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Low level convergence zone and
storm initiation

 Byers and Braham (1949): First
noted

 Purdom (1982): Satellite

 Wilson and Carbone (1984):.
Proposed using sensitive Doppler
radar

Radar Clear echoes:

o Atlas (1960): refractive index
gradients

 Wilson et al.(1994): insects




Low level convergence zone and

storm initiation

 There is strong evidence that
the location of convection
initiation is deterministic.

e They found 80% of
thunderstorms in the area were
initiated close to boundary
layer convergence zones.

(Wilson and Schreiber 1986)

Shading:
Cases were classified as being boundary initiated
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2.Main Tool: S-Pol Radar(NCA

¢ NSF funded

¢ S-band dual polarization Doppler radar
e Highly mobile (fits in 6 sea containers)
e Antenna diameter 8.5 m

e Beam width 0.91 deg

e Range resolution 150 m

*Wavelength 10 cm

Strong point:

1.Sensitivity

2.Adopt CMD Filter, using fuzzy logic
to remove most ground clutter

Horizontal Polarization Vertical Polarization

Scanning types:

Terry Schuur




Survey tool: S-pol enhanced echo graphs
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3. Mesoscale boundaries and
storm initiation



Onshore and offshore boundaries during the clear day

®\\eak echo line form near and ®\Weak echo line form near and
parallel to the shore. parallel to the shore.
®Form in the morning. »7a ®FOrm at nighttime. o

®Form on land and move onshore.

®\When precipitation echo(>30 dBZ2)
propagated to the shore, then the
weak echo line form—=>Unknown overland
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Storm outflow boundaries vs convergence line over hill

Field DBZ Time 0526 170811 LST Elevation 1.47° Field DBZ Time 0608 175320 LST Elevation 1.07°
®\Weak echo line move away from precipitation echo. ®\Weak echo line form in the hill area.
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Weak echo lines over sea: local vs remote
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®\Weak echo line form in the 50km range, ®\Weak echo line form outside of 50km and 5o
besides the offshore boundaries cases. move in the range.
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Features of Mesoscale Boundaries during SOWMEX/TiMREX

Averaged Storm .
e e  ere a Time of occurrence
Classification Case number lifetime initiation Dav : Night
(hh:mm) in % y:Nig
lOnshore boundaries 26 04:30 38 day
|0ffshore boundaries 7 02:02 0 night
torm outflow 24 01:45 75 18:6
Boundaries
I\I\./eak echo lines over 9 02:52 28 ey
hill
. 12:13
Zzz?rt;c:toelmes over 27 04:15 85 (2 cases across
both night to day)
\Weak echo lines over 23 03:05 48 1:22
sea-local
Unknown overland 30 01:55 30 23:7
Total 146 02:52 54 89:57




Composite sounding at 08:00 for Yes v.s. No

45750 SEF trigger u-Win dp rafile(m/s)

Specific Humidity(g/kg)

46750 SBF tngger wYiind profle(mfs)

storm |n|t|at|on related to onshore boundaries

Red: Storm Initiation

BIue No Storm Initiation

T
200+ | RO e o Rt B e o‘
300 . — : ;
300 H _Tngger .......... .......... .............
e 11 Trigy Y | :
400 00k ........ TP S ....... P ..............
g a00 - E 500k - ........................... ..... .......
= ks 2 ;
£ G0t @ : E 5
g Z BOO oo -------------- S A S § ---------
o L o = : 3 X Z
700 o ook ................. .........
800 | ook ............. ......... .........
500 - ook ............................................ Ly
1000 ¢ i [ ] i h i i 1 i .
ook B S
-10 -8 B -4 -2 ] 2 4 B g 10 A0 - F ~ n 5 = P i
46750 SBF trigger g profile (o/ka) 46750 SBF trigger Theta ThetaE profile (K
T T T T T T T T T T T
200 | =——Trigger [ e o] 200 H == Trigger-Theta  |--oecooio it
— 0n-TrHYger S e | Trigger-ThetaE
B R s e R e e e R ................. 300 || = ronTrigger-Theta |00 gl
tinonTrigger-ThetaE
AOT T s nitsmsmnussaen i e s B s sm s s ................. [ ] T T . S
E 500 F E B T st e s s s BT e st s gas B s Ssepsiusssn o
= : =
S BO00F ! S BODi s e nedtsnee o e o v
o e o
[ ;] ]
@ : =
o ook O ook
aoo b goo s gy an
oo0 F op: s gl s e s TR E R e R
1000 F | IR L s e R e e e B e T
10 5 20 25

230 SDD 31 ] 320 330 340 350 360 3?0 380

Theta, Thetag(" K)




4000

{3500

= {3000

2500

fo e 2000

23

First echo of storm initiation
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1.Boundary goes into mountain.

2. Boundary trigger storm when coming.

(instability— front system)

; 3.After boundary make a con. line.

' % | 4. Boundary collide hill stationary line, stay the

It seems the location of storm initiations related SBFs re



4. 2008/6/20 case study-
storm initiation

= 20087 6420 14:25



06/20 synoptlc environment
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SoOWMERTIMREX Radar and Sounding sites & Automated Stations
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S-POL station surface data(per 10 sec.)
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Field DBZ Time 0620 123819 LST Elevation 1.08°
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12:53 LST
reflectivity
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13:30 LST
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Surface station 20080620--12:00 data

Surface station 20080620--13:00 data
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Pictures v.s
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conclusions

e Storm outflow boundaries, weak echo line over hill and weak
echo line oversea(remote) are highly related to storm
initiation.

 The storm initiation or not with sea breeze front is also
studied using Pingtung composite sounding. It is found that

the atmosphere has higher humidity below 550 hpa with
storm initiation.

e From 6/20 case study, SBF provide moisture air for PBL, but
no storm initiation until the mesoscale boundaries and terrain
interaction. After sea-breeze fronts pass, there is a
convergence line to form weak echo line and help storm
initiation.



Thanks for your attention!



Mesoscale boundaries

e Smaller scale air mass boundaries that are mesoscale
even in the along-front dimension.

* |n contrast to synoptic front, the formation of these
mesoscale air mass boundaries, does not require
geostrophic deformation acting on a preexisting
density gradient.

e Mesoscale boundaries have a variety of origins. They
most commonly arise from horizontally differential
latent heating/cooling or the differiental
heating/cooling of the earth’s surface.

(cited from Markowski and Richardson 2010)



1.1 Mesoscale boundaries

e Definition: all well-defined boundaries are solenoidally-forced
(Markowski and Richardson)

e Convection Initiation with mesoscale boundary layer forcing
mechanisms (Jorgenson and Weckwerth 2003) :

12 August 1991
'GUSt fro nts ~ Cloud Develgpmem along the

"N\ Sea-Breeze Front During an
-Sea-breeze fronts i~ onshorsFiow Fegine
-Drylines >
-Horizontal Convective Rolls
-Orographic and topographic effects

-Boundary intersection

Fic. 8. Schematic diagram showing the interaction between the sea-breeze front and HCRs and how it relates to cloud devel-

opment on 12 August 1991. The sea-breeze front is delineated by the heavy, barbed line. The head circulation is lightly shaded.
The horizontal vorticity vectors associated with the counterrotating roll circulations are shown. Clouds along the HCRs and at the
intersection points along the front are shaded gray. The shear vector (solid, 2D arrow) and low-level winds {white, 2D arrow) are
also shown



a simple threshold of pi(0) < 0.6. The polarimetric
properties of birds and insects have been intensively
studied (e.g.. Wilson et al. 1994; Zrnic and Ryzhkov
1998; Zhang et al. 2005). Insects have ratios of horizon-
tal-to-vertical cross sections of @and equivalent
spherical diameters of 10 mm. The differential reflec-

tivity of insects has been observed to remain constant
with viewing angle, whereas the differential reflectivity
with birds varies between -2 and 4 dB at S band. de-
pending on the size of the birds and the viewing angle.
Mie scattering occurs with birds: thus. different values
of Zpr are expected at X and C bands.
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Boundary layer Convergence line identification

Mark the case: Wilson& Schreiber(1986)

e Radar signature of thin line of enhanced reflectivity and/or a line of apparent
convergence flow in Doppler velocity .

e Reflectivity: 1-3km wide line is required to be >10km long and present for a
minimum of 15 min.

 Range: 0-50km from radar; 0.7 elevation PPl scan.(0~1 km high)
(The depth of convergence lines is usually about 1km)

Classification

 Exam synoptic scale maps, single Doppler radar,
and mesonet stations.

* |n previous studies, convergence lines have attributed to
synoptic scale front, sea breeze front, and gust front.
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