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What is Dual-Polarization & e
Ditfferent from Current REcEE

* Many radars transmit and
receive radio waves with a
single, horizontal
polarization

e Polarimetric radars transmit
and receive both horizontal
and vertical polarizations
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Base Products Avail
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o Still get:
— Reflectivity (Z)
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Differential

e Diff between the Horizontal

& Vertical reflectivity factor
* Defines the drop size
* Good indicator of mean

drop size
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Reflectivity®

e Used for:-jt;.f

— Hail

— Melting Layer
— Updraft

— Tornadic Debris
— Rain vs Snow

— Dift Types of Frozen
Precip
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» Used for: Hydrometeors Values
— Large Hail Non-meteorological Low CC
— Tornadic Debris Meteorological - non uniform  Mod CC
. Meteorological - uniform High CC
— Rain vs Snow 5 5
— Meltlng Layer ﬁ5 .aaﬂ
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Specific Differential Pl

» Range derivative of the
differential phase shift

along a radial

* Non meteorological
echoes aren’t shown

« Similar to ZDR
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Hydrometeor Classification Alg

HCA uses polarimetric base data to make a ¢

type

Quick look at regions of interest

Used as input for improved QPE

Limitations = subjectivity & overlaps

Its an algorithm 4 0
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e Very high Z (> 55 dBZ) * Low CC (0. 79~ J*‘)J) :
e Variable ZDR: e If melting hai
— Usually low (-0.5 - +1.5dB) (>1.5 deg/km)

— Positive when mixed with
rain!
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Presentation Notes
Now let’s take a look at the characteristics of hail in the dual-pol base products.  Hail has very high reflectivity, usually greater than 55 dBZ but we’ve seen examples of gigantic hail in reflectivity around 40 dBZ.  ZDR will usually be fairly low, between -0.5 dB and 1.5 dB, due to the tumbling motion of the hail as it falls.  ZDR can be quite variable though, and in cases where the hail is melting or mixed with rain there may be very little reduction in ZDR.  For this reason, CC is usually the most consistent indicator of hail.  Even when hail is mixed with rain and there is not a clear signal in ZDR, CC will usually be fairly low.  Values of CC in hail are usually below 0.95 and can dip below 0.85 for significant hail, say larger than 2 inches in diameter.  KDP is fairly immune to hail, but will be high in the presence of melting hail, as in this example.  Hail not mixed with rain will have very low KDP, less than 0.5 deg/km.  This assumes of course that KDP is computed in areas containing hail, not always a safe assumption.



TBSS Example from Pittslb
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Strengths
— More robust than using Z alone |
 (Can see hail signature in ZDR and/or CC even whe
— Can detect significant hail (> 2 inches diameter)
— TBSS easier to detect
Limitations
— No explicit size estimation
 Differentiation between marginally svr and non-svr hail

— If hail is detected, sometimes still not possible to tell if it is reaching the
ground
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Presenter
Presentation Notes
Dual-pol hail detection is more robust than using Z alone.  You can cross-check with ZDR or CC for any Z values that are questionable.  Detection of significant hail is possible, though be careful no to rely on the giant hail signature.  Often times the storm is too far from radar or other data quality issues crop up such that you won’t see the giant hail signature even with giant hail reaching the ground.  Finally, TBSSs show up much easier now with dual-pol, even with precipitation down-radial of the hail core.
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Presenter
Presentation Notes
The presence of tornado debris can result in a local reflectivity maximum, as seen in this image.  Note that in this case the values of reflectivity are greater than 60 dBZ.  The random orientation of tornado debris means that the ZDR will be reduced to near 0 dB.  In this example, the gray areas actually represent negative ZDR values.  CC will also be extremely low due, usually less than 0.80 due to both the random orientation and the irregular shape of the debris.  This signature should be co-located with a strong rotational signature in SRM.
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of low CC where there is rotation
== and higher level of reflectivity aloft
e Jlow CC values — less than 0.92
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Presentation Notes
Really focusing on the low CC values in showing the debris ball signature this is going up in slices. We really show the debris ball aloft at 30000ft in the ZDR section. If you see anything else, you are more than welcome to point it out. 



strengths and Limitations of Dusl=Pol
Tornadic Debris Detectioh®
v v

» Strengths » 3 =
— Indicates a tornadc z‘, -\ 1at it is doing damage

— Allows for specific: V ess of the location of

the tornado and to suant to standard radar
location errors)

e Limitations v

— Not a predictor of a tornado!!!

| — Must be close range
}3,', — Tornado must hit something to produce a signature

— Maximum Dependable Range 60okm (strong tornadoes

’ i!%qi further)
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Dual Pol — Updraft Detitti

* “ZDR columns”:
regions of liquid

positive ZDR)
found above the
environmental

; %OOC height




Updraft Detect

ZDR Column off of KVNX o _
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Presenter
Presentation Notes
I did raw ZDR at first so people can see it. I smoothed it later for easier pin pointing. Here you are just talking about updraft columns. I also place the height at which the slice was taken in the corner. 


Updraft Detect
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In this slice, not only can you see an updraft column but also

the debris ball aloft.
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Presentation Notes
Smooth ZDR, Here you are just talking about updraft columns. I also place the height at which the slice was taken in the corner. This one is neat cause of the debris ball being lofted. The debris ball was measured at 30,000ft.  Look at the BWER Neat! 



Updraft

ZDR Column off of KVNX 05

DEZ

" NN
S L | W

Taloga

e ¢combination of low CC and high ZD
UhElp pin point the updraft columns:



Presenter
Presentation Notes
Smooth ZDR, Here you are just talking about updraft columns. I also place the height at which the slice was taken in the corner. 
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Presenter
Presentation Notes
Smooth ZDR, Here you are just talking about updraft columns. I also place the height at which the slice was taken in the corner. There appears to be another column just north of Okeene (I think?) 





Dual Pol = Winter W@@ﬁﬁrﬁf

* The use of the new dual-pol variables willHik
identify between frozen and liquid hydrometeors _
They will also help identify areas of homogeneous and

non-homogeneous hydrometeors.
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Presenter
Presentation Notes
During the transition period of rain to snow at the ground, the CC can help a forecaster better locate where the transition from rain to snow is occurring.  It is simply the manifestation of the melting layer signature near the ground.  Therefore, look for a drop in CC associated with the melting of snow to rain near the surface.  It is highly recommended to overlay surface observations (if available) when trying to identify this feature and to look at other polarimetric variables (i.e. differential reflectivity (to be discussed later)) to help in delineating rain vs. snow at the ground.  Here is an example from 20 March 2010 at 1407 UTC.  East of the radar we see some strong returns and surface temperatures that are near freezing (32 C).  However, in reflectivity we do not see clear-cut evidence that there is snow, or rain, or a mixture occurring at the ground.  However, if we look at CC, it becomes readily apparent where the transition from rain to snow is occurring.  This transition area is noted by the white line.  East of the white line, CC are between 0.9 and 0.95 where surface temperatures are just above freezing, and METAR data in these areas indicated rain.  To the west of the white line, we see CC of 0.99 where surface temperatures are below freezing.  METAR data in these regions were reporting snow.  Therefore, the white line separating the lower CC from the higher CC is a good indication where the rain/snow line was occurring.  
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Presenter
Presentation Notes
Here is an example where at the surface, rain was occurring east of this white line and snow was occurring west of it.  The reflectivity field shows some subtle differences which might indicate a change from rain to snow, but it is more obvious in the ZDR field.  ZDR values in rain are typically greater than 1 dB, while ZDR values in snow are typically less than 0.5 dB (exceptions in melting/wet snow) .  Keep in mind how far off the ground the radar beam is, and always check surface obs if available to help verify what you are seeing on radar.
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Presentation Notes
Another big advantage of correlation coefficient is identification of the melting layer.  In reflectivity the melting layer is sometimes identifiable as a bright band, but not always.  In this reflectivity example it would be quite a stretch to identify a bright band.  With correlation coefficient, it almost always stands out like a sore thumb.  It is characterized by a ring of low correlation coefficient (~0.85) surrounded by higher correlation coefficient (~0.98).  This signature is due to the presence of mixed-phase hydrometeors which decrease CC below 0.95.  
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Dual Pol = Precipitation EStinates

» Provides
expectations of
the rainfall
signatures you

peall  should expect

— Tropical

— Cold rain
PTroCesses

— Possibly mixed
with hail

- cloud Layer
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Presentation Notes
As with many of the applications using dual-pol radar, active knowledge of the near storm environment is crucial.  For heavy rain, this is especially so because it keeps your situational awareness high for what rainfall signatures you might expect when you analyze the radar.  If your local or model sounding looks something like this particular sounding, with very thin CAPE, low LCL, deep warm cloud layer, very high precipitable water, and deep moisture, chances are you should expect to see highly efficient rain production and more of a tropical drop size distribution.  This lesson will give you the tools you need to identify tropical, warm rain process dominated heavy rain.  On the other hand, perhaps you have a loaded gun sounding indicative of severe weather, dominated by cold rain processes, and perhaps even mixed with hail.  This lesson will show you ways to identify those types of heavy rain as well.
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Presenter
Presentation Notes
Remember that legacy precipitation estimation uses the Hybrid Scan Reflectivity as input for a single R(Z) relationship.  For dual-pol precipitation estimation, the Hybrid Scan Hydroclass product is used to assign a rainfall rate relationship. This means the rainfall rate relationship used for a particular location is specific to the dominant hydrometeor type at that location, potentially improving the estimation of rain rate.   Keep the dependency on Hybrid Hydroclass in mind when viewing any of the dual-pol QPE products.  I’ll discuss the Hybrid scan Hydroclass product later in this module, but I wanted to draw this analogy between legacy precip and dual-pol precip estimation. 


Hydro Met Precip

» Strengths: more

accurate
— Rain rate relations specific to
hydromet types

— Lower sensitivity to hail or bright
banding

— Non-met scat don’t contribute to
accum

Limitations
— Misclassification of hydromet types
— No bias applied

Product Type

Instantaneous

Accumulation

Difference

User-
selectable

Product Name
1. Hybrid Hydroclass

2. Digital Precipitation
Rate

3. Digital Accumulation
Array

4. One Hour Accumulation
5. Digital Storm Total

Accumulation

6. Storm Total
Accumulation

7. Digital One Hour
Difference

8. Digital Storm-Total
Difference

9. Digital User-Selectable
Accumulation

| Abbreviation

DAA

OHA
DSA

STA

DOD

DSD

DUA
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Dual-pol Base Data Characte
Heavy Rain: Tropical e

e Fairly high 40 >Z > 55 DR RATE

UCP 21
dBZ MX: 7.344in/hr

* 0.5>7ZDR >3.0dB

e CC>0.98

e KDP > 1.0 deg/km
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Presentation Notes
Let’s start with an examination of heavy rain in a tropical environment.  When I say tropical, I really mean warm rain process dominated convection.  The following dual-pol characteristics are certainly not hard thresholds, but merely guidelines for how heavy tropical rainfall might look.  All these base data values should overlap in order for you to say with a high degree of confidence that heavy rain is occurring.  Reflectivity should be fairly high but not in the realm associated with hail, anywhere from 40 to 55 dBZ.  Because warm rain processes result in very high numbers of smaller rain drops, differential reflectivity will be in the moderate range, somewhere between 0.5 and 3 dB.  Pure rain will have very high correlation coefficient because it’s all one precipitation type, and of roughly the same size. Expect to see 0.98 or 0.99 correlation coefficient values for heavy rain that results from warm rain processes.  Finally, KDP should be greater than 1.0 deg/km in order to be heavy rain.  The final image on this slide is of the instantaneous precipitation rate, which can always be examined to give you an idea of how strong the rain rates are.


Dual-pol Base Data Characte
Heavy Rain: Continente

High 50 > Z > 60 dBZ L
2.0>7ZDR >5.0dB M<: 8.293in/hr
CC > 0.96

KDP > 1.0 deg/km
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Presenter
Presentation Notes
Let’s look at continental heavy rain signatures, and when I say continental, I really mean a mixture of cold and warm rain processes that lead to the production of heavy rainfall, normally associated with deep, moist, and often severe convection.   With this type of heavy rain, reflectivity values will be slightly larger than the tropical case because the drops are larger, say somewhere between 50 and 60 dBZ.  We’ll focus on these two ovals that have 50-60 dBZ echoes.  Because the drops are larger than for tropical rainfall, ZDR will also be larger in this case.  Expected values will be between 2 and 5 dB.  In this example, values are roughtly 4 to 5 dB, indicating large drops.  With reflectivity values in the 50 to 60 dBZ range, we need to be on the lookout for hail contamination, and the best way to rule out hail is check the CC.  If CC is greater than 0.96, you can say with high confidence that the high reflectivity is due to rain.  In these ovals only a handful of gates are around 0.95.  The vast majority are very high indicating pure rain.  Lastly, check KDP.  Since the drops are large and need to be in moderate to high concentration for it to be heavy rain, KDP needs to be high (greater than 1.0 deg/km), and the greater above 1.0 deg/km, the heavier the rain.  One note of caution in these scenarios is to, beware of light precipitation masking itself as heavy precipitation.  There will be situations where Z will be 30 to 45 dBZ, ZDR greater than 5 dB and CC around 0.98 which might make you think heavy rain.  However, KDP will be low indicating these are large drops in low concentration leading to minimal rain rates.  To verify that our analysis was on the right track, indeed the highest rain rates are inside those 2 white ovals.


warning dec1510n operators confidence in hail
size and location, tornadic debris, prec1p1tat10n
estimates, rain/snow line, updraft column etc.

* Forecasters should try to incorporate but not rely

solely on the dual-pol products, as there are still
errors in some of the data.

. There is still more to learn and discover about
A ;‘Hual pol, as more radars come online.
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Presentation Notes
Feel free to edit this. 
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National Weather Service

Stephanie Dunten

Stephanie.Dunten@noaa.gov
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Presentation Notes
Feel free to edit this. 
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