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Conceptual model of severe convective weather

Abstract

Fifty cases of severe convective weather in the
Netherlands have baen azrvsly sed. Avcording 1o the
circulation type they can be classi ?wd infive classes
Accordingly five conceptual modals of severe convectiv
weather are presented including average ciroulation | ;»e..

average valug of sur aw gm‘?m jal w»:;*ba,, s tem Quatw*
() 1 ang stability o _ '
te causes and conditions for its in‘i);;?“i‘&%!‘
tual models can ke used 83 a basis Dr forecast
tor understanding severs convective weather,
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i. introduction
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propagating mesoscale convective systems . Dang
Rendging ami f)t?a rs {19582 ‘;a@i e Sﬂ‘\fugif concepiuag!l
“mdeu for forecasting mesoscale convective weather over

8 {“mﬁg fang Deia. These studies are very useful and
very important in this fieid,
In order 1o understand and ? ecast convective weather in
the Netherlands, a %y;zi%”a %zzafys s oof the cause and
conditions of sow and the development of a conceptual
model is highly needed. In if s paper, conceptual models of
sew in the Net h@r;and including s cause and conditions
are presented. Thesa models arv s md on an anabysia of
50 cases {1925 - 19823, combinad with other cases. Thess
oon C@Qiﬁdi models a?zow the oire wiazéan background and
the processes causing severe cenvective weather, Hums
out i?wai the causes and con dmfzm of sow in different
circulation types are very different. For example, in a Tsw
urc fation (the Netherdands is ahmd of an uppsr air troy i(;;?}

south-west fiow aloft ;, the air mass is very warm and mois
the.a air stratification s very unstable an o the buoyancy s
very strong, o the %{f@f g’wi"unvaat e weather, such as
iprnado, heavy 1ain or often happenad in this type,
The av «-.(ag@ value csf surface gw tential wetbulb lemperature
(B, is 19.2 *C, the stability parameter (AT) 8 3770 Butin
the usm vortex type, the temperature i quite low, becauss
it is in the coid air mass. The air is not very unstable and the
buovanoy is not so strong, so only one small tornado was
ohserved in this type. Big showers and big hail can cceur in
this type however. The average value of (@) is 12.9°C and
AT is 0.8°C, considerabl ¥ lower t mn the value in Tew type,
All filfty cases signed to five diferent circulation
types, For every type the ¢ § conditions for sow
are identified, Th aﬁ&éyﬁm shows the (,20%3 relationship
between the value of 3 AT and circulalion tvpe,

Thig study adds m previous ressarch wwi

Section 2 of this paper deals with the data and the
method. Itexplans how the 50 cases us‘ \,im%g convectve
weather were selected and how these 50 cases can be
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ii. Data and method

The “}ah umrf i this studdy coms from the 5arNe SoUrce
as that us it ihe author's oo ;
clim dz:siczg}y of wnwx"féve‘ 14
{1283} Fromthe B0 ¢
cases are identical T
bacause the wonva"z
M?NW{* NEW Ca5ES are

oourred on June 5, 10
ijt‘: angs 1o the {“w %yf"si:e
happenead
August 17, 1997
darmage, ane pe
injurad. The «

o, several pe

WY §\;§Jg G et

The &1 caszes of sever convective waai%‘ ar wears selected

according © any of the iollowing

1. Tomado 2 F {(Fuita-clagsifics
killed,

2. Big hail, size = no. fiw;( chameter of the hait 2 21 mm. ).

3. Heavy showers, the rainfall 2 28 mmdhour or &= 80 mamy/
day.

or penple being

The circulation types corespon
can be classitied in the following five

. Upper air traugh south-west flow aloft (Tsw).
2. Upper air joi streak (Jel).

3. North part of cold vortex {Cvn)

4. Shear line (&h

5 Cold vortes (T,

Table 1 shows the relationship between circulalion type
and several types of convective weather. This table should
be read as follows. In the secand column the oial numa er
of cases for each circulation type is shown, For example,
out of 50 cases 31 were Tsw. In the following colurmns the
total number and percentage of several types of convective
weather are presanted. Information s not always available
f@f all cases. For example, for only 28 out of 31 Taw cases,

115 known w?wth@r or not hail occurred. For only 17 of these
ases the hail size is known, Percen

oE ges are calculated
only # the msmbm of cases is sufficiently large (= 6} for the
p reentage o have signficance. Gtherwise ur!; the ratio is

The ollowing observations can be made from this table:

1. A different circulation type usus %iy me sleisle R le
different weather. Most tormadoes ocourred in Tew ’{vp@
Arnong a total of 31 Taw cases | H tfzrfzwiduw appenead;
50 the probability of formado in m;z; type is 35 pereent.
But in mfd yortex &, the probabibity for tomads is only
8 peres : 3 :“?;{3' "§ tomadoes, big hail
and ?c”zvy rain gz 50 L%if Sale Taw type.

2. Big showers or heavy rain hapw“efj irn &l and Tew type.

3. Most severs convective weather phenomena, such as
hail, hig s ower and lightning strik ike often ocourred
togather angd the prebability is very high. 8o, each of
these five uzf uiaim( ypes can lsad o many kinds of

convective weather.
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It order 1o develop a conceptual model of strong
convective weather, we computed the upper ar and
surface ciroulation type for each cass and payd alie L
the circulation aysterrm which miuwd convacive we
Secondly, the surface [ tial rernperature {(%’}M}
and stability parameter (A7) are ca ;N(J;@f;

The records of @, and AT during the pariod 1845 - 1865
were from KNMI's series of records *Thunderstorms and
Optical Phenomena’. 43 a third slep, we analysed every
one of these 50 cases to find out the causes and condition
of convective weathaer. On this basis we developsd
conceptual modeals including the cause and conditions.
Finally, these con wmd maodels wers ested on ather
mi@p@ndem cases. This testing procedure led 1o final
oorrectons and i ; rovemants
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iil. Conceptual model

4. Average circulation type

Figure 110 figure 5 show the average upper air
cireulation and surface weather sifuation for each ciroulahon
type raspectively. The time of the upper-air maps is 3-4
hours prior (o the ccourance of convective \H@&%it@

Each figure BXPIESSOs a very clear image, Le. which kind of
background of ciroulation type and which kiné:é of surface
system could cause strong convective weather,

1.1 Tsw
fa iy f e upper airtrough accempanied by vary strong
cold air is situated above the British Isles. The Netherlands
is ahead the tough with south-westerly flow aloft. A very
strong cold front is usually located along the coast of
Western Europe. At the surtace, ahead of the cold front, the
remperature i quite high and the airis very humid, When
the cold front passes he Netherlands, it often f“au 85
strong convective wealther, Tsw iype is a common type, 80
percent of the tolal 50 cases.

1.2 Jet
T?w main character of this typei is a very strong ief streak on
he 300 hpa level . The elis aver the Allantic ocean and
W»"es;z@w wrope. The madmum wind speed is more than 50
m,«s sometimes i can reach 75 mys. When the N@t%’zer ands
is under the exit region, Q»pauaiiy umi{}r the left side of the
exit region, the updraft could induce the (}CL,HHQ?"!{‘G’ of
convective weather. Figure 2¢ is adopted from van Delden
{1902} It explains the reason why this circulation may
cause convechive weather. Among the 50 selected cases
thig type cccurred only once, on August 17, 1892 in
Amaland, but actually another tormade case with a very
sirrifar circulation pocurred on August 11, 1972 in Ameland.
That tormado caused 4 casualties and 20 people were
imured on the island.

1.3 Cvn

in this type the Netherlands is located in the north part of a
cold vortex. The east part of the Netherlands is often
warmer than the rest of the country. When the warnm front
passes the Ms"z?m%&r de, it often causes a low level
warming, the a {,@f;ommrz unstable, ss o many kinds of
strong {:{:mmt e weather, heay Y rairt, big hail, even
tornado may happen in this situalion.

1.4 5

In this type, there is a line of directional wind shear in the

LRDer air ak ove the Netherlands. On the surface weather

chartwe ind al mfmm‘ ath the shear line. Strong

f‘Df‘i‘fﬂ‘z’e’;» w8 angd updralts inducs %9\!@?@ orvactive
waaiher, especially heavy rain oflen happens in this type.

‘?.35 Cv
A deep Co Hwn‘ev 5 in the ;Wp@mmmve the
N@{Mzr%a ‘;?w surface weather map also shows 8 law
;) ressure are a. The ternperature s guile ow. Snme’mm #
: el %m the Metherands, if no ool front passes,
: apward moetion causes convestive weather,
Tm value of 8., and AT are much lower than for the other
four types. Bo the circulation type is more important than the
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valus of &, and AT, When the valus of AT » O, it is often
favpuraile for the development of convactive weather,

2 burface polential wetbulb temperature (8} and
Stabifty parameter (AT)

Tabel 2 chows the average valus ol 8, an
iwwm from % atemperature T, dewpoint T, anc
at station level AT i3 the temperature difference between
the saturated adiabat through the cloud base and the cle
air %emp@;‘awa at 500 hpa level AT is positive, the ar is
unstabie which favours the developrment of convective
weather.
Figure Ba and Bb show the relation between slrong
convechve weather and @, AT. From ;h%e QUres some
results can be found. In most cases in Tsw, 31 Cvn, and Jet
the value of &, 15 above 15°C and AT is pus;isvm. In figure
€a the percentage of these cases s 89 peroent, in f&_;z_;;a &b
the pez‘wma@w 493 percent, but the percentage for cold
vortex is only 42 percent, it means that a classification of
circulation *vw is very impaoriant: different circulation types
should be dealt with in different ways. For cold vortex type,
the value of AT is only pasitive. The percentage become 83
percent, the pereentage of the intal cases s 87 percent.
This analysis improves previous results obtained by Feteris
(1862, 1964).

Tabel 2. The average value of @ s and AT per circulation

woather! O gy L0} AT (0 lift system

type

Taw 182 a7 sold front

Jet 18.0 3.0 divergence o upper air
Comvergence al low level

Svn 18.7 3.0 front or shear line

&1 18.8 3.0 warm front

Oy 18.9 0.8 Corvergence or front

G s Surtave potential
AT Stability parameter

wetbull temperature

¥

-
o~
ok
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3 Schematic illustration

3.1 Upper alr rough {Taw)
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i,

AT i positive. i the sea swrlace iomg
than the temperaturs on lan %;% gz .
develop over sea and g;am
tornadoss killed people
HBoth copurred it the same wiu a1
Tha §ift ¢ W‘?az or %w s
or jow pr <¢ %

only waak

Ature is higher

3.3 Morth part of cold vortex {Cwnl.

Figure 915 the synthetical Hlustration. The conditions are

as follows:

.

Qoo

Whier a cold vortex is the south of the Netherlands and a
warm framt s moving (o the N ands from the east,
then the circulation belongs 1o this type.

The value of @, more than ?i&f’C,

AT is positive.

The warm front is the § systern. When i passes, low
iovel becomes much warmer than high level, sothe cw
gets very unsiable, %wp tormadoss happened in this
circulation type.

3.4 Shear line {51}

Figure 10 is the synthetical ilustration of this type. The

conditions are as follows:

&,

There is a shear ling above the Netherlands al two or

‘{h’u, i@vr% {850 hpa, 700 ?‘z;‘;a 500 hpa). This shear line
s different from the one observed in Cviin SHitis usually

bs,tw%n two high presswre &r&:m»

The valus of 8, 1s mare than 15°C.

AT is positive.

Afront or a shear ine on the ground i3 a ift sysiem,

strong convective weather happened along the shsar

fine,

3.5 Cold vortex {Cv)

Figure 111s a f”c::mg;: Jifi‘* piciure of this type, The

conditions are as follow

The central part of a cold vortex is located nearby the

Metherlands. Most cold vortices moy Siuw ¥ OF are gven
stationary, so the convective weather can last for several
oays.

The Cv clirculation type acz g special and very s‘r”mr*‘aﬂ

character. For instance, In the central gzm of a cold
vortex the value of AT g @ga? vi; but still there may be
atrong convective weather,
The value of AT is the second i
sonvactive weal ther dey if“pes: ;ﬁ; mmi
5 posiive, bul it remaing po "ti le gt nz/gdtzw AT values,
The value ol ¢ this type 18 nat very important, most
CCE a5 of convective weather hcapp{\w when 8, was
ess than 15°C, sometimes less than 10°C.

in
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IV. Discussion and Summary 4,
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other types. This study snproves earlisr studies,
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