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Abstract

Sik kinds of convective weather phenomena, Le. thun-
derstonm, tornado, hail, heavy shower, wind gust and light-
ning strike, have been examined 1o compile a synoptic ¢li-
matology of convective weather in the Netheriands by

1. determining a climatology of conveotive weather, and
2. establishing a relationship between convective weather
and ciroulation palier

Extreme values of the different convective weather para-
rmeaters have been established. For example, hoth the m
mal daily rainfall (208 mm) and the maximal hourly rainfall
{72 mm in 45 minutes) were caused by convective weather,
Severe convective weather may infiict considerable dama-
ge and cause casuallies, Information gathered on the loss
of property and life are presented in this report.

For example: over the last 20 vears 32 people were killed
and 151 people were injured by four tormadoes. Lighining
strike inflicted heavy damage; the average reported losses
per year over the period 1961 through 1965 amounted (0. 5
people being killed, 8 people being wounded and more
than M 1.5 foss in money and property. Moreover lightning
initiated almost one hundred fires per vear.

B
(%]

We found the following yesarly oocurrence of sevare
convective weather phenomeana;

Heavy rain {(z 80 mm/day): 1.75 days per year,

Wind gust (2 20 mis): 11 days per year.

Heavy showers (2 10 mm/h) 8.2 days: (2 25 mmijh) 1.8

days per year.

5 Hail size z no.3 {marble size) 15 5 days, 2 no 4 (wal -
nut): 3.8 days per year.

6. Lightning strikes: 853 per year on 54.5 days per year an

averags.

2.64 tornadoes, 2.2 tornadic days on average per year.
> ¥

Bw

Temporal {yearly, monthly and hourly) and spatial va-
riation of convective weather were also investiga-ted.

The relationship between circulation pattern and
convective waather indicates thal most convective weather
ccourred in only three main circulation patterns and five sub
patterns:

1. Upper air rough {T, no 1), including two sub patterns of
South-West flow (Tew, no.1a) and Nort-West How (Tniw,
no. 1) Most patterns wers Tew, and ocourrad in 31
days out of 50 days with strong convective weather.
Very strong convective weather often occurred in this
cattern, e.q. three sirong tormadoes, three days with
heavy rain (2 80 mm/day and > 6 stations) and three
days with big hail stones. All nine fomadoes of this in-
vestigation were found in this pattern. It means thal this
pattern is favorable for tormadic ocourrence. Almost all
high temperature days with convective weather were
also found within this pattern; 14 days with maxirmum
temperature = 30 °C and 8 days with maximum tempe-
rature 2 28 °C.

2. Cold vortex (CV, no.2), including two sub patterns of the
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central part (no.2a) and the north part of the cold vortex
{no.2h) There wers 11 out of 50 days with paltem Za.
Maore hail days were found in this pattern.

Shear ling (51, no.3). This is the least common pattern: it
oty occurred 4 out of 50 days, More days with heg
rain were found in this pattern.




welenschappelijk-rapport

a synoptic climatelogy of convective weather in the Mothoriands

I. Introduction

Convective u,&hw I zrm@r"ma‘ guch as oma
heavy sh ow . ewf >§ i Ur Cié’;‘f&

olten C m
That s s.‘:» m%s 0 ?f § f/’
Meteor %W;i s in the %‘\é@ﬂ”@ : z‘mﬁo fr":mfw Mary
SOMVective
and books deal :va;h iw{ Elele
PEIRTs iy sia of sRit 335\
tornadoes have been analyse
mantioning that KNMI has mi;
and data on thunderstorm, hail, %ig}hrr
1879 through 1965 These books not
ful data but alse many pag hdieg
and statistics of dam ags) cau yther,
From these data and papers mpw?wg oz‘ sonvectve
weather in the N@ihmw mf {my *;f‘ anal yw i
I this paper we 1
cpportunity o incly
SYNOPLC siations wers {‘f'}f”ﬂb m,@é wsif €§ e data ?r 73 Y
lunteer weather reporters mrza‘.air‘az’ng; rauch information on
convective weather in detail.

Unfortunately these data have not been pubilished since
1965,

To complete our data records we added ?‘f* &
data from a Dutch m af;az;m» {Weerspiegel),

r HLRA. Wessels kindly provided %*w data on lormadoes,
The data of heavy rainfall were provided by ¢ f atolo-
gical Division of KNML. The Appendix to this Report reviews
data scurces, pmscxifc and the number of stations m,ed

In order to avoid or minimize damage caused by severe
convective weather, good forecasts are essential,
Forecasting conveclive weather re cures much myowma i
research vvuri/ In particular a synoptic climatology of
convective weather in the Netherlands should be establish-
ed and & fnrera ting method should be (fcvc»iupm

In this paper a surv ey of a synoptic ¢ matclogy o

convective weather in the Netherlands is presanted. It inciu-
des thunderstorm, tornado, hail, heavy shower, heavy rain,
wind gust and lightning strike with their yearly, *w‘;m?“’y and
cﬁaxiyf variation, spatial distribution, intensity variation and the
relationship bum«e&ﬂ convective weather and ciroulation
paltern.

nyyvenrs of
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il. Extreme values and loss

e *?é»} and ther fregus
me intensity are importar
Fromthe re

v
ERAVAS $ 2 S

-y
st 4
\, R

ﬂ<§ xirnal da

Mu,jmi 25

M 350 536

Hoplace between

Duri wg i? i ;")&,? od also | uf’ ﬁ@% f
Theas exirg
heavy showers with th Jﬂ@é&s;s‘sé{;m‘w.

2. Hail

a. The larg cwas 8.3 - 7.5 om diameter {like a
tennisball} on July 11, 1859 in Groningen
Ancther ang measured 6.8 om 1 dismater, found on
Sepiember 8, 1958 in Bennekom.

b The a*geat sm al scales are:
- AL km 80 kmoon July 11 ‘i‘~3‘~
- o 81 btcziﬁ ris on O ?o%;@r 16, 1958
- & third of the Netherfands on M y 28, 1961,

' T?s@brc;osma%% riod of 14 days took place from
aprit 17 - 30, 1965,
3. Tornado

a. ”{hm et serious da”ﬂai}?‘ and casuallies were inflicted

m Sugust 10, 1925 in Borculo: 4 pe ple killed, 200 p

ple wounded, 2000 people homeless and two steeples
deu,f(ify%’f

G An alrcraft encountered a ?Qm;:acﬁﬁ on october &

nearby Moerdik, about 25 km south-south

?“%uriufd s 17 people wers ki Em; whan i

£, Oww 3 b kat“t 50 years the heaviest damage wa
Au}_g‘,,s‘ 23,1850,

d, Ovef he tast 20 yvears {1871-1800) the
an s} Hured people ncreased:

90 injured on August 11, 1972

ober 6, 1981

# ?x'gciy ?/

§ »}uw

i
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4. Lighining sirike

According to the statistics ?ff)m 1961 10 1865 the yvearly
&V@f’ Age 1os f; of life or property is as follows:
a. b people Em and 8 wou d@d

b.oafinancial loss >3‘ mors than 1.5 millon guilders
o, almost 100 fires
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. Temporal and spatial
variation

1. Classification

I this chapter six kinds of convective weather pheno-
mena are considered. thunderstorm, tornado, hall, heavy
shower. wind gust and lighining strike,

2. Temporal and spatial variation

2 1 Thunderstorm
Fig. Ta and 2a show the yearly variation. The average num-
ber of reported thunderstorms per year (1938 - 1965) was
3899, the masdmum was i 1957 and the minimum
was 1874 i 1945 The average number of days with thun-
derstorm was 108 per vear, the maximum was 134 in 19860,
the minimum was 69 days in 1240 From Fig. 1a it i3 obvious
that the information from belore 1066 (KINMI, 1896 - 1985) i
incompatible with the information since 1976 and probably
reflects the difference in number of stations used.
The monthly variation is very obvious from fig. 3a and 4a;
the days with thunderstorm mostly occurred during sum-
mar, June tll August. During this season there were on ave-
rage 47 days with thunderstorm, 43% of the average vearly
number, but in winter, December il February, only 9 days,
% of the vearly number. From April 1l September there
were 81 days with thunderstorm, 75% of the yearly number.
The October tlt March season counted only 27 days on
average, 25% of the yearly tatal. From fig. 5a it is clear that
the daily variation was different from that of other convective
weather phenomena, with a maximum at 20 GMT. From 14
to 23 GMT there was much more thunderstorm activity than
during the rest of the day.

2.2 Tomado

a. Temporal variation

The average number per year {1945 - 1969) was 2.6 oma-
does, the maximum was 6 in 1948, 1950, 1864, The mini-
mum was O no tomadoes were observed in 1945, 1951 and
1958, Fig. 1b shows the yearly variation. These thomadoss
ail caused damage. Fig. 2b shows the number of tornadio
days per year. The average number of tormadic days was
2.2 per year. The maximum was 5 days in 1964, the mini-
mum was Oin 1945, 1951, 1858,

During the last 20 years, the number of the térnadic days is
nearly the same, but the number of killed and injured peop-
le has increased, For example in 25 years {1845 - 1969)
there were only 7 people killed (in 1987), although very
strong tornadoes occcurred 1 1850 and 1887, Acoording 1o
the classification of Fujita these tornadoss belong to F3
causing heavy damage. But in recent 20 years {1971 -
1990} 4 tornadoes kiled 32 people and 151 people were
wounded. These events tell us that all fornadoes can cause
damage, not only the stronger ones.

Figg. 3b and 4b show the yearly variation of the formado num-
ber. The maximum was in August. About 0.7 tormado cccur-
red on average in this month. From June 1o September
there were on average 2.1 lormadoes (79% of the whole
year). There were 1.8 tornadic days in the same months
{(78% of the whole yvear). From fig. 8a (dale of ornadic days)
we find that tornado cccurrences are concenirated

between the first of June and the twentieth of September.
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There wers on average 43 madoes, 768% of the yearly
number, in this peri iod of 112 days.

Figy, B gives the ¢ &;i variation of tormadic rumber, with &
raaimum around QMF fio;, tiornadoes wers olsarved
in the period 8 2; »EMS talel dayéfgh‘f. Almost noe toma-
does were observed t;e::wef:” 22 and 7 GMT.

h
;

#;
¥y
B

b. Spatial distribu
Fig. 8b indicates t M !of:zz% ong where (ome §
the period 1945 - 1069, Concentrated regions ar
and Zuid-Hollan z“i
For :.>C}m(:% tornadoes {2 F3) also their paths are shown, these
sir:mg rnadoes mastly cocurred inland,
When we compare the d Jmi;ut jor af ioer adoes in the pe-
riod 1945-1969 with that of 1882 - aF»ef{éircyen, E.van,
1925}, we tind that in thi @e‘anw ;»nz (:(f fornadoes re z;én’z‘y
aunted Zesland and Friesland and msvm*?\dr* ‘ p&retﬁ he
MNLE. part of Groningen and Dutch Flanders

2.3 Hai

a. Temporal vanation

The ave rage number of hail reports per year {1 C}sb 1965}

was 875 (fig. 1o and 2¢), the maximum was 1418 in 1952,

the minimum was 396 in 1963. The yearly average mumb&;

of days with hail was ?“ﬁﬁ( the maximum was 153 (in 1952},

the minimum was 78 days (in 1963},

The yearly variahion of hail occurrence *‘1“*@;3? ‘om that of
thunderstorm (see ig. 3a, 3c and 4g, 4¢). In winter and
spnng hail occurrad more frequently than in wmmen Thig is

caused by the fact thal temperature in winter and spring i

more favourable for developing soft hail. Generally spe-

aking, soft hall without thunder is not caused by convective
weather however.

Iy order to distinguish non- m\;}vn{"i:vc* hail from convective

hail, we looked at hail accompanied by thundersiorm.

Fig. 7 shows the yearly varation of hail accompanied by

thunderstorm. The average yearly number of days with hail

accompanied by thunderstonm was 63, 55% of all hail days.

Hail with thunder was concentrated in the warmer seasons.

The monthly rmaximum was 9 days in July, the minimum was

2 days in February.

In summer {Juns-August) hatl with thunder ocourred on 24

days on average, whioh 8 37% of the yearly tolal, From May

o September, there were 37 days, 59% of the yearly total,

in the other seven months only 26 dciys 41% of the whole

Year.

Fig. Bc shows the daily variation of hall ccourrence, the

makimum was at 15 GMT, most hail oocoured between 11
19 GMT.

A number of %vmp“c stations show no hall reports at all
i summer. For example in De Bilt or De Kooy, no hall was
reported between June and August (1851 - 1880}, This is
caused by the m that hatl olten is a very local pheno-
menon. Therefore, in order 10 study the spatial and temporal
distribution ot b %éﬁ, Wb} must combing the data from volun-
teer weather reporiers with the dals from synoeptic stations,
Actually most heavy damage caused by hail occurred in
surnmer in the Netherlands,
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ﬁfj 24, f“}fz aver: aw;a‘ :?w;
@29 =3, The maximum was 3. ‘w'
August, there were 9.4 daye, € 1% of the

There wers |
vs it Juby. From Ma
ar's towal From Novem
36 had hall

Y Maj

ot of hall
?m; ma '0 ?u‘} s;i’*oxv i @ yéwr ; w*rs
stations ;
were b1.2 cmya un zw%q» wc??
31.2 days with » 5 stations on
stati-ons, &7 days with = 20

;

2.4 Heavy rain and heavy showers
a. Heavy rain

There were 120 pases
= 80 mm/day (1866 -

by convective Wsmimf - heavy showers with thu z;ﬁen

storms.

Since 40 years more thas G o me

rainfall i the Nat 11cis, ﬁw c than in the ﬁ(} YEATS
S WE B w%észnim“é thw datn ? ror: iﬂsé ;a%: 4

before. 5o for
years, Fig. 1
d

-4 giks "3} i'ﬁ%“? .
o during
3 property. 1 sor, 104
ang huam were k ii&{.é, 5 houses, 34 farms and 20 she
“Wa astroverd

he mm HYM wm of
WaEh L 4 ;7 i of ‘t:\eM
rmrnfday s possible
From the ya}aagiy varmation (fig
hs;;'sx; P TAN OOCUES I sumimer,
a&:“g G4% O H@;@m total, :
between July anc Augu%? 7% of *?w \;<~ .

vere 110 reports from June 1l September,
ty Wotal. in the other eight months only '
ocourrad,

St
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b, Heavy showers
We divide heavy showers into three clas

10 - 24 9 mm of rainfall in one howr
25 - 499 mm of m:nfa Lin one hour
50 rrum rainfall or roore in one hour

@

Fig. 2d shows the accurrence of zmw classes for sac
vear {from 1956 - 1865 at 30 stations in the Netherangds),

The average is 8. ? days per year with ? e dislribution over
clas shown in g, 12

the different

Fig. 4d shows the y»gai’ y distri bution of heavy showers,
The mesdrnum was 2.1 days in July, 6.8 days of heavy
shower oocurred from June to August, 83% of the yearly
total.
Fig. Bd shows the daily variation,

28 Gales and gus

a. {5835’,\4

Fig. 1e shows the reported number of gales in surmmer over
25 years. The standard is the average windscale 2
Beaulort. Although gales cannot be classified as convective
weather, there i certainly a relation *‘%11;3 betwesn the ooour-
rence of gales and corvective weathe

b. Gusts

Gusts, defined here as a sudden violent rush of wind with a

maximum windspeed equal 1o or more than a cerlain prede-

fined windspesd, may be caused by showers, squall lines

or tormadoes, somelimes accompanying thunderstorms,

This kind of strong convective weather often causes da-

mage.

Data were avallable only on gusls accompanying thunder-

storms, so Fiq Ze-be refe Mo this type of gusts only. Two

wsnaﬁspeed criteria were used. The firgt oriterium, referred

in Figs. 2e- 3@ 5 a maximum windspeed equal 1o or more

than 201 “ﬂ/a@u.

Fig. 2e shows the reported number of such gust cases over

10 years. The average number per year was 10.8 days

{1956 - 1965, 20 - 30 stations in the Netherlands). The maxi-
murm was 18 days in 1858, the minimum was 4 days in
1965, From month (o month {Fig. ’%9‘; the maximum wa 2.3

days in Juéy foliowsad by 2.0 days in August. The ca s

from July till August form 40% of the vear's total. Fig. i% &

shows the yearly variation of gusts.

F;g 4e shows the gust days with thunderstorm (1976 -
18903, the criterion is different from fig. Ze and fig. 3. 1118

daefined by the SYNOP ww-code 17 the windspeed sudw

denly ncreases by Br/sec and at the same ime reaches

11 mfwf:\ ar more. Fig. 4e shows that this ocours most fre-

quently in June and May, leas! frequently in Decermber and

Movember,

Fig. 5e shows the daily va rmzw i the guist reports

Gusts were concentrated between 13 and 2 ”" GMT.

2.6 Lightning strike

Lighining strike is delined as lightning atriking :i' e'» ground
and caus m:} damage. Every year this kind of i i
people, ihiwes 8§ people and @au’a% g loas of ? ‘n rrtthion
guilders in the Netherlands. Figs. 1f and 2f show the num-
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bier of reports through the yvears, The zzxfizr;;zggé y%s’%y riiTe-
her was 653, the maximum was 1327 in 1957 the minirmum
was 136 n 1945 The average number of days on wi oh
hghtning a,te“ tke was reported was 54.5 days per year, the
rraximiim was 73 days in 1950, the rminimum was 25 days
in 1941, Fig. 3f and 4t show the yearly variation. The highest
numiber was 210 in July, the masdrmum uumber of d'w) was
104, alsein July, Lighining strike days concentrated i the
SUMMET S8g80n, me tolal was 28.7 days, 53 §% of zm Year
total. There were 45.7 days in the pericd from May o
Septem-ber, B4% umﬁ year, only 16% in the other seven
months, Fig. 5 ¢ A.aws the {‘iai%}f varation of lighining strike
waximum was 110 at 15 GMT. Most lightning

strikes are obhserved in the aﬁe rmoon. Thers were 690 light-
ning strikes, 59% of the whole y@a( in the period from 1210
20 GMT. The minimum was 21 at 1 GMT.

13
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3. Relation between several
kinds of convective weat-her
phenomena

Most convective weather phenomena ocour in nearly the
same conditions. As a result different phenomena often
coingides,

3.1 Heavy shower and hail
Cutof a otal of 82 days with heavy showers (2 10 mmh),

7% was accompanied by hall, Out of io days of very
hieavy showers {2 25 mm/h), 78% was accompanied by hail,

3.2 Tornadoes and others

From the 54 tornadoes during 1946 - 1965, 49 tormadoes
{91%) were accompanied by if‘umdwbéwn 45 nmadoes
{83%) were accompanied by hail omadoes (1127 =
41% ) by heavy shower. Actually ih:ﬁa fast num t“ is g;rom«
bly higher than 41%, because there is no report if the rain-

fall is less than 10 mm/dh.

15
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V. The relationship between
circulation pattern and
convective weather

We have selected 50 cases of strong convective weather
nc:ss“f'n@ tornadoes, hail and big showers vmd we ;\,o%\ezcj EH
the corresponding circulation pattern and weather o
MQ 5t convective weather occurred only in certain cire
patterns and weather systems. Thars were three main
lation patiermns ?ﬁ?‘i(f five %ui‘xmatt&fng; figs. 1310 15 show
these circulation patterns

Bijvost and Schmidt 1958) compiled a climatalogy of the
Netherlands according 1o a classification of the circulation
iyp»&» in Burope (Gross Wetter Lagen: GWL). We tr ad o

classify cases of strong convective weath am,a;ri ng o
f?mw e d‘E on types but found that this systemn does not
reflect very weil the occurrence of convective we sather in the
Netherlands, A new, simple and clear. classitication of oir-
culation types is proposed instead, suitable o Classily
cases of convective *N@athu it consists of three main circu-
im on patterns and fve sub-patterns, as shown in figs, 13-
15 They are defined as biiwvax

1. Upper air trough (T}
This type shows an upper air trough ac mmpan’m by cold
air above England. Two subpatterns m ay be distinguished:
1a Tow
The Netherlands is ahead the upper ai 'zr ough, South
West flow above the Netherlands {Hgs 13a, b
h Trw
Upper air trough is situated above En gland or the
Atlantic Ocean, North West flow above the Netherlands,
{figs. La(,, o}

2 Cold Vortex (Ov)

h%b type shows a cold vortex moving very slowly, or even
stationary, above the Netherlands, A‘ the surface somst-
mes cold fronts exist, sometimes not. but convective weat-
her occurs often continously in this situation.

Again two sub-patterns may be chstiguished:
?fj {{:‘;V‘?V
the Ne’;i‘:@fi;fds is focated in the central or south part of
the cold vortex; {figs. 14a, b)
25 {Cwn)
the Netherlands is located in the North part of the cold
C;riw On the sufface weather map a warm front moves
0 the West, bringing heavy showers or rain 1o the
N@:, therlands {fi Qg\;‘ 14, d).

3.Ghear line (1)
Over the Netherlands there is a shear line of wind
direction in the upper air. Because of the CONVergencs
heavy rain or hail often occurs in this circulation pattern,
{figs. 15a, )

The relationship bmw:uf circulation pattern and
convective weather will be investigated in a second reporn
{Dong, 1993). Here we iﬁiﬁf? marize some first results:

1. Most patterns, related to convective weather, wers
Tow (31 days, ¢ 2%) the Cv patterns came second on
11 days (22%;), and Sl came last on 4 days (8%).

2. Tornadoss often occurred in Tsw patterns,

s
3
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3. The highest temperalures are %mumcﬁ i Taw pattern,
with 14 days with maximum termperature 2 30 °C and 8 days
with madimurn temperature z 28 °C.

4. Vary strong convective weather phenomena often ook
place it Tsw patierns. There wers t wes sirong anmaarioe“,
three cases of heavy rainfall (z 80 mm/day, > 6 statio
angd three big hal cases, all in this pattern. In these ning
days, there were six days with maximum te mperal
z 30 °C, two days with maximum temperature between
28 0 and 30 °C, one day with maximum lemperalurs
hetwesn 26 °C and 28 °C.

5. More hail days cccurred in oold vortex {(Cv) and also in
Tnw pattern. The longest hail days were caused by cold

VOrtex,

8. More heavy rain days coourred in shear line paltern.

sithve weather

Patterr 11,1 1o, 2 0.3

Upper airtrough Cold vorex Shear line
Sub Pattern ndota no b no Za ng. 2o

Sw fiow Nwflow  Cendrpart North part total
JCCLETed 2] g
torrado 29%
Ooourred 14 2 a 1 ! 26
hail 45% 100% 3% 50% 25%
Docurred 2 3 3 15
heavy rain 26% 2¥% 50% 5%
Totad 31 2 11 2 4 5

52% 4% 22% 4% 8% 100%

18
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V.Conclusions

1A ’;Mm&f ynoptio

etherlands is D H

obtain meaningful resulls, we combing

ophic stations with volunieer weather

N sumImer, we cannot fing amy‘ hail
i

stations, but we Keum PER:
August) from voluni
zjw@ﬁ' This s caus

convective wealr ;’.WMu:’Wﬁ 3.

' There are QQVG’Hi sinds of convaotive i sRists!

MNetherlands, that o ‘au se damage:;

- T@)N dd ?e fﬁ‘.f?fa«';@ NS i}u o ? o S was 2 8‘3 ;3;9?

ygw‘
- Heavy rain: {
Mewy h(}«z‘mﬁ?“
days per year.

- Hail ‘:i;f. ceno 3{marble é“ 2omy 1B ud%
mwl (\A» si ”6~ ”5.“f fm} ays n cach y

3. The resulfs in this paper are uselul for understanding
corvective weather in the Netherlands, For instance from
the relationship between the circulation pattern and
comf@omc weather we can primarily judge whether the we-
ather will be conveclive o7 not.

4. dn order 1o avoid or decrease loss, we must pay much
attention o strong conveotive weather.

The Tornado and Storm Research Organisation (TORRO)
of the UK held the first conference on & irmaqea-on 24
June 1985 and issued a Statement. This has value for *h@
Netherlands because this country has a comparabie

maie.

The Statement reads as follows:

“This confersnce therslore closes with a statemaent from
TORRO imended for national and buropean agencies con-
cerned with weather and public safsty-
ttis formally urged that responsible authorities should

1 re0 ug{‘. g ¢
i1 auﬂd {o which Bri
subjpoied,

t crnadoes are a sigrificant weather
tain and other European countries are

s tornado risk probabilifie: far alf BEuropean

as for the states of the U S.A

'-ac gmy 3%’ rega d ‘io m(j; 7 ima S st zu
as nu:, waw ov @;‘a?’f;a factories manufacturin ag mea{*
chemicals, oif refineries, suspension bridges, ano
other key structures, and

nadio

4. include tornado forecasting as part of national meteo-
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rofogical services, and ssug lomado w ch Tt GCoag-
ons of possible severe lomadoes {(as s fi«f}s inthe USAL"

In the Netherlands, a considerable amount of work has
besn carried out. For @xampéa nu(:f:ﬁaf g:zawm faciities are
(ft“;‘%'qﬁ&’if to withstand tomadic dama Heit
{1987}, developed an hourly now- cw t na A s"ﬁ ve‘w ";f'v}riw
range forecasting system for windg and pre
lvans presentsd a stalistical method fore
rmum wind velocity in sgualls and so on.

But still much more work nesds o be done, for instance
o improve the detection of hat i or fomadoes cm ‘gc, ? etter
forecast convective weather such as hail, heavy shower,

tornado, lighining strike and <o on.
] N
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Appendix

a synoplic climatology of convective waeather in the Methariands

Data source and period

pariod vear)
1935 1945 1085 1965 1975 1985 1895

weather

thunderstorm

tomado

heavy rain

heavy shower

gale

slrike

aenl

I KNMI 1896 - 1965, Onweders, optische verschiingel

enz. in Nederland. ?’esbi #
These data came from 32
1965), distributed over m; ars as follows:

Year 1936 1937 1938 1930 1940 1947

1942 1948 1844 1945 048 1947
1948 18489 1050
Number of 238 249 270 282 230
stationg 240 232 272 221 290

286 309 348

1953 1954 1955 19

Year 1951 1052
1 1960 1981

1957 958 1959
1963 1964 1965

Number of 320 305 323 380 361
stations 14 397 381 408 388
392 402 381

II. Weerspiegel, onweer, hage!, windstoten tomado.
1976 - 1990,

These data came from 60 - 80 stations

L KNME KD, Neerslag Datum Locatie,
These data came from 200 siations {1

IV Wessels, Tornads Data { {1945 - 1969).

V. KNMI publicatie nr. 176 Stormen kalender 1990,
These data came from 23 stations,

VI Jan Pellsboer weerboek, 1982
VII Newspapers in the Netheriands {1970 - 1990;

3,

1 stations {(average number 1936 -

224
264

410
394
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Fig. 1a Thunderstorm: nurmber of reports per year
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o 3 1 killed people
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fig. 1e Gale (> 8 Bt nummer of reports per year {surmmer only}
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Fig. 8o Hail number by hour
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Fig. 66 Distribution of tornadoes in The Netherlands (1945-1968)
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Fig. 13b Same as figure 13a surface weather chart

Fig, 13a Upper air through South West Hlow pattern
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Figr 13c Upper alr through North West flow pattern Fig 13d Bame as figure 13c swrface weather charl
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Figy. 14a Cold vortex central part (Cvs) Fig. 14bSame as figure 14a surface weather chart




