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Abstract—Using the WSR-88D Doppler Weather radar and
the Vaisala lightning detection data, some charactistics (the
spatiotemporal distributions and motion features) 6@
thunderstorms over the Yangtze River Delta (YRD) rgion are
investigated. Local storms tend to be cluster ovetities, isolated
mountains or hills, and water-land borders. Storm ntensifying
centers are found about 10-30 km downwind of the i centers,
while the medium-path storms also show a downwindffect with
a distance of from medium-sized cities and centecf larger cities
about 10 km farther than those of local storms. IrShanghai, sea-
breeze front is found to be more important for locé
thunderstorm initiation and development than the utban heat
island effect. Vertical structure of storm cell and lightning
activity during the evolutionary stages of severaltypes of
thunderstorms are also analyzed, and a basic condel model
of thunderstorm evolution is given. The mechanismsof
thunderstorm initiation and evolution are discussedor the YRD
region.

Keywords—thunderstorm; lightning; initiation and edution;
urban heat island; sea-breeze front

l. INTRODUCTION

The Yangtze River Delta (YRD) (Fig.1),
Shanghai City and the adjacent parts of ZhejiamyiRce and
Jiangsu Province, is washed by the East China cHeeteast
and Hangzhou Bay to the south. North of the dékkavtangtze
River pours into the East China Sea. The YRD atsmipies a
central location along China’s coastline. Exceptddew hills
lying in the southwest corner, most parts of thargmai area
are flat and belong to the alluvial plain of thengtze River
Delta. The YRD in the South and west of Zhejiang heany
mountains and hills, like Tianmu Mountain, Huiji Matain,
Siming Mountain, and Tiantai Mountain. In the sodtangsu
Province and Zhejiang Province, there are many nmedized
cities, such as Changzhou, Wuxi, Suzhou,
Shaoxing, and Ningbo. Dotted with many rivers aakes, the
YRD is known for its rich water resources.
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Topography, surface features and the urban heatdisll
play important roles in YRD’s weather. In the YRr
example like Shanghai, receives an average anairdalf of
1,200 mm; nearly 60% of the precipitation comesrduthe
April-September warm season. During July and Selpéem
thunderstorms with lightning strikes, heavy raimil hand
damaging winds (squalls) become frequent. On aeetigre
are 15 rainy days and 8 thunderstorm days per mionthe
warm seasons.

Using the WSR-88D Doppler Weather radar and the
Vaisala lightning detection data, some charactesis{the
spatiotemporal distributions and motion featuresf o
thunderstorms over the Yangtze River Delta regiop a
investigated.
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Fig. 1. Topography of the Yangtze River Delta (http://mhp&lu.com).



A. Radar Derived Products

The Weather Surveillance Radar-1988 Doppler (WSR
88D)’s Storm Cell Identification and Tracking (SGl@roduct
includes some structural information about a selth as echo
top (ET), Vertically Integrated Liquid (VIL), heighof
maximum reflectivity (MRHgt) [Johnson et al., 1998CIT
has been used to identify and track storm cellb withreshold
of maximum reflectivity about 35 dBZ. The ShanghNainhui
WSR-88D SCIT products during 2004 to 2012 are used
selected thunderstorm cases for the Yangtze Rie#tabased
on the criterion that thunderstorm’s VIL reacheskisn? at
least once in a life cycle of cell.

Cell density of thunderstornCgliDen in 100 cell-month
1.km?) was calculated by the unit time (month) and peit u
area (10@n7). Each cell will be counted once each 6 min.
CellDenis defined as:

Cells
ArealTime

DATA

CellDen=
(1)

Where,Cells is the number of thunderstorm cells counted

for the study area.

Vertically Integrated Liquid (VIL) can provide infiamation
about the vertical development (top height andnisitg) of a
thunderstorm [Green and Clark, 1972]. Thereforegaih be
used as an important index for the diagnosis ofrgeweather.

In order to describe the evolution of thunderstoiiil,
difference between two adjacent times is calculétedet the
intensity change of a cell.

L= VILi— Vika 2
where,VIL;andVIL; for time t and time t-1.

B. Lightning Data

Lightning observations have been used for thunderst
climtology and storm severity study for
[Macgorman and Burgess, 1994; Reap and MacGron®&9; 1
Williams et al., 1999; Dai et al.,, 2005]. In thisudy, the
Shanghai Vaisala’s total lightning localization teys provides
total lightning data from 2004-2012. The densityGafuld-to-
Ground (CG) lightning flash CGDen (fl-yri-km?) is also
calculated using the Vaisala lightning detectionwoek of
Shanghai.

C. Automated Weather Station Temperature Analysis

In order to reveal the meso-scale surface temperatu
distribution, 12:00 BJT (Beiding time) automated atter
station (AWS) temperature data over the YRD areamed.
For avoiding the mountain influence on temperatur
distribution and quality control, only those sitégth an
altitude below 120 m are used.

Fig. 2 shows 12:00BJT averaged temperature disioitou
during July and August for the years of 2009 to2M clear
urban heat island (UHI) of Shanghai can be foundhia
metropolitan area of Shanghai and Minhang Distacid
Songjiang District [Shu et al., 2000; Zhang et 2009]. As a
result of water-land effect, surface temperatupgdigt changes

many years

at the northern parts of Baoshan District and Pgdoistrict
along the Yangtze River. Sanders [1999] definedbtergial
temperature gradient classification method for rmmthl
baroclinic zones (moderate intensity for 8 °C /280ktrong to
8 °C /110km). Due to most of local mid-summer thenstbrms
show strong correlation with the UHI effect, seadze fronts,
and some hills in the YRD [Dai et al, 2005], a sed
temperature gradient classification method for yiab
mesoscale phenomena is defined as: 1) moderatesitytdor
2-3 °C /12km (1-2 °C /12km for long-term averagkie@p and
2) strong temperature gradient for 3-6 °C /12km3 (2€
/12km). Blue dots in Fig. 3 cover the similar namial
baroclinic zones that temperature gradient is dve€ /12km
at 12:00 BJT for the mid-summer (July and August).
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Fig. 2. Mean surface temperature (shaded) and zones wittpetature
gradient over 1 °C /12 km (blue dots) at 12:00 BdTautomated weather
stations in the Shanghai area in July and Augushefyears from 2009 to
2012.

lll.  THUNDERSTORMSTATISTICS

A. Classification of Thunderstorms

Thunderstorms are classified based on synopticittond
and their intensity, cell moving distance, anddyfele duration.

a) Synoptic Condition

According to the Yangtze River Delta’s climatold@ai et
al., 2005], four types of thunderstorms are classiby their
influence systems and/or synoptic condition: 1)irdyrthe
Meiyu season (monsoon season); 2) tropical systetrapical
cyclone and easterly waves; 3) mid-summer periatulp and

ugust excluding 1) and 2); 4) others periods edidg 1) to
) from April to September.

Meiyu seasons of the YRD are usually about 20 days

between the late June and early July. The typigabtic
systems over the YRD relate to a persistent statjofiont and
sometime with cyclones. During the mid-summer, YiRD is
occupied by the edge or body of the western Noghiffe
subtropical high, and local thunderstorms freqyerdre



observed. Tropical systems, majorly tropical cyewrand/or
sometimes easterly wavers, occasionally affecRB.

b) Thunderstorm Intensity
VIL is a good indicator of thunderstorm intensitpda

development [Ambum and Wolf, 1997; Greene and Clark

1972]. Here, the strongest VILVILmay in the history of
lifecycle of a thunderstorm is used to categorimentierstorms
into three grades: grade ViLmaxat least 15 kg/é grade Il -
VILr[rn]Zax at least 25 kg/fy and grade Il ¥ILmaxat least 40
kg/rrr.

¢) Thunderstorm Moving Distance

Thunderstorms are also divided into three typesdan
their moving distance from the beginning to end their
lifecycle: local cells (0-30km), mid-distance moyinells (30-
60km) and long distance moving cells (at least 60km

d) Thunderstorm Lifecycle Duration

For finding characteristics of thunderstorm evanfi
thunderstorms are categorized into 3 categorighdyuration
of lifecycle: Category | (48 - 72 minutes), Categbr(78 - 102
minutes), and Category Il (108 - 132 minutes).egaty 0049
(lll) are mainly the pulse or local thunderstornieng-lived
thunderstorms), and Category Il are the mix ofd Hh

B. Thunderstorm Frequency

Lifecycle Moving Distance (VIL=25 kg/n?)
Proportion Mid- :
2%) Local (0{ Distance LO“E'JVI Ig:/Si;ance Al
ok (3'\3?&;1%]) (at least ngm)
All 80.4 16.3 3.3 100.

During the warm season (Apr. to Sep.) of the yéamn
2004-2012 in the YRD, more thunderstorms occurnechid-
summer than other periods, and the monsoon seasied
second. Table | shows most of Grade-l thunderstositis a
VILmaxat least 15kg/fhoccurred in the mid-summer (54.3%)
and the monsoon season (28.2%) or June to AugastthE
Grade-II thunderstorms with\dlLmaxat least 25kg/fh more
(58.3%) were observed in the mid-summer, which shoere
stronger thunderstorms occur in mid-summer and ffewe
tropical systems and other periods. Least of thigtdens both
in Grade | and Il were found in tropical systemcduse
tropical systems less affected the YRD.

On the other hand, local storms frequently occummethe
YRD. For the moving distance of a thunderstorm frima
beginning to end, most (77.9%) of Grade-I thundenss (with
a VILmax at least 15kg/d) were local ones, while the mid-
distance moving cells accounted for 17.5% and thay |
distance moving only 4.6%. The proportion of thealoGrade-
Il thunderstorms slightly increased to 80.4%, atideo tow
types went down to 16.3% and 3.3%. In contrast,ldhger
distance moving Grade | cells’ proportion in trapisystems

Table | and Table Il show thunderstorm frequency inranked first, especially the long distance movimgowith a

Category | (lifecycle about 60 min) with\dLmaxat least 15
kg/n? (Grade 1) and 25 kg/f(Grade Il) in different synoptic
conditions, respectively.

TABLE I. Warm Season (Apr. to Sep.) Thunderstorm (Maximuin=¢1
15kg/n?) frequency by synopitc type during 2004 -2012
Lifecycle Moving Distance (VIL=15 kg/n?)
Proportion Mid- i
2%) Local (0 Dista_nce Lon%/llé))\l/si;znce Al
30km) Moving (at least 60km)
(30-60km)
Monsoon 74.2 21.0 4.8 28.2
Mid-
summer 825 14.0 35 54.3
Tropical
systems 38.5 27.7 33.8 3.6
Others 69.8 225 7.7 17.4
All 77.9 17.5 4.6 100.d
TABLE Il. the same as Table I, except for those Thundersfbtaxsmum
VIL =25kg/n¥)
Lifecycle Moving Distance (VIL=25 kg/n?)
Proportion Mid- i
5%) Local (0 Dista_nce Lon%/llg\l/si;aénce Al
30km) Moving (at least 60km)
(30-60km)
Monsoon 75.0 20.6 4.4 27.1
Mid- 84.9 13.0 2.1 58.3
summer
Tropical 58.6 21.8 19.6 1.1
systems
Others 72.2 21.2 6.6 14.5

biggest proportion of 33.76%, much higher than otiipes of
cells. For stronger (Grade II) long distance movaglls in
tropical systems, local cells increased to 58.6%9d &mng

distance moving cells decreased to 19.6% from 33\8Ath

stronger steering flows by tropical systems, thustdems tend
to move faster than those in other synoptic coorati

IV. SPATIAL DISTRIBUTIONS OFTHUNDERSTORMS

Spatial distributions of thunderstorms over the YRDion
were analyzed using the Vaisala CG lightning fldshsity and
radar-derived thunderstorm cell density.

A. Spatial Distribution of Lightning Density

Fig. 3 shows the Vaisala CG lightning flash den€i§Den

(fl-yri-km?) over the YRD in Jun. — Sep. of the years of
2008 to 2012. There are four higfGDenareas in the YRD.
One of them is in Shanghai, including Jiading Dastr
Baoshan District, the metropolitan area of Shanghad the
northern Pudong New Distric€GDenover these areas were
over 30.0fl-yrt.-km?, and the maximur@GDenat the northern
Shanghai Pudong New District reaching 5Xl¢yri-km?.
Another two high CG density centers are locatediagbo and
the Tianmu Mountains.

In Fig. 4, the CG lightning flash density is ovétlavith the
surface “nonfrontal baroclinic” zones (blue dothptt has a
surface temperature gradient at least 1 °C /12rk@hianghai.
It is obvious that CG lightning is strongly corrteld to the
temperature gradient in the boundary layer. Thenger
surface temperature gradient is, the more CG ligbtflashes
are observed. The low level thermal circulation sesli by
urban heat island and sea-breeze front may trigget



(Changzhou, Wuxi, and Suzhou) close to the Lakdwran
southern Jiangsu Province, some cities (Hangzhbap»8ng,
Shangyu, and Ningbo, etc.) in Zhejiang Provinced an
mountains or/and hills. The mountains and hills #ne
Meishan close to Yixing at the border of Jiangsovifrce and
Zhejiang Province, the Tianmu Mountain northwest to
Hangzhou city, and some mountains close to Ninghoh as
Siming Mountain, the north part of Tiantai Mountaamd the
hill Dapeng (Cities, mountains, lakes, and riveies shown in

82 Fig.1) .

In conclusion, strong and long-lived thunderstorover
the YRD have good correlation with some local tappby
A characteristics. The cell density centers are:ldecto cities,
especially those medium-sized cities; 2) over maiast or
hills, especially those isolated mountains of hiflsd 3) at the
water-land borders. This implies solar radiatiod difference
u of underlying surface features are major causes of

o thunderstorms initiation and development. If it fsevo or
IZ three among these three conditions above at the sane,

0 more probabilities of strong thunderstorms willtistie and
develop. The area between the Yangcheng Lake andh&an
has become the most active thunderstorm in easfesouth
Jiangsu Province due to the urban heat island teffed the
lake-land circulation. The most frequent thundersto
occurrence in the YRD is located in Ningbo wheréoisated
along the Hangzhou Bay and close to the Siming Noorand
Tiantai Mountain. Proper conditions for convection
development can be found in Ningbo, such as sehifegeze
circulation, valley wind circulation and/or terratonvergence,
as well as the urban heat island effect.

intensify vertical motion even if the synoptic fing is absent.
As a result, convection can be triggered by thegsdraits if
proper humidity condition and mid-level instabilitgre
available.
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Fig. 3. Vaisala CG lightning flash densityfl-yr:.-km?) over the Yangtze
River Delta in Jun. — Sep. of the years of 20030b2.
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Fig. 4. CG lightning flash density lower and zones withface temperature
gradient over 1 °C /12 km (blue dots) at 12:00 Bi¥TShanghai in July and
August of the years from 2009 to 2012. S Pa—— -
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B. Spatial Distribution of Thunderstorm Cells

Fig. 5 shows the cell densitg¢éliDen,in cell-montht-kn?)
distribution of the YRD strong and long-lived themstorms
(lifecycle at least 60min and maximum VIL at least kg/nf)
during April to September 2004-2012. This type of Since 80.4% of grade IM(Lmaxat least 25 kg/R) cells
thunderstorms cluster in some places witGedlDen at least  are local storms (moving distance during the litdeyrom the
3.0 cell-montht-kn??, and clearly relate to some large-sized tObeginning to the end no more than 30km), Fig. Bashthe

Fig. 5. Distribution density(in X 100 cell-month-km?) of thunderstorm
cells with a life cycle at least 60 min and the imaxm VIL at least 25 kg/fh
during the months from April to September in 2002012.

medium-sized cities, such as the Shanghai mettapoind
Shanghai's districts (the northern Minhang Distriahd

northern Pudong New District), some medium-sizetie<i

similar cell density distribution patterns to thosé all
thunderstorms in Fig. 5.



Compared to local storms (Fig. 6), those mediuntadie
moving thunderstorms (Fig. 7) tend to be closedmes land-
water borders. Only fewer high cell density centelate to
cities (Shanghai and Ningbo). It implies that tlosv [level
horizontal temperature gradient and correspondiimgl \shear
or convergence zones along the land-water bordersuétable
for maintenance and/or intensification of the mistahce
moving thunderstorms.
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Fig. 6. the same as Fig. 5, but for those thunderstornis avibtal path less
than 30km.
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Fig. 7. the same as Fig. 5, but for those thunderstormk witotal path
between 30 and 60 km.

severe thunderstorms are found to have a tendencyove
right.
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Fig. 8. the same as Fig. 5, but for those thunderstornis avibtal path least
than 60km (yellow arrows illustrate some mean nmfatterns of the storms).

V. THUNDERSTORMINITIATION AND EVOLUTION

A. Thunderstorm Source

Thunderstorms are clustered in different types eater
systems under proper synoptic scale forcing. Howeeeal
thunderstorms can also develop under non-synoptaies
forcing environment when the static instability @aough to
provide updrafts. In this situation, some m@sseale and/or
even mesa-scale systems play an important role in convection
initiation and development. These meso-scale systgsually
form in the boundary layer.

During the mid-summer in the YRD controlled by a
subtropical high, surface temperature gradient [dpgedue to
the radiation difference at different surface préps, such as
the urban heat island and land-water borders. Ruoagghof
topography or hills/mountains can generate convexgeones
or upsloping updrafts. Therefore, thunderstorms aften
triggered by low level updrafts associated with ke level
meso-scale systems that are strongly correlatebetsurface
properties. By comparing the averaged distributioh
thunderstorm with topographic factors for a longiqut the
effect of these factors on thunderstorm initiati@velopment
can be revealed.

For investigating the “source” of thunderstorm, fingt two
cells’ locations / footprints are selected for #ndisunderstorms
with a VILmaxat least 25 kg/fand lifecycle duration at least
60 min in Fig. 10. Obviously, the first two cellsr (‘sources”)
concentrate to smaller areas than all lifecycléscghown in

Long path thunderstorms concentrate in several mMmajdrig. 5. Thunderstorm sources are highly correlatedome

corridors under certain synoptic situations. Maghtrmoving

medium-sized cities (yellow circles in Fig. 9), buas Ningbo,

storms are found under southwest flow, while a &igh Hangzhou, Shaoxing, Suzhou, Wuxi, and Changzhowe Th

proportion of left-moving storms than right-movingre
observed under northwest flow. Long life cycle dmag path

urban heat island effect of the cities plays andrtgnt role in
triggering convection. On the other hand, thesesiire close



to large water bodies, such as the Taihu Lake dm t significantly thunderstorm intensifying area wasirfd at the

Hangzhou Bay, revealing that the temperature gnaditong
land-water border may intensify the local circuatiwith the
UHI. Some other thunderstorm sources are locatesoate
isolated mountains or hills (red circles in Fig, 8)ich as the
Siming Mountain, the Tianmu Mountain, and the Maish
Mountain.
negative heat fluxes in the upper part of the cotive core
over the isolated mountains.
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Fig. 9. Cell Density distribution of the first two cells dfie thudnerstorms
over the Yangtze Rive Delta (upper) and the GooBRrth satellite
topography image (lower). Red circles depict momstayellow for cities,
and red dotted-curves for land-water borders.

B. Intensity Change of Thunderstorm

Using accumulated/VIL; (maximum VIL change between

two radar scans), some intensity change centershenen in
Fig. 10 for local storms (upper) and medium-diseantoving
storms. Local thunderstorms tend to be slightlykeeing over
the urban areas of some medium-sized cities, wétitem
intensifying centers are found at about 10-30 kwrdeind of
these city centers (Fig. 10 upper). The strengttgerand

weakening mechanisms relate to the underlying serfa

features. In the northern Baoshan District of Shanga

junction of the Yangtze River and the city. Aloing tYangtze
River, there are a series of harbors that may camsdler heat
islands to thunderstorm imitation, development, and
maintenance. Therefore, more intensifying stormsevieund
than weakening ones in this area. Similarly, thusidems

Raymond and Wilkening [1980] found largetended to intensify in Ningbo Zhenhai and BeilumtPo
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Fig. 10.Distribution of accumulated VIL change between tadar scans (in
kg/n?) of the thunderstorms with a life cycle at lea@trin, total path about
0-30 km (upper) and 30-60 km (lower), and the maxmVIL at least
25kg/nt during the months from April to September in 20642012 in the
Yangtze River Delta.
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Significantly, the intensifying area of the mediaistance
moving storms also shows a downwind effect withissatice
of 20-40km from medium-sized cities and centerdanfer
cities, while significant weakening areas are ledatver water
body downwind of land (Fig. 10 lower). Long-distenmoving
thunderstorms usually intensified in two kinds ofas: in the
land areas downwind of large water bodies, and ¢eeain
with a windward slope (figures not given). Urbarieet on
precipitation and convection has been widely stlidénd



similar results were found in other cities [Huffda@hangnon,
1972; Changnon, 1976; Dixon and Mote, 2003; Cheanl.et
2007] .

Fig. 11 compares the intensity change distributbrihe
local thunderstorms to the surface temperature igmad
Thunderstorms tend to intensify along the land-wékerder
along the Yangtze River in the Baoshan District duthe sea-
breeze front and the urban heat island from tharudreas of
Shanghai south to Banshan. It is interesting ¢vah though
there is high surface temperature gradient and nhocel
thunderstorms over the urban area of Shanghai @ighan
surrounding areas, fewer thunderstorms are intgngifhere
than Baoshan District. This reveals that sea-brdexd@ is
more important than urban heat island effect focalo
thunderstorm in the intensifying phases (initiaticand
development) in Shanghai.
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Fig. 11.Accumulation of /IL; and zones with surface temperature gradient

over 1 °C /12 km (blue dots) at 12:00 BJT for Stengn July and August of
the years from 2009 to 2012.

VI.  TEMPORALDISTRIBUTIONS OFTHUNDERSTORMS

. Diunral Characteristics of Thunderstorm Sturcture
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Fig. 12.Diurnal frequency distributions of storm cell (withmaximum VIL
=15kg/nt) under four types of synoptic situation over theanytze River
Delta region in the months of Apr. to Sep. duri®§2 to 2012.

Fig. 12 shows the diurnal distributions of thuntiems cell
frequency in different synoptic types. Thunders®rmpeak in
the afternoon in midsummer and tropical systemslewthey

show a bimodal diurnal distribution during monscsgason
and the others.

Midsummer thunderstorms with ®ILmax of 15kg/n?
(grade 1) show the tallest and strongest vertidalicture,
followed by Meiyu season thunderstorms, and thosdn w
tropical weather systems the lowest, by compatiegetho top
and the core height (the height of the cell maxinraftectivity
-MRHGT) in Fig. 13. However, stronger thunderstori@sade
Il and Grade Ill) show less differences in stormucture
among the various seasons (figures not given).
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Fig. 13.Diurnal distributions of averaged (upper) storm,tapd (lower) max
reflectivity height (MRHGT) for cell with a maximuIL =15kg/nt under

different synoptic conitditons over the Yangtze &i\Delta region 2004 to
2012.

B. Structure and Lightning Characteristics in Lifeaycl

Thunderstorm evolution in its lifecycle has beendsd
using radar and lightning data [Toracinta et @96, Chin and
Wilhelmson, 1998; Wakimoto et al., 1998; Careylet2003;
Bunkers et al., 2006;]. Radar products and liglgninoducts
are compared in 6-min intervals during the lifeleyd=ig. 14
shows some averaged structural parameters (su¢hiLa&T,
MRHGT, and height difference of base and maximum
reflectivity -DBMR, etc.) and lightning flashes fothe
thunderstorms withViLmax at least 25kg/fhand lifecycle
about 60 min. In the initiation stage of a thunttars, its core
center is first observed in the mid-level. Then tibge and core
climb as the updraft intensifies, while the basscdeds as
precipitation forms in the mid-level. When the therstorm
develops to a certain extent, the core center ¢drbfted by
the updrafts even if the updrafts are still stroige core
reaches its maximum height, while the top and kafsthe
storm continue to rise and descend respectivelye Th
strengthening of the updrafts also causes a biiistra-cloud
(IC) lightning activity and relatively small amowsnof cloud-



to-ground (CG) lightning. With the mass of hydroews
(water droplets, hail, graupel, etc.) increasitg tore center
begins a downward trend, but the storm top malctittinue
to raise with the upward motion and thunderstornigtite
increases. When the thunderstorm enters the oltlateage,
the IC lightning flash rate reaches its peak amdsttorm core
center with big rain drops and hail balls decliregsidly. After
that, updrafts weaken and downdrafts intensify, dd
lightning begin to weaken and CG lightning increase
significantly since large amounts of charged watemps and
hail descend. The decaying storm shows a fast desaetop
and core center very close to ground. CG flashek pad a
higher positive CG ratio follows. At last, the thlamstorm
dissipates. Fig. 15 presents a basic conceptualeimofi
thunderstorm evolution based on storm life cyclalyses
above.

Storm Life Cycle (48 - 72min)

becdNLtg &iNCG == VIL ====DBMR =$—10ET -=—10HMR

30 120

1 100

N
o

1 80

=
w

1 60

DBMR VIL
=
1)

40

5 120

25{
[
|
|
[

10ET 10HMR NLtg NCG

)

o

o

18

36

Time (min)

Fig. 14.Time series of some averaged structure paramefdrs\IL,HMR.)
and averaged total lightning flashes (NLtg) for tfears of 2004-2008 and
averaged cloud-to-ground lightning flashes (NCG)tfie years of 2008-2012,
for those thunderstorms (VE:25kg/nf) with a life cycle about 60 min.

Thunderstorm Life Cycle Conceptual Model

DBMR

Time

Fig. 15.Conceptual model of a thunderstorm’s life cyclehvifie evolution of

the echo top (ET), vertically integrated liquid Y| height difference of base
and maximum reflectivity (DBMR), intra-cloud (ICightning flash rate, and
cloud-to-ground (CG) lightning flash rate.

VII. CONCLUSIONS

Using the WSR-88D Doppler Weather radar and the

Vaisala lightning detection data, some charactesis{the
spatiotemporal  distributions and motion
thunderstorms over the Yangtze River Delta (YRRQjior are
investigated. Vertical structure of storm cell alightning

featuresf o

activity during the evolutionary stages of sevetgbtes of
thunderstorms are also analyzed, and a basic coratepodel
of thunderstorm evolution is built up.

In the YRD region, most of thunderstorms, espéscial
those local storms, are close to some medium-siiteks,
mountains or hills (especially those isolated), avater-land
borders. This implies solar radiation and diffeeenof
underlying surface features are major causes
thunderstorms. The medium path thunderstorms tenHe
close to the borders of land and water, while theglpath
thunderstorms concentrate in several major cosidander
certain synoptic situations. Thunderstorms peak tfme
afternoon in midsummer while thunderstorms shovinzotal
diurnal distribution during monsoon season. Midswenm
thunderstorms show the tallest and strongest etdicucture,
followed by Meiyu season thunderstorms, and thosgh w
tropical weather systems the lowest. However, sever
thunderstorms show less difference among the vageasons.
Local thunderstorms’ initiation is often associateith an
urban heat island, valley circulation, and landexaisea or
lake) circulation, mostly at 12-18 (LST) for theosth and
medium-path thunderstorms.

of

Local storms tend to intensify and weaken in thmesa
areas, such as cities, isolated mountains or hifid,water-land
borders. Storm intensifying centers are found ai®80 km
downwind of the city centers. The strengthening and
weakening mechanisms are related to the underlsinface
features. Significantly, the strengthening areaneflium-path
storms also shows a downwind effect with a distamic20-
40km from medium-sized cities and centers of largjées,
while significant weakening areas are located ovaer body
downwind of land. Long-path thunderstorms usually
intensified in two kinds of areas: in the land ardawnwind of
large water bodies, and over terrain with a windirsope.

Evolutional characteristics in the lifecycle of fdifent
thunderstorms is analyzed using vertical structdirgtorm cell
and lightning flashes, and a basic conceptual maunfel
thunderstorm evolution is given.
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