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CHAPTER 18  

I ' 
THE DISASTER IN THE NETHERLANDS CAUSED BY THE STi'aWl 

FLOOD OF FEBRUARY i ,  1913 
P. J. Wemolofelder 

Ri jkswaters taa t ,  The Zague, Nethorlands 

' SITUATXON OF TY.8 NETIIERUNDS WíITH R E W D  TO ZIIE NORIIi SEA. 

It w i l 1  bg usoful t o  show f i r s t  a sketoh of the  s i t u a t i o n  of OUT 
low l y l n g  area w i #  regard t o  #e North Sea (Fig. i). Wo mlght i d e a l l z e  
the  North Soa in t he  shape o f  a rectaligular pocket, near ly  400 milom wide 
and 600 milos long, open t o  the At l an t io  i n  #e l i n e  Dunoansby (Sootland) - 
Bergen (Normy). The 
dopth is of the  order o f  magnitude of 60  m. 
par t ,  betwoen England and t h e  Netherlands, i s  n o t  more ehan 40 m deop, The 
averago Midth of t h i s  p a r t  i s  250 miles. 

For i t s  s ize  t he  North Sea is r e l a t i v e l y  s h n l l m .  
The funnel-lika Southern 

Figure 2 shows the  peouliar topographic naturo of the  Netherlands. 
Ihe more e l e w t e d  Southeastern p a r t  may ba rsgarded as t h e  r e a l  d o l t a  of 
thc  r i v e r s  Rhine a d  House. 
floods of t h e  iiorth Sea. The loiuer p a r t  i n i t i a l l y  was a lagoon, she l te red  
from t h e  sea by a b a r r i e r  beaoh b u i l t  up by the sea. 
bor r io r  1vas.a riff  of elongated sand barkc, gradually they ware heightened 
by waves and wind. 
deposited sand and si l t .  on whioh a marshy vegeta t ion  Plourished. A l 1  tho 
t i n e  t h e  vege ta t ion  was suhnerged by the  sea and suocessfully s t rug, l ing 
t o  keep above t h e  rmtor. 
t i o n s  of p e n t  snd m r i n e  olny and sand t o  about t h e  l e v e l  of n o m l  aa t ro-  
n m í c a l  htgh m t o r .  This is t o d y  t he  107 p a r t  of our ooun:r;., dafondod 
agnins t  t h e  cqa by 2000 m i l 0 5  of dikes.  
oons is t s  of reolaimed lakes, u l t h  tho  he ight  of #e land fram 2 t o  5 m 
b e l o r m e M  888 level.  
aad lt oannot be conoidered a8 s t ab i l i s ed .  Thare are  h o  f a c t o r s  whioh not 
only keep the  menaoe of the  soa a l i v o  but even atrengthon it gradually. 
These sro; 

a, 

This area i8 e n t i r e l y  above the  highoat 

Or ig ine l ly  t h i s  

Behlnd t h l s  pro toot in6  b a r r l e r  tho soa and the  r i v e r s  

I n  t h i s  way tho lagoon ha6 boon b u i l t  up by forna- 

An important p a r t  of this aroa 

This s l t u a t i o n  ha8 not  been parmanently es tab l l shed  

The gradual s e t t l i n g  of t h s  l aye r s  of s o l 1  which have f l l l e d  
the lagoonj a s  a r s a u l t  the  l e v e l  of tho  land, inoludlng t h e  
baaes of  the  dlkos Md tho dikes #mselvos,  l a  lowerad elonly, 
In acme caaes the o re8 t  of the diks ha8 nubaided 2 m in 4M) 
yaars. T h n t  ind ioa tes  an average e i a i n g  of 60 cm per oentury 
by a prooeaa of s o i l  machanioa. 

nie  t e r r l t o r y  o f  t he  Netherlanda 1s  subjec t  to a gradual 
s lnk ing  r e l a t i v a  t o  the m a  level of about 16 cm par century. 
Therofore tho hsight of tho  etormsurgea s l m l y  ra iaee .  

b. 

It  1 8  olear that OR acoount o f  thase t v o  oausee the  s l t u a t i o n  of 
t h e  h t o h  polderland ha8 s t aad l ly  gown more d l f f i o u l t  dwing  the  oenturles, 
This ha8 beooms apparer.t with f s a r f u l  o l a r i t y  in tha reoent  yearo. 
handicap f o r  a thorough invent iga t ion  of uiis vltal problam i a  the h o k  of 
iooura te  reaorda from the p a a t .  

A &reat  
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THE DISASTER IN THE NETHERLANDS CAUSED BY THE STORM 
FLOOD OF FEBRUARY 1, 1913 . 

Fig. 1. Low ly ing  area o f  tho 
Netherlands with regard t o  t h e  

North Sea. 

. - I! HOOK 01 HOLLAND 
9 0  YEARS 

H.H.W. IN EVERY YEAR SINCE 1864 

Fig. 3. 
maxima o f  s torm surges from 

Diagram of tho  year iy  

1864 t o  1963. 
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Fig. 2. peculiar topographic 
nature of t h e  Netherlands. 

Fig. 4. 
sion and pos i t ion  of the s to rm 
center a t  the moment of thû 
begiMine of thû d i sa s t e r .  

b a c k  of t he  depres- 
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COASTAL ENGINEkRING 

Moreover, extreme floods a r e  not wel1 deflned f l x e d  phenome;, 
Thoy range wlthin a wlde sca le  of poss ib i l i t i o s .  A systematicpiange 
in the pa t t e rn  of t h i s  soa le  oan only bo deteoted by meen8 of an ex- 
tensiv0 s t a t i s t i c a l  study. 
t en t ion  altogether.  

"he i n s l g h t  neoesaary Por a methodical treatment of t h i s  problem 
has beon developed only durlng the l a s t  10  o r  15 years. T h l s  has l e d  t o  
a new searoh f o r  data from the nast. Included I s  an inveot iga t ion  of  the  
atomlo s t ruoture  o? Carùon in organlo depos i t s  from o ld  aettloments, N13, 
C14, C12,  
o f  two or  throe hundred years. 

oompanied by powerful t i d a l  ourronts In the es tuar lee .  
of som0 of t h e  es tuar lea  the  discharge a t  the  moaent of maximum flood or 
ebb ourrent i s  100,000 m3/seo. Twlee a day these  huge t i d a l  ourrents run 
in and ou t  the  es tuar les .  Ihey have a maximum ve loo l ty  of i$ t o  2 m por 
880.  
som8 plaoes even more. U n t l l  reoent ly  teohnica l  p o s s i b i l i t i e s  were en- 
t i r e l y  inadequate fo r  o los ing  off i n l e t s  of t h l s  size. 
oharge of the  r lve re  Rhine and Meuse ha8 t o  f l n d  i t s  m y  seaward through 
these  es tuar les .  It i e  olaar  there  ms no ohoioe but  t o  aooept t h e  a i t -  
uation handed down t o  US by history. 

by wind. 
than two fee t .  

,lithout suoh a study lt m i g h t  esoape the  at- 

by whlch the age of l ayers  can be deteoted wlthin an aocuraoy 

The t i d a l  motlon of o l ea r ly  seml-diurnal type i s  n a t u r a l l y  ao- 
Neer the  moutia 

phey qoour ohannels In  the sand t o  a dopth of 30 t o  40 m and in 

Moreover the  dls- 

t 
The normal t i d a l  motion is subjeot t o  oontinuous diaturbanoe 

A$ a n i l e  Chis amounts t o  b u t  a few inohes and is heldom grea te r  

Regular d a l l y  observaticrmwere not s t a r tod  before t h e  middle o f  
t h e  Dheteenth  oentury. I f  wa propare a diagram (Fig. 3) of the  yea r ly  
maxima f o r  the  90 year period, 1864 t o  1953, we obta in  an inslght i n t o  
the  varying c h a r a c t e r l s t i c s  of tho storm surges. 
pass without any serious storm snrge. For ton8 of years the  serious gale 
of 1894 has been considered a8 an sxtremely high one. In any en88 it has 
been made pa in fu l ly  c l ea r  t c  ue In February 1953 that na ture  does n o t  re- 
ooqgniee any l i m i t  has been prsmaturely knpressed on t he  human mind. 

Rom s t a t l s t i o a l  oonaideratlons developed in reoent  years* we 
know t ha t  t heo re t ioa l ly  we w i l l  have t o  reokon with muoh higher t'loods 
than have been known In  t h e  pas t ,  and iihloh w i l l  surpass even t he  1953 flood. 

On the s t r eng th  of t h l s  consideration, t h e  Hork of r e -e s t ab l i sh ing  
t h e  deoreased sa fe ty  had a l ready  been a ta r ted .  Newly oonstruotad dikes 
and the large enclosure dam of the  Zuiderzee, f o r  exemple, already had 
been given oonslderably higher e re s t s .  
t h e  beginning of t h i a  year overtook US before we were ready t o  meet it. 

Sometimea long perlods 

that 

W l t  the  dlciastrous storm surge in 

TIIE W OF FEBRUARY FIRST 

From a metaorologloal po in t  of vlm t he  gale of 1953 was d i f f e r e n t  

+P. J.Wemsisfeldar - Wetmatigheden In  he t  optreden van Stormloeden ,  
(A s t a t i s t i o a l  invus t iga t ion  on t h s  p robab i l l t y  of storm eurges)  De 
Ingenieur 1939 No. 9 
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THE DISASTER IN THE NETHERLANDS CAUSED DY THE STORM 

FLOOD OF FEBRUARY 1, 1953 
from other  heavy ga le s  i n  two respeots: 

. 
a. 
b. 

I P  ym i nvas t iga t e  tho traOkG of s t o m s  vrhioh cauaod e a r l i e r  high 

I t  had an extremaly long duration. 
Tho track of t h o  storm wnc very uncavorablo f o r  our oountry 

storm aurges we f i n d  traoka tra vol in^; over Graat-Britain, p a r t i o u l s r l y  
over Scotland, in an eastward d i reo t ion  and disappearing over Norvmy O? 
Donmnrk. 
type (Fig. 4). This time the cdntor of tho depression of the s t o m  ha5 
crossod t h o  North Soa diagonally from Scotland t o  Hanbwg. 
t h i s  time the wind t o  tho right hand of tho oontor was Northwost end oon- 
aaquently it n m  dl rec ted  s t r a i g h t  toward our  omst. 
tho pos i t i on  of tho center  of tho depression a t  t he  moment of the  begin- 
n ing  of the  d isas te r .  
bad f o r  p i l l n g  up m t e r  aga ins t  the  h t c h  coast. 
data  has been gatherod, nevor hos such an undssirablo storm boen obsorved. 
Hcwever, t h i s  gives infonaat ion over oniy half  8. century. 

about 24 m/aeo. with gust6 up t o  36 m&w. If wo draw a diagram of tho  
wind offoot a t  thc  time of high viater a t  d i f f e ren t  s t a t i o n s  imi obta in  a 
fair  p io ture  of tho geogaphio featwos of tho storm surge (Fig. 6). 
t he  E t l s t  Coast of Great 

Tlie gal0 of Fobruary 1 i s  markedly d i f f e r e n t  from t h i s  wol1 k n m  

During 811 

The sketch glVSS 

Evidently tho track of th i s  storm waas extremoly 
:is long as metoorclogical 

On Fobruary 1 the  wind volooi t  in the v i o i n i t y  of the  coas t  ma 

On 

$f i t a in , the  wind e f f e o t  i s  
l i t t l o  more than 2 f t .  a t  
Leith in Scotland. Goin& 
South, tho e f f ec t  increasca,  
reaching 6 ft. in the  jigshbny 
and 7 ft. i n  tho Thames Es- 
tuary a t  Chathm, b o t h  onlor- 
god In ocnnparison with the  
rahe  i n  the  l i n a  of t he  
ooas t  duo t o  tha normal fun- 
n o l  e f f e c t  in bays. Toward 
Southampton the  cuma shows 
a sharp deollno,as ha6 been 
represented by the  dotted 
l ino .  B u t  if- wo cross t he  
ChaMel from Dover t o  Calais 
and procecd in a northoast  
d i root ion  along the other 
ahore, we 6ee a sharp ris0 
p a s t  Ostend and Flushing t o  
tho  hitoh Coast. Here t h e  
lnorease i n  lavo1 over the  
astronomical height of t h e  
t i d e  extends t o  10 ft. "ho 
sunmiit of t h i s  owvo extends 
al1 a l o m  the Wast Coast Of 

HARLINGEN 

DELFLUL 

" 
Fig. 6. 
f e c t  a t  t he  time of high mter a t  

d i f f e r e n t  atationa.  

Dlagrsm cf the wind af- 

- 
Holland. 
we f ind  a considerable decrease of the wind e f f ec t .  
it i s  but 4 t o  6 ft., and in Denmark it i s  106s than 3 f t .  

d ioa t ion  of which p a r t s  of the coast  belong to England, Prenoe, Eelgium, 
tho  Netherlands, Germny and Denmark. 

A t  Don Helder t h e  coas t l ine  curve8 t o  t h e  a a s t  and from hers  
I n  t h e  G e w n  B i g h t  

A t  t he  bottom of t he  diagram in Fig. 6 thero i s  given sn in- 

As one can 680  the  h ighes t  
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INUNDATED AREA IN I 
THE NETHERLANDS AMSTERDAM 

fig. 7. 
dlreotion. 
land and Suidholland. the oenter of the  oataatrophe. 

%e same model es i n  F i g .  6, neon i n  the northsrn 
I h e  dark part represente the eotuaries i n  Zoo- 

.,, I 

..,../C -i 
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THE DISASTER IN THE NETHERLANDS CAUSED DY THE STORM 
FLOOD OF FEBRUARY 1, 1953 

e l e v a t i o n  above the normal t i d e  took plaoe j u s t  a long t h e  ooast of t h e  
Netherlande. 

* 
, ., 

lis an aid t o  our disoussion of tho problom a smal1 modol of t he .  
North soa w a s  oonstruoted. 
nomioal high w t a r  of fig. 5 a r e  i n  t h i s  model, placed v e r t i o a ì l y  (Figs. 
6 and 7). 
moment of the  d i sas t rous  flood, bu t  t h e  exoess e l e v a t i o n  duo t o  t h e  wind. 

The süme f i g u r e s  of tho riae above as t ro -  

.. , W a t  i s  soon here I s  n o t  the t rue  I s v e l  of t h e  sen at t h e  

, ,  

ï t  ahould be noted t h a t  t h f s  model does no t  r ep r s sen t  t h e  In- 
o l i n a t i o n  o f  tho 6.38 a t  ons s ing lo  moment d w i n g  the storm surp.  sinoe 
t h e  moments of the  astronomiaal h i &  wator do no t  ooaur simultaneousiy 
at  al1 pointa.  Evory high t i d o  enters t h e  North Se8 north of Scotland. 
I t  then moves along t h a  East  Coast of ingland i n  a southward d i r ec t ion .  
It orossos th s  Seven S t r a i g h t s ,  ut tho scmo momont joinlng wi th  t h e  t i d a l  
m v e  coming from t h e  Channel, tho l a t t e r  b i n g  only a mal1 p v t  Of t h e  
wholo t idal  motion. 
Nstherlands &o t h e  no r theas t  and up t o  t h e  German B i g h t  a d  Denmark. 

It then  
It reaohsd the 

, morning Sunday, February 1. 1963. A t  8 oiolook t h e  aurge was a t  Den 

, 
. .  - 

Thon the tidal wave turn6 along t h e  ooast  of t h e  

nie su rgs  appeared a t  4 PM on January 31 i n  Lsith.  
passed Co t h e  S t r a i t s  and a r r i v e d  t h e r e  a t  m i d n i & t .  
g r e a t o s t  e l e v a t i o n  ubout Hook of Holland a t  2 olclock i n  the e a r l y  

Helder and thon disappsarod toward t h e  east .  

You wil1 remomber t h a t  t ho  Evi t ish Eas t  Coast and!the Belgium 
Coast alonp, t h e  Scheldt  a l s 0  were atr ioken by the flood. 
Netherlanda, however, t h a t  had t o  benr the  brunt  of i t d  violenoe. It 
i s  o l e e  from Nes. 1, 6 and 7 t h a t  t h e  attaok of the storm surge w8 
oonoentrated p a r t i o u l a r l y  on the  h t c h  ooast. Takon roughly t h e  wind 

tho oatnstropho ocourrod i n  tho  dead of n i g h t  fron Suturday t o  Cunday. 
Eyewitness r e p o r t s  a r e  few. A photograph (Fig. 8 )  m d e  a t  daybreok a t  
Flushing near t ha  mouth of t h e  Wester Scheldt, oonveye a feeb le  im- 
pression of the violenoe of  a t u r b u l e n t  sea a s s a u l t i n g  t h e  shore ds- 
f R I ~ O l 3 f J i  

I t  wn8 t h e  

e f f e c t  here was twice t h a t  On thü Eas t  Coast of P s i t R i n ,  As YOU knm, 

I 
i j  

I !  
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COASTAL ENGINEERING 

?he e f f e o t  of t he  gale on the  
wator l e v e l  nn a funotion of time O W  
bo w e n  from t h e  gage reoords a t  Rot- 
terdam (Fig. 9 ) .  
t he  reoorded ourvo togothor w i t h  t he  
predioted t i d a l  curve. I t  I s  Been thatt  

The diagram shows 

a. e vrind e f f e c t  i n c  easeli and 
8oreases  roughly l i nea r iy .  me 
i r r e g u l a r i t i e s  a r e  of  l i t t l e  
importanoe. l'here are DO sharp 
poaks disoornable. 

b. lhe maximum storm e f f e o t  f o r -  
tumrtely d id  not  ooinoide wlth 
astronomlo high water, but lt 
ocourrod noar ~ O N  water. This 
maximum mounts  t o  3.70 m. A t  
high water lt was but 3.0 m. 

Fig. 9. Diagram of reoordod 
and predioted t i d a l  ourvo a t  

' RottBrdun. 

Tha oorresponding d i agam of Hook of Holland shows a s iml lnr  
A t  t h o  moment of high water, t he  wind e f f e c t  WnOUntS t o  3.0 m ahape. 

"he l a r g e s t  wind e f f e o t  ooourred 3&' hours bofore high water. It amounted 
t o  3.3 rn (11 f t . ) .  
Rotterdam of 0.4 m, p a r t l y  due t o  t h e  p i l i n g  up of t h e  Rotterdam Waterneg 
by wind and p a r t l y  due to funnel effect .  

Zhere was nn addi t iona l  set-up betTeen Hook and 

The oxcept ioml  charnctor of 
tho  storm surge appoars from i t s  loc&- 
t i o n  on a frequenoy curve. Tho d i a p a  rn 

t h r e e  s t a t i o n s  alonp, t he  Soholdt. Ihe 
,h ighes t  love ls  f o r  a period of 90 years 
a r e  a l1  represented i n  the  diagam. 
The height,  H, i s  entorod on a l l n e a r  
s ca l e  i n  a v a r t i c a l  d i reo t ion ,  t h e  num- 
.ber. N. on a Ipgarithmio sonle I n  a 

(Fig. 10) shows frequenoy ourvos f o r  5 , ,  

, 

hor izonta l  direotion. Tne frequency 2 
ourves i n  th i s  diagram show 8 f a i r l y  
fimooth ouwe. 
s t r a i g h t ,  nor should thoy be straight 
on a Gaussian sca le ,  a Gumbel sca le  o r  
any other s ca l e ,  No theo re t i ca1  die- Fig. 10. Diagram Of PreVOQOy 
oussion wil1 be presentedl however, t he  
s ing le  exampïe we have here is su f f io i en t  
Co show t h o  inadequacy of ahy simpli- 

p l ioa t sd  t r u o  oandition. FOr p r a o t i c a l  
reasons we of ten  prefer  t h o  semi-logarithmio paper 8 8  being the most s h p l e  

, 

Zhey are  not e n t i r e l y  

ourves f o r  *ree s t a t i o n s  along 
t he  Soheldt, s h m i n g  the  ex ten t  
t o  whioh the  1953 l e v e l  exoeeded 

f l û d  method t 0  represent  thû r a t h e r  O W -  the  levels recordod before, 
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THE DISASTER IN T I E  NETHERLANDS CAUSED BY THE STORM 
FLOOD OF FEBRUARY .1, 1953 

A plaus ib le  ex t rapola t ion  on t h i s  paper would lead US t o  assumo= 
for t h i s  super-gale o. frequency of 0,0026, oy onoe i n  400 yoars. 
diagram shows the  extent t o  which the  1953-level enceedod the  l e v e l s  re- 
cordod before. In  t h i s  l i g h t  it is admittad t h a t  p rac t ioa l ly  nobody ex- 
peoted the  occurrence of such a storm. The d isas t rous  oonsequencos wil1 
no langer be surprising. ' In the  e n t i r o  t o r r i t o r y  of tho  Southwast lietlier- 
lands the levels wero 60 t o  70 om abom thb h ighes t  lovelo t h a t  have ever 
been recorded. 

TUE ATTACK ON Ti$ DMES Aì?E TUE IWNMTION 

The 

During the  gale of February 1 the  water levels i n  thomsolves ox- 
eeeded by 50 t o  70 om tho design l eve l s  of t he  dikes. Hence t h e  water level 
c m e  noar t o  the  c r e s t  of t he  dikes and overflowed it a t  many p iaces ,  8 8 -  
pec ia l ly  i n  harborn and other she l te red  spots whare s t rong  waves nevor pene. 
t r a t e d  and the  sa fe ty  margin of t h e  orest l e v e l  was small. A s  a r e s u l t  
of t h i s  t he  dikes were damaged over many miles,  and i n  many plaoes they 
were washed away oompletely. 

i 

The damage p rac t ioa l ly  never s t a r t e d  a t  the outer s ide of t he  
d i k e  as one would usually think, but always a t  the  inner s ide .  
shows a dik6 t h a t  hac been damaged but n o t  pierced. 
r iEht ,  t he  land was t o  the  l e f t .  
eroded away by the water f l o a i n c  over t he  crest .  
a t  only a s ing le  point,,  bu t  over t ens  of miles one oould f i n d  the  saum 
condition. 

Fig. 11 
The sea is t o  t he  

As you can 688. tha inner face  has been 
This occurred not  

From t h i s  and similor evldenco it appears t h a t  the oatastrophe 
was n o t  the r e s u l t  of i n s u f f i c i e n t  maintenance. Tho dika fnoes o p p s e d  
t o  tho eneay a r e  s t i l l  i n t a c t .  %o extreme h i &  mter  l eve l  has led t o  
an  a t t ack  Prom the  r a a r  t o r  ivhich t h e  earth-aikes were n o t  adaquate. 

The f i r s t  s tage  of the  a t taok  can be seen i n  Piz. 12. The sea 
i0 t o  the  l e f t ,  the  land t o  the r lgh t .  @I tho c r e s t  of t he  dike a low 
concroto wal1 has ?ieen constructed, i n  ordor t o  prevent the  waves rrom 
overtopping the  strircture. I t  was not s u f f i c i e n t  'Tor t h i s  super-flood 
A t  the landward s i d e  of t he  o re s t  a lengthwise fissure can be 8een. It 
can be in t e rp re t ed  as the s t a r t  of a s l i d e  in the  wator-saturatsd s a r t h  
of t h e  dike, caused by t h e  s t rong  pressuro differenoe i n  the ground water. 
The wator dashing over the orest penet re tes  i n t0  these fissures and t h i s  
has f requent ly  r e su l t ed  i n  a r ap id  oollapse of the dike (Fig.  13). 
many plaoes the  dike has been washed away t o  the  base, sometimes over 
s o v e r a l m i l e s  a t  a s t r e t ch .  

S t i l l  much more serious were those cases where the j e t l l k e  floW 
bur s t ing  through the dikes out o u t  a gul ly  s t r a i g h t  t o  the  i n t e r i o r .  
Ifhere t h a t  oocurred the  sea had n o t  access merely t o  the  polder f o r  one 
t i de ,  bilt a f a t a l  conneotion had been es tau l i shed  betwoen the  es tuary  
and t b p o l d e r  (Mg. 14). 

meters of water Plm M c e  d a i l y  i n  and o u t  of the  polders,  
encos i n  lave l  a t  the breaohes were 2, 3 or even 4 f t . . g iv in5  r i s e  t o  
f l o w  v e l o c i t i e s  of 4 t o  5 m/sec. I t  ia not surpr i s ing  t h a t  i n  one ca80 in 
a shor t  time a chaMel was ocoured 30 t o  36 m i n  depth end 600 m i n  width, 
through which four  times a day powerful cur ren ts  ooou i  t o  f i l l  up and t 0  
empty again t h e  polder. 

. '  

In 

The s t rong  t i d a l  motions i n  the  e s t u a r l e s  made mi l l ions  of oubio 
The d i f f e r -  
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THE DISASTER IN THE NETHERLANDS CAUSED BY THE STORM 
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Fig. 13. The j e t l i k e  flow cut out a gully straight t o  tha in te r lor .  
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TIIE DISASTER IN THE NETHERLANDS CAUSED BY THE STORM 
FLOOD OF FEBRUARY 1, 1913 i 

. 

Me. 15. Flooded breas 
me map (Fig. 16) shows the  flooded areas. 
damage are ind ica ted  by smal1 black squares. 
broaches with f i e roe  t i d e l  currents.  
over s, grea t  length. the  impact of an adminclng steep water f ront  struok 
doam severa l  hOU6OS and farms (Pig, 16). Otlier bulldlngs were damaged 
later beoause of wave ac t lon  In  the  inundated polders. I n t e r i o r  dike8, 
d iv ld ing  the  poldern Co a cer'cain ex ten t  i n f o  smaller seotlon8,dld not 
p ro teo t  the  polders s l t u a t e d  f a r the r  f r o m  the  ehore. "he seotions fm- 
modiately bohlad the dikt36 woro f i l l o d  rnpldly t o  8ea love1 (:'i&. 17) 
and. frcm t h o s o  IA0 water ovorflomd tho secondary dikes I n t 0  tho ad- 
joiaing polders. 

A ~~nnnary of Wie damage glves  the following flguresr 

'%e s t re tohes  shovring serfous 
The arrows lndlonte t h e  67 

m a r e  the  aea defences gave m y  

Thia explainc the  enormoua oxtont of tho lnundations. 

200,000 ha (600,000 acres) were flooded; 
1783 men, nomen and ohl ldren  drowmed; 
100,000 people were avacuated; 
47,300 houses were damaged. from uhloh 
9215 were badly or i r r e p a i r a b l y  damagsd. 

j 

Phe damge t o  dikes, buildlngs,  a p i o u l t u r e ,  l ives took ,  eto. 18  eatlmated 
a t  260 mi l l i on  dol la rs .  
ou t  destroyed in l l t t l e  time. often on t he  f l rs t  day of t he  d i sa s t e r ,  the 
roads in t h e  poldere (Fig. 18) rendering f t  imposslble t o  t r anspor t  heavy 
equipment fo r  ropcue purposoa. Hence lt m s  extremely d i f f i o u l t  t o  reaoh 
t h e  v i l l ages  and glve immediate a l d  80 urgentiy neoded. 

of fe red  i n  Chose days from a l 1  over the  world. 
here l n i o  remembronoe tho resuue ef fao ted  by a larga number of helicop- 
ter8 of t h e  ünl ted  S ta t ee  and other counwles by whioh the  l i ve8  of more 
than 2000 people were sawd who oould not have been helped i n  any o the r  
my. 
Netherlands deep feelings of rejololng and grati tuàe.  

The t i d a l  currents.  oontlnually f l m l n g  in and 

I fee1 oompelled t o  mention here the  extenslve he lp  whíoh was 
E8peOlBlly I may b r i n g  

These sigas of a growing brotherhood among man have mat In the  
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THE DISASTER IN THE NETI-IERLANDC CAUSED BY THE STORM 
FLOOD OF FEBRUARI' 1, 1913 . 

PIIOJECTS 

Aftor  the  soa had displnyod i t s  povar of aggrossion, w í t h  n o t  a 
l i t t l e  more fury  than wo had thought possiblo, Wie genoral opinion favors  
redicalmeasuros for  811 adequate proteotion of the Lon Countrioo in tho 
future.  For t h i s  purpose e x t e n s i w  studies are in progroso, under t h e  
di root ion  of a board of pcominent experts oa l led  the  Delta-Commisale. 
%o answor of tho Low Countries t o  the  chnllenge of nature  in the  be- 
ginning of t h i s  yoar w i l 1  bet " 

1. Tha reolomation of t h e  flcoded arana, tho rabuíldfpg of the 
damaged farms, bui ldings and houses and tho r e s t o r a t i o n  of 
the  agr ioul tura l  possibilitieies o f  these f o r t i l e  eoi ls .  

An i n v e s t i e t i o n  i n t o  tho p o s s i b i l i t y  of t h e  onoloeuro of 
three of tha  f i v o  Large estuaries in the  southwestern part 
of Holland. 

2. 

3. ân inves t iga t ion  of the stron.est possiblo gaie end 
hi@est  possiblo storm surge vrith modern oceRnograph10 and 
hydrodynamio s c i a n t i f i o  man8 and the  f i x a t i o n  of the  de- 
sign storm t o  som8 ?, o r  3 ft. higher than tho leve l  of 1963. 

nie enlargement nnd heightening of the  dikea a s  far a8 
thoy remain oxposed t o  gala e f feo ts .  

Improvement of  t h e  dike-army of tha l o o n 1  ros idents  who 
oome i n t o  ao t ion  when there  is any danger t o  l i m i t  da- 

Improvemont of tho storm-flood-ncrnlng systom and +&e fora-  
c a s t i n g  from moteorological data. 

4. 

6. 

s t ruot ion  i n  thb vory begiMing. 

6. 

These poin ts  give UB a program f o r  ten8 o f  yeara. Cenoernlng the 
first point,  t h e  reclaiming of the  inunùated aroas,  we have alroady made 

'graat  propesa .  From the  67 breaches with f i e r o e  t i d a l  currsnta.  65 are  
already,olosed and we hope t h a t  t h e  las t  one wil1 be olosed in t h e  DOPE 
du$we. 

As t o  t h e  &her f i v e  points  of t h i s  la rge  program, the  repcr to  
of the Delta-Board w i l 1  give f u r t h e r  information from time t o  time. 

Tho las t  gap "(hiwerkork" (200 in wide, 20 m doop) was closad 
on 6 November 1863. 

* 
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