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DEVEIOPMENTOTIRA0AN;

* Raaar technology has been used
since World War Il

enemy aircraft an‘oll» ships-
discovered that precipitation also
appeared on radar displays

« By the end of the war radar
technology had advanced
considerably, and scientists
began using surplus radars to
study and monitor weather
features.




WHataSIRaCare:

* RAdI0O Detection Ana Ranging
(Radar), is used to detect

|n,|r1-dn-ﬂ|n,|n"r-:nj"mm and
thunderstorms

examine storms with more
precision
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The radar used by the National
Weather Service is called the
WSR-88D, which stands for
Weather Surveillance Radar -
1988 Doppler (the prototype
radar was built in 1988).




HOWAT Works

wayve, is emitted from an antenna the aunt of energy t at IS

returned to the radar
* As it strikes objects in the

atmosphere, the energy is * That provides us with the ability
scattered in all directions with to “see™ rain drops in the
some of the energy reflected atmosphere

directly back to the radar

Puise going out Energy returning

©The COMET Program




RadaiBean

° A conical shaped beam is
Tormed as theenergy moves
away from the radar;with

decreasing away from the
centerline

+ We define the width of the
beam as the distance
between the two half power
points - the point where there
IS a 50% reduction in the
radar’s transmitted energy

« For the NWS Doppler radar,
the angle between the two
half power points is one
degree; outside of the half
power points, the energy
rapidly decreases

Half Power Points
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Half Power Paints

Radar beam width depends on the distance from the
radar. The width of the beam expands at a rate of
almost 1,000 feet (300 m) for every 10 miles (16 km)
of travel.
At 30 miles (48 km) from the radar, the beam is
approximately 3,000 feet (914 m) wide
At 60 miles (97 km), the beam is about 6,000 feet
(1,800 m) wide
« At 120 miles (193 km) the beam is nearly 12,000
feet (3,700 m) or over two miles (3.2 km) wide.



RadaraBeamionsiderations

Beam width spreading affects the resolution capability of the radar. Small features,
which can be seen close to the radar, are often obscured when viewed at great
distances

his decrease in resolution, at increasing distances, is often why a solid line of
thunderstorms appears to break-up as it approaches the radar. In reality, the line of
thunderstorms may have never been solid in the first place; it is just the lack of
resolution of the “gaps™ that causes the radar to “see™ a solid line

The spreading beam also causes differences in the appearance in the strength of
storms

Of two identical storms (same strength, height and width), one at 60 miles (97 km)
and one at 120 miles (193 km) from the radar, the storm at 60 miles (97 km) will
appear stronger as it fills more of the radar beam which returns more energy.

Storm 1 Storm 2

Radar




RatarBeanConsiderations

* e beam also bends and does not
travel in a straightline due to

differences in atmospheric 'Ldnhlh
caused by variations in temperature,

- ....V.v_ NG B ..._-‘ :_.‘, .: 1""'_'"7“- 1.~ ' ._, ANy
the less dense the atmosphere the
faster the beam travels. These
changes in density can occur over
very small distances so it is common
for the beam to be in areas of

different densities at the same time,
causing it to bend in the direction of Under normal atmospheric conditions, a radar
beam’s curvature is slightly less than the earth’s

the slower portion of the wave. B

* Atmospheric density naturally
decreases with increasing elevation
due to the decrease in air air
pressure, allowing the top portion of
a beam in the atmosphere to move
faster than the bottom portion



RaoaraBeame

Subrefraction

(CONSIOETatioONS:!

If the decrease in density with height
IS more than normal then the beam
bends less than normal and climbs
excessively skyward

This is known as subrefraction, and

causes the radar to overshoot objects

that would normally be detected

»> Distant thunderstorms might not be

detected with subrefraction as well as
under reporting the intensity as the
beam hits only the top portion of the
thunderstorm cloud

if the decrease in density with height
is less than normal then the beam
bends more than normal and is curved
more toward the earth's surface

This is known as superrefraction, and

causes the radar beam to be closer to

the earth's surface than normal

» This can lead to overestimating the

strength of a thunderstorm as the
beam would be detecting more of the
core of the storm versus the weaker
upper levels



RatarBeanConsiderations

+ If the atmospheric condition that
causes superrefraction bends the
beam equal to or more than the
earth’s curvature then a condition
called ducting, or trapping, occurs

* Ducting often leads to false echoes
also known as anomalous
propagation or simply AP.
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DOPPIETAECHNOIOBY,

Doppler radar systems can providae
intormation regarding
the movementoi targets as wellfas

their position
yvhen the WSR=-66D transmits I”I““Qx*
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and form) of those pulses

By measuring the shift (or change) in
phase between a transmitted pulse
and a received echo, the target's
movement directly toward or away
from the radar is calculated

This provides a velocity along the
direction the radar is pointing, called
radial velocity
»> A positive phase shift implies
motion toward the radar; a
negative shift indicates motion
away from the radar.
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Ra0arsSCannNinEA eEcChngues

Radar Scanning Pattern

'U'L'n.e W |‘11“dr radar ‘ﬂﬂﬂ‘“h

Scan angle

hlghei—"and hlgher preset angles
called elevation slices, as it
rotates

Footnote:
Elevation angle and scanning speed increased to show detail

 These elevation slices comprise

a volume coverage
pattern (VCP).

©The COMET Program

* Once the radar sweeps through
all elevation slices a volume
scan is complete

* In precipitation mode, the radar
typically completes a volume
scan every 4-6 minutes,
providing a 3-dimensional look
at the atmosphere around the
radar site.




DU PO arZation
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updraded to dual=
capability during the early
2010s

ﬂ_ﬂ TRANSMIT

> The “dual-pol* upgrade i /N
included new software and a
hardware attachment to the
radar dish that provides a
much more informative two-
dimensional picture

* Dual-pol radar helps NWS
forecasters clearly identify
rain, hail, snow, the rain/snow
line, and ice pellets improving
forecasts for all types of
weather
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DUAIFRoIBenent

°Another important benelitis dual=polmore ciearly detects airborne tornado debris
(the aebris ball)=allowing forecasters to coniirm a tornado 1S on th
causing damage so they can more coniidently warn communities in its path
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> s is especially helpiul at night when ground Spotiers may be unabie to see the
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DUSIFEOIIBENENTS

jineseimages snow:now duals
polarization helps the NVV.Siiorecaster
dgetect a tornado producing damdage

inettop image snows how the boppler
WO yellow arrows, the red color
indicates outoound wind while the

qu'u:a wawcmm this is d.U w
earth S surface Unless thefe ‘were
storm spotters visibly watching the

storm, we would not know for certain

that a tornado was present

* The bottom image shows how dual-
polarization information helps detect
debris picked up by the tornado so we
have confidence of a tornado as these
two areas coincide.
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weawma from uu. energy reilected back to the radar

> hnere are two types:
1. Bbase keilecuvity (72 elevation)

-

z. Gomposite keilectivity

Composite Reflectivity Base Reflectivity




BaSEIREHECUIVITY,

* hisimage (right) IS a sample

Doppler radar in Erederick; OK.
ihe radaris located in the
center ol the image.

the radar expressed in values
of decibels (dBZ). The color
scale is located at the lower
right of each image.

As dBZ values increase so
does the intensity of the
rainfall.

» A value of 20 dBZ is typically
the point at which light rain
begins
The values of 60 to 65 dBZ is

about the level where 1" (2.5
cm) diameter hail can occur



BaseIRetectivity

Fast Facts
The dBZ values equate to AR .
approximate rainfall rates indicated e
below. L7l 412
dBZ to rainfall rate comparison ‘ ‘[IF WJ;.'};); ' Coma
Vg AN i s
(in/hr) (mm/hr)
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and are not the actual amounts of "”’Eqﬂ' »@‘:f 4" ',é}aj‘/ A“ }}"r - | %Hé
rain a location receives. The total =55t ?”1.«. : " ”‘“ . rg"zr'; = ;-: i

amount of rain received varies with
intensity changes in a storm as well
as the storm's motion over the
ground.
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BOMPOSILERET ECUVITY

vvhen allfreturnsiirom all
elevation scans are compiled a

L €

image is created which takes ther == / | 5
highest dBZ value from all | A e
| ) NS W
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Itis a pic

returns from all eleva lons

When compared with Base
Reflectivity, the Composite
Reflectivity can reveal important
storm structure features and
intensity trends of storms

This is important because often ,
during the development of strong [
to severe thunderstorms, rain-

free areas (or areas with light

rain) develop as a result of

strong updrafts




BAaSENSREOMPOSILE,

Near the radar, the beam is

(Top) At increasing distance, Base
Reflectivity is viewing higher and higher
in storms and the beam may overshoot
the most intense parts.

(Left) Composite Reflectivity looks at
ALL elevation scans in order to create an
image.



BASE: \JJa CJI I J ,)JJ] :':'

> e looptotherigntis a base
reliecuvity image irom the sarne

Ume: as the composite view

* When higher elevation scan
information UsU.wJ""*Eluuw.'rw
um,*.e&bq

|. on’ '-'_ ] Wo eS
raln however the base
reflectivity image does not show
that rain, so it is probably not : . e
reaching the ground but PR R Sl O e 2117 O
evaporating as it falls from very ' e T S
high in the atmosphere

» Evidence of very strong updrafts
can be seen when comparing the
two images
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« At #1 the fuchsia colored region on the comp05|te
image is not evident on the base reflectivity, which is
likely hail that has yet to fall

« At #2 and #3, appear to be more rain supported by
strong updrafts, but require additional interrogation to
determine what is taking place at these locations
which will come from the velocity products.




RA0 o0 UGSV EIOCILY

A primary advantage offbopplerradar
from previous generation NWsS radars

&‘; UUE; H”“ w |id!jg mn"dhm
'LrL'w uw'dlm ﬂt.:ees cuw wﬁ.u.r.utw w.&ru

blrds and smoke partlcles

* However, the only motion it can “see”
Is called radial velocity. This motion is
NOT the direction of the wind but
the portion of the wind's motion that is |
moyving either directly toward or away
from the radar

» The motion of the wind, relative to the
- . )
radar, is broken down into two
components... A S e E 6
1. the motion perpendicular to the el T O j
radar beam and |
2. the motion along that radial
(either directly toward or away
from the radar)




BaSEN/EIOCILY,

o Basevelocity,likerbase reileclivity,
provides a picture oithe basic wind

fielairom the lowest (7zg) elevation B ey REEIPE A AN

hardly any velocity information
outside of the areas of precipitation.
»> with precipitation, Base velocity is
useful for determining areas of

strong wind from downbursts or
detecting the speed of cold fronts

Remember, the radar beam elevation
increases with increasing distance
from the radar. Therefore, the
reported value will be for increasing
heights above the earth's surface.
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STONMIKEIAUVEN EIOCILY,

* Vvhen looking for rotation in ]
thunderstorms the overall BT s
motion of the storm can mask 3*- o

any storm circulation as seen in -‘5' fi

storms is subtracted from the
velocity, the wind circulation
relative to the storm itself will
become more evident

Storm Relative Motion is the
wind’s motion as if the storm
was stationary.
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BaSENSISTOTMIREIative:

* Forsmall'scale thunderstorm
circulations, irom which tornadoes
often form, will typically be indicated
L':y‘y "]iﬂ”ml:j inbound wind located
z‘“nmen, “‘1‘”"9 Jiﬂnmgo( ‘n‘llué‘n‘l/lmo'/\V‘Vﬂf“n'/

When looking at Storm Relative
Motion it is important to know where
the radar is located in order to
determine if there is a possible
tornadic signature

The loop (right) shows the
comparison of the Base velocity
and Storm Relative Motion. The
yellow dot in the center of the image
is the radar’s’ location
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Keémote sensing via
satellites provides a
unique perspective irrom
which to observe large
regions

||'m‘*‘13 SENSOrS Cdll
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25 Jan 2022 07:40Z NESDIS/STAR GOES-East GEOCOLOR




SatelItESIAREMBTESENSING

Electromagnetic waves are invisible
forms of energy that travel though
the universe

['his visible part of the
electromagnetic spectrum consists
of the colors that we see in a rainbow
- from reds and oranges, through
blues and purples.

Each of these colors actually
corresponds to a different
wavelength of light

Waves in the electromagnetic
spectrum vary in size from very long
radio waves the size of buildings, to
very short gamma-rays smaller than
the size of the nucleus of an atom

The smaller the wavelength the
higher the energy.

AM Radio

*Shortwava”

TV
Radio Waves

Microwave Oven

Dopgpier radar

Electromagnetic Spectrum




Whatisatellitesyvieasure

Most of the sun's energy comes from visible light and the near infrared portion of.
the electromagnetic spectrum. All of the outgoing energy emitted by the earth is
infrared

I'he atmosphere absorbs some this energy while allowing other wavelengths to pass
through

Wavelengths of Wavelengths of
INCOMING Radiation OUTGOING Radiation
from Sun L r from Earth

Electromagnetic Spectrum

.

Gamma-rays X-rays Ultraviolet VisiBle Infrared Thermal IR Microwaves Long-waves

Incoming | Outgoing

t

Energy
Intensity

Ultraviolet VisiBle Infrared




Whatisatellitesyvieasure

ilhe places where energy passes through are called “atmospheric windows=. We use
these “windows: = in remote sensing to peer into the atmosphere from which we can
obtain much information concerning the weather

T'he dips in the incoming and outgoing energy are where the atmosphere absorbs
energy. Some of the incoming energy is absorbed by the atmosphere whereas most
of the infrared energy emitted by the earth is absorbed

Ultraviolet VisiBle Infrared 10 Mm 70

: Absorbed by
Q. > Atmosphere
0

Absorbed b



Whatisatellitesyvieasure

* Taking advantage of these “windows™, we look at the atmosphere at
various wavelengths. Each of these channels were chosen to provide

different views of the earth.

Ultraviolet Visible

s
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Absorbed by
Atmosphere
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Atmosphere (%)
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VIETEOTO1081GAIISAtENITEN N PES

POLAR ORBITING
SATELLITES
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PO1aROItNESatelItes

Advdntages
Gloser to the earthh with an oroit oF
about v20 miles (655 km) above the
SUrrace

Closer orbit provides much more
detailed images

« Cannot see the whole earth's surface at any one time

» The path of each orbit changes due to the earth’s rotation so no two images are
from the same location

» Limited to about six or seven images a day since most of the time the satellite is
below the earth's horizon and out of range of listening equipment
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SOStAUONANRISAtENITES
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once every minute

* I'heir location, at 22,500 miles (59,000 km) above the Earth, provides lower detailed
views

* Views ot the polar regions are limited due to the earth's curvature



GOESH
GEOSTatioNaryIOpsErvational i ENVIronmentaliSatellite:
InIiNovember 2010, the newest

geostauonary satellite; GOESIR; was
launched

After a year undergoing through | - S
testing, it was designated GOES-=16 Sensor (B45)
(GOES East) and placed in operation O i T

Solar Ultraviolet

“"ia‘:J"l,\ Vas Imager (SUVI)

was deS|gnated GOES 17 (GOES West) it
and currently operates over 137°W Mapper (GLM)

Both GOES-16 and GOES-17 will cover the Weather Hemisphere from the West coast of
Africa to as far west as New Zealand

Two additional GOES-R series satellites will eventually be launched to help provide
dedicated service through the year 2036.



ABIISPECLIAIISanus

GOES-16 Band Reference Guide

Patrick.Ayd@noaa.gov

ABI Band #1
! 0.47 microns

_ Visible (“Blue Band”)

Primary Uses:
* Monitoring aerosols (smoke, haze, dust)

¢ Air quality monitoring through measurements of
aerosol optical depth

s T3 ABI Band #2

Primlal_y. Uses:

o Daytil itoring of clouds (0.5-km spatial res-
olution)

¢ Volcanic ash monitoring

] ABI Band #9

6.9 microns

IR (“Mid-Level Tropo-
sphere WV Band”)

In a standard US atmosphere the weighting function
peaks around 440 mb. **NOTE: The sensed radiation is

from a layer, not just the peak pressure level which
itself varies from the standard value

I‘w/, .

Primary Uses: Mid-level feature detection

ABI Band #10

_. 7.3 microns

IR (“Low-Level Trop-
“ osphere WV Band”)

In a standard us atmosphere the weighting function
peaks around 615 mb. **NOTE: The sensed radiation is
from a layer, not just the peak pressure level which it-
self varies from the standard value

Primary Uses: Low-level feature detection (EML, fronts)

ABI Band #3

Near-IR (“Veggie
Band”)

Primary Uses:

« High contrast between water and land

e Assess land characteristics including flooding
impacts, burn scars, and hail swath damage

. ABI Band #4
3 "" : 1.37 microns
o Near-IR (“Cirrus
.J e ——————— Band”)
Primary Uses:

* Thin cirrus detection during the day as the lower
troposphere is not routinely sensed

* Volcanic ash monitoring

<2 ABI Band #11

=

8.4 microns

IR (“Cloud-Top Phase

Primary Uses:

e Cloud-top phase and type products derived when
combined with the 11.2- and 12.3- micron channels

e Volcanic ash (S02 detection) and dust

ABI Band #12
- 9.6 microns

IR (“Ozone Band”)

Primary Uses:

« Dynamics near the tropopause including strato-
spheric intrusions (high ozone) associated with
cyclogenesis. PV anomaly applications

e Input to Airmass RGB

i

. %! ABI Band #5
|

= \,-.‘A  Near-IR (“Snowl/Ice
v Band”)

-- 1.6 microns

Primary Uses:

« Daytime snow, ice, and cloud discrimination
(Snow/Ice dark compared to liquid water clouds)

* Input to “Snowl/Ice vs. Cloud” RGB

ABI Band #6
2.24 microns

Near-IR (“Cloud Par-
ticle Size Band”)

Primary Uses:
¢ Cloud particle size, snow, and cloud phase

« Hot spot detection at emission temperatures of
greater than 600K

£l ABI Band #13
! 10.3 microns

IR (“Clean IR
® Longwave Band”)

o Less sensitive to atmospheric moisture than the oth-
er IR channels. As a result brightness temperatures
are usually warmer than traditional IR as less radia-
tion is absorbed by water vapor and re-emitted at
higher altitudes

; ABI Band #14
® 11.2 microns

. IR (“IR Longwave

¢ The traditional IR window

« Differenced with the 3.9 micron near IR channel for
low stratus and fog detection

| ABI Band #7
3.9 microns

IR (“Shortwave
Window Band”)

Contains daytime solar reflectance component
Primary Uses:

e Low stratus and fog (especially when differenced
with the 11.2-micron IR channel taking advantage
of emissivity differences)

* Fire/hot spot detection and volcanic ash

ABI Band #8
6.2 microns

’ IR (“Upper-
~ Troposphere WV

In a standard US atmosphere the weighting function
peaks around 340 mb. **NOTE: The sensed radiation is
from a layer, not just the peak pressure level which
itself varies from the standard value

Primary Uses:

o Upper-level feature detection (jet stream, waves,
etc.)

! ABI Band #15
12.3 microns

IR (“Dirty IR

Longwave Band”)

« Greater sensitivity to moisture compared to the 10.3-
and 11.2-micron channels. As a result, brightness
temperatures will be cooler

« Contributes to total PWAT and low-level moisture
information

WA =g 7SR ABI Band #16

13.3 microns

IR (“C02 Longwave
IR Band”)

Primary Uses:

e Mean tr ic air temperature

« Input to RGBs to highlight high, cold, and likely
icy clouds

Useful Links:

« Individual ABI Band Guides: http://www.goes-r.gov/education/ABl-bands-quick-info.html|

« ABI Weighting Function Page: http://cimss.ssec.wisc.edu/goes/wf/ABI/




GOES-16 Baseline Products and RGBs

Patrick.Ayd@noaa.gov

Derived-Motion Winds (DMWs)
Availability:
e Full Disk: 60 minutes
e CONUS: 15 minutes
e Mesoscale: 5 minutes

How it works: Uses a set of three sequential imag-
es to estimate at pheric using six ABI

bands following a set of targets (cloud edges or
clear sky water vapor gradients)

Uses the ABI Cloud Height Algorithm (ACHA) to
assign heights

GOES-16 Baseline Products and RGBs

Daytime Convection RGB A e ;.
Uses: ® =g 7
vy . . " ot -y g

« Identification of convection with strong updrafts and small foronge! o8

. . I 4 Gy »

ice particles indicative of severe storms :t—-—d—h-l--& '/1’*;( i z i
¢ Microphysical characteristics help determine storm el lé/ "'.':)4/ A tof ds

y ‘o ol
strength and the stage of development ¢ 2 1 ]
Mid chosdn. theck, wrael water o ke .

Limitations: Ivo#e grven)
« Daytime only. Pixel color fades when the sun angle is low zm“'

o False “Yellow/Strong Convection” may be caused by moun- | [F] Jnr = ke sme
tain wave, dust or cold cloud tops with only moderate 3.9-

micron reflectance

E mmmwhm

Fire Detection and Characterization (FDC)

How it works: Fires produce a stronger signal in the mid-wave IR bands
(around 4 microns) than they do in the long-wave IR bands (such as 11
microns)

The FDC looks for hot spots exploiting the 3.9-micron channel. The al-
gorithm screens out surfaces that are not usable, such as water, tundra,
deserts, and sparsely vegetated mountains. The algorithm also screens
out clouds that are opaque for ~4-micron radiation. This is different than
a typical cloud mask since fires are often detected through thin clouds
such as cirrus or stratus decks

o

Once a fire has been det and correcti pplied to the radi

the instantaneous fire size and t e can be estimated. Fire Radi-
ative Power (FRP) is also calculated for the fire. FRP is directly related
to fire size and temperature

R ABI Wikdfi Automstod Biomass
eithn (WF_ABEA) fire mask produc

|-

Nighttime Microphysics RGB

(VEL-EH W i e
e Fog and low-cloud lysis and differentiati S
¢ Multi-channel approach allows for quick cloud type discrimination i

. . . W Tk, waten/ s choedd
e Outflow boundaries and drylines can be seen -

(1] e

[7] M s, e ot
dart et

Limitations:

* Nighttime only. Thin fog can blend with the surface g

[0 1 ek ko (et ot

« Shortwave noise in extreme cold. Color of cloud-free regions varies [ " "

[E n‘m—.aa—\
jot el

based on temperature, moisture, and surface type

Rainfall Rate Product

Overview:

fl: P 3 —=
SERVI Example

o Full ABI pixel resolution

e Available every 15 minutes with less than 5-minute latency

« Full Disk (Day and Night) » ;y

e 0to 3.9 in/hr range

- o~
How it works: Using basic assumptions, cloud-top temperature (IR) is h<7 . k’:g‘z" Benlitir a ,,.}
related to cloud-top height, which is related to updraft strength trans- o= g p
porting moisture into the cloud. Updraft strength is related to rainfall

rate

The IR algorithm uses ABI bands 8, 10, 11, 14, and 15 with a fixed calibration to a microwave-retrieved dataset

Clouds are divided into three types (water, ice, and cold top convective clouds) for rainfall rate classes. Satellite
rain estimates perform best for convective rain and poorly for stratiform precipitation

Orographic effects, sub-cloud evaporation, and sub-cloud phase changes are not taken into account

Airmass RGB Daytime Composite #1 RGB

Example: High-PV, -
ozone-rich stratospheric

Bands 2, 5, and 14

Purple/Pink: Ice or

air (appearing red/ .
m snow A3

orange) can be utilized =

to monitor stratospheric Orange: Liquid ¥y

intrusions during water containing B
cyclogenesis clouds

v P

Geostationary Lightning Mapper = T = X
Event: Any illuminated pixel during a 2-micro sec- Flushes - Groups
ond period. Useful for developing convection (initial
electrification), lightning spatial extent, and storm
triage

Group: A cluster of events in time and space. The B
location is weighted by optical intensity and is most
similar to NLDN and ENTLN CG strikes and in cloud | fvents
pulses

Flash: Cluster of groups in time and space. Most
similar to a flash in all other networks. More closely
related to updraft and storm intensity

GLM has 20-second updates




Ihanksiforiyourtime!

Questions?



