:02

Scottsmoor

Turnbull

5:35 PM - Actual warnings
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VT#2017/09/10 - 21:45:23
= = PT: 21:45:21

‘Bellwood

-
-

Port Saint John

5:45 PM - Actual warnings
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Bellwood

9 Port Sainﬁohn
\ oL > - 1

- w

; f i \ sharpesv

SRV 0.388° L ‘:"\ \

5:50 PM - Actual warnings

NWS Nashville, TN




VI 2017/03410 - 21.:51:57
. 21155:13
Ry = u-f“ =

Turnbull

=90,

o\
=100,

5 i —1 10
> e -*1 20r
! smv. =-4| SRV o 379°

5:95 PM - Actual warnings
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South Tunnel
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Davidson, Sumner, Wilson Counties, TN - 12:32 AM to 1:12 AM CST
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South Tunnel Bethpage|

>

L
~ . Castalian Sp
3 6oo0. TR

5

12:35 AM - Warning or no warning?

NWS Nashville, TN

CHOOSE:

/

Warning needed

No warning




Bethpage|

N CHOOSE
..' Whﬂe,&o:’:ﬂ;‘ v. X .

°
w1

7

Castalian Spy

T R

S

Gallatin

Warning needed

No warning

12:40 AM - Warning or no warning?
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CHOOSE:

/

Warning needed

South Tunnel * Bethpage|
: o

No warning
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12:52 AM - Warning or no warning?

NWS Nashville, TN




Results

&
>
y.
X o
+
= O
SR

oo




. Hendersonville -

o

12:35 AM - Actual warnings
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12:40 AM - Actual warnings
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12:52 AM - Actual warnings
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Remember...radar images are available for many heights in
.. the atmosphere!
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For more on the March 2-3, 2020 tornadoes,
visit weather.gov/ohx/20200303.



http://weather.gov/ohx/20200303
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Today’s attendance

Were multiple people watchmg from .
one screen?

Let us know!
caleb.cravens@noaa.gov
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NWS Nashville Presents

Next classes:

Rip Current, November 20 at 7 PM
Hurricanes, November 21 at 10 AM
Radar, November 25 at 10 AM
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Questions
>

caleb.cravens@noaa.gov
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