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Even i f  a ll the dikes are heightened to resisting m axim al historical fo o d , there will alw ays be a certain  
danger fo r  flood ing  near the navigable waterways in Flanders. C onsidering that, we believe that cm a p ­
proach o f  protection against inundations cannot be a protection  against high water levels any more. In  
the future, the consequences o f  d  f lo o d  m ust be taken into account by introducing a value fo r  the damage.
This dam age calculation is used as an essential elem ent in the risk  calculations. This risk level is calcu­
lated  by means o fa n  equation which contains the sum m ation o f  the frequency o f  the observed inundation  
m ultiplied by the value o f  the damage caused by that inundation. In other words, the supplem entary value  
caused by a f lo o d  with a specific return p er io d  is calculated by com paring it with the value o f  the dam age 
caused  by a f lo o d  with a sm aller return period. The use fo r  soc ie ty  o f  the risk m odel is tha t an objective  
comparison o f  the impression o f  security can be made by m eans o f  a m athem atical m ethod that can be 
used in the different hydrographical catchments. Another advantage is the possib ility to calculate the  
risk in the presen t situation and compare it with fu ture scenarios when the morphology• and  the  
bathym etiy o f  the flu v ia l system  (due to dredging, heightening o f  dikes ...) o r the land use o f  the inun­
dated land a ie changed.
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Introduction
Regularly, parts o f Flanders (Belgium) are flooded due 

to the overflow  o f  dikes. There have been, for example, 3 
floods in the Dender catchm ent during the last 10 years: in 
1995, 1999 and 2002-2003. Figure 1 shows a plot o f  the 
maximum annual discharge at Lessines, upstream  o f  Flan­
ders in Wallonia.
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Figure 1 M axim um  annual discharge (m3/s) in Lessines
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In  the past, the solution to avoiding the flood problem 
w as evacuating the w ater dow nstream  as fast as possible 
and heightening the dikes along the river border. Experi­
ence sh o w ed  th a t is no t the ideal s itu a tio n . In the 
governm ental note o f “M obility and Public w orks 2000 - 
2004” the Flem ish m inister responsible launched the idea o f 
another approach. The idea was not to keep try ing to avoid 
all floods but to avoid serious dam age. It is not a protection 
against w ater levels any more but a protection against the 
dam ages caused by the water. In  certain areas, the effects o f  
inundations are rather lim ited, in certain zones, fo r example 
in  nature conservation zones, inundations can have positive 
effects. The opposite is true in densely populated areas or in 
areas w ith im portant industrial installations. In those areas 
extra efforts to avoid flooding have to be taken.

D uring an  inundation there is a  short term  storage of 
big volum es o f  w ater that can be allowed in certain arcas to 
control the discharge as much as possible. This approach 
m akes defining controlled overflow  zones necessaiy. This 
policy supposes a uniform  approach o f  risk analysis in the 
different hydrographical catchments..

In  this context, the study explained has several objec­
tives:

•  the developm ent o f  a m ethodology for the uniform  
calculation o f  dam age and risk for the whole o f 
Flanders;

•  ca lcu lation , using  the sam e m ethodology, o f  
changes in risk and dam age due to local heighten­
ing o f  dikes or /  and changes in land use;

•  a definition o f the needs for GIS data and GIS pro­
gram s necessaiy for running the equations.

In the first place, it is the W ateiw ays and M arine 
Affairs A dm inistration (AW Z) w ho is responsible for all 
navigable waterways in F landers and who w ants a scientific 
tool by  w hich the im pact o f  decisions can be calculated in 
the future. In such an approach, it is necessaiy to  work with
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data that have a uniform accuracy and precision for the 
w hole of Flanders. A fter drawing up an inventory o f  the 
available data, a calculation model for the “risk” is defined 
and implemented in GIS. The results presented here are 
those for the Dender catchm ents (see figure 2). But as told 
before, they can be used for the other Flem ish catchm ents as 
well. The Dender enters Flanders in Geraardsbergen and 
after a trip op 48 kilom etres it enters D enderm onde w here it 
flows into the Scheldt.

A ntw erpen .
0  *--■ •

B rugge J *  ^

--> * Gent -• ^•  D enderm onde‘ <-■* / : - -
H asse lt

• . *
A alsl j  B russel •  Leuven 

Geraartteherg^T *

20 o________20..........  40 km

Figure 2 View o f Flanders with the 11 principal hydro- 
logical catchm ents (D ender catchm ent in grey)

Different types o f damage
Different types o f  dam age can be distinguished. From a 

financial point o f  view, damage can be distinguished in 
monetary dam age and non- monetary damage. For the 
moment, this study does not take non-m onetary damage 
into account, which is the dom ain o f the em otional damage.

Another possibility is to distinguish between internal 
and external damage. Internal dam age is defined as the 
dam age caused in the inundated zone itself, external dam ­
age occurs at places that are not flooded. External damage 
occurs when suppliers or client m arkets are flooded. 
Because companies can react in many possible ways w hen 
suppliers or custom ers are flooded ( they can for example 
change stocks, buy or sell products from  / to rival com pa­
nies), only the internal damages are taken into account.

The third w ay is to distinguish between direct and indi­
rect dam ages. B oth are taken into account using the 
following definitions:

•  direct dam ages are those affecting buildings, fur­
niture, stocks, installations, crops ... ;

•  indirect damages are defined as the loss due to a 
period without production and all costs concern­
ing cleaning up activities (Griggs et al 1976).

The value o f  “goods” used for dam age calculation is 
the replacem ent value and not the purchase price.

Damage
W hen general calculation methods for the risk in Flan­

ders are used, it is im possible to incorporate all the potential 
dam age o f one household individually. Insurance com pa­
nies are principally interested in the potential dam age that 
has to be assured, as detailed as possible, to calculate insur­

ance prem ium s. The approach in this project is based on the 
use o f  grouped spatial data such as the m ean housing value 
per village, the average value o f  crops per agricultural area, 
the num ber o f  houses in a statistical sector (more or less a 
district, a part o f  a com m unity )... The spatial resolution  of 
all these data is different. This has to be kept in m ind when 
com bining them in one project. There are also (rather big) 
differences in sem antic and thematic reliability.

The follow ing principles concerning an acceptable 
dam age level have to be observed:

•  w hatever the price o f  som eone’s house, every­
body runs an  equal risk o f  inundation.

•  for each land use, the data w ith the best accuracy 
and precision (available for the w'hole o f  F landers) 
are used on a level as detailed as possible;

Due to  the algorithm s, the problem  is that a statistical 
sector w ith rather expensive houses can run a big risk. B ut a 
statistical sector w ith cheaper houses can be flooded more 
frequently concerning lower dam age. The mathem atical 
consequence is that the area w ith the more expensive 
houses has to be protected first, which creates the problem  
that those areas are becom ing more and more expensive 
(because o f  a good protection) and the difference from  areas 
with cheaper houses becom es bigger and bigger (De 
M aeyer et al 2003). To avoid that, it is not only necessaiy  to 
calculate the dam age and (as defined later) the risk bu t also 
an index for “social correction” .

In practice the first thing that is calculated is the m axi­
mum dam age or the potential dam age in each area fo r each 
land use and the creation o f flood maps. The next step is 
com bining both to make m aps o f  the real occurring dam age 
by use o f  relationships between the dam age and w ater level. 
The relationship between both is not linear: figure 3 show's 
some graphs o f the dam age functions for different land uses 
and table one explains which function is used for the d iffer­
ent types o f  land use.

F u rn itu re
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R o a d s  a n d  r a i l ro a d s

✓  In d u s try  (e m p lo y e e  a p p ro a c h )

Dam age fac to rs

2 3 4 50
D e p th  In  m e te rs

Figure 3 D am age functions: real damage as a function  
of w ater depth

The calculation o f  the replacem ent values for houses is 
explained as an example.
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Damage Classes_____  . ....
Dam age Function

Housing, real estate Housing

Housing, furniture Furniture

Cars Cars

Industry
Industry (surface approach) 
Industry (em ployee approach)

Infrastructure Industry (surface approach)

Airports (infrastructure) Industry (surface approach)

Airports (other parts) None

Recreation Recreation

Arable farming Agriculture

Pasture A griculture

“Nature” None

Forest None

W ater None

Roads Roads and Railroads

Railroads
. . .  _____________ _ __________

Roads and Railroads

Table 1: the dam age functions used for the different 
dam age classes

In every statistical sector, the num ber o f  houses and the 
built surface is known. There are three classes o f  density for 
built surfaces w hich can be defined by means o f  a distribu­
tion code that calculates the density o f houses, the basic data 
o f which can be com bined into a data layer with the num ber 
o f houses per surface in each statistical sector and for each 
building density class. The average value o f  all sold houses 
can be found in the “Guide o f  the real estate values” (Fortis 
Bank). T he product o f  the density o f  houses and the average 
value o f  a house gives the average value per surface. Insur­
ance com panies w ere contacted for the average value o f 
furniture. All values they gave w ere about 50%  o f the value 
o f the building. Due to the fact that there are different dam­
age curves for houses (building) and furniture, those two 
values cannot be sum m ated.

There are two approaches for industry. One is based on 
the surface, the other uses the num ber o f  em ployees as a key 
to calculate the value o f  industry. Because none o f  the meth­
ods is perfect to deal w ith the dam age, the maximum value 
o f both calculations is chosen in the final risk models. It is 
surely possible that this is an overestimation o f the real 
dam age, but overestim ating is socially more acceptable 
than an underestim ation o f  dam age and risk.

A n important concept in this approach is the “doorstep 
level” . It is the height above the ground level that defines 
the zero level for damage. U nder the "doorstep level" the 
dam age is set to zero. For industry and housing, this door­

step is a physical reality. For roads the idea behind the 
concept is that a small w ater height doesn’t cause any dam ­
age in a short term period. In practice, the w ater levels are 
grouped into classes o f 25cm  in a conservative way. That 
means that all w ater levels in the flood map are changed by 
the next m ultiple o f  25cm. For housing, there is a doorstep 
o f  25cm  and for roads and industry there is a doorstep o f 
50cm. For all other classes o f land use, the doorstep level is 
0cm . which m eans that the dam age occurs from the m om ent 
there’s water. This doorstep level is included because the 
dam age curves that are used are adaptations o f the curves in 
the N etherlands and during calibration people w ere asked 
how  high the w ater was above the doorstep.

Like explained before, there is a maximum (replace­
ment) value for every class o f land occupation p er surface 
(m 2) or per distance unit (m). These values are variables in 
space and time. That is w hy average values o f  housing or 
agricultural production in the sm allest territorial unit avail­
able are used in this project. In several cases existing 
approaches w ere adapted to the specific situation o f  the 
Flem ish territory. M ost o f  the sources o f this know ledge 
com e from the Netherlands (see e.g. Vrisou van Eck et al 
1999. Van de Sande 2001 ) and the adaptations are described 
in Vanneuville et al (2002).

In an inundation zone the real dam age caused by an 
inundation w ith a certain w ater height can be calculated by 
sum m ating all unique surface entities and by using the 
w ater depth and the land use. M athem atically, this can be 
described like equation 1.

Eq 1: * =  I
unique entities

«  x S „ „ x -v

Where: O  w

S max:

A:

N:

real dam age in a zone 
maximal or potential dam age 
in a certain land 
occupation
coefficient expressing the 
elation between w ater depth 
and dam age (see figure 3 )

num ber o f entities (linear or 
surface)

Because it is by far the m ost im portant reason of floods 
in the Dender catchm ent, only overflow  o f d ikes is taken 
into account.

Fresh water versus salty water
For some land uses, an inundation with salt w ater will 

cause more dam age then an inundation w ith fresh water. 
There are two ways to bring this into model.

The first way to handle the extra damage due to salt 
w ater is creating new dam age curves which show  the rela­
tion between w ater depth and fraction o f the total damage. 
This is done for houses (buildings) and cars. In this case, 
dam age calculation is based on inundations w here the flood 
zones are inundated for a long tim e, in com parison to the 
data o f Penning-Rowsell et al (2003). The m axim al dam age 
caused by floods o f  fresh o r salt w ater respectively remains
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th e  sam e, b u t th e  d am ag e  c u rv e  in c re a s e s  fa s te r  Risk 
(Vanneuville et al 2003a).

A nother possibility is to change the potential damage 
value. This is done for agriculture and recreation. This can 
be done because there is a change in soil structure, which 
results in lower agricultural yield in the years following the 
flood. How long the effect o f  a flood can be seen in the agri­
cultural production differs strongly for different soil types 
(W östen 2002). Adding lim e to the soil is an additional cost 
when arable land is flooded by salt water.

Victims
During an inundation, the danger o f  having mortal vic­

tims always exists. From  time to tim e courts o f  justice 
decree the value o f a hum an life but in this project full dis­
tinction is made between the econom ic dam age m odel and 
the victim  model. The political consequences and policy 
options can be different when it is decided which effects are 
allowed.

Floods can occur on every moment: during day or 
night, week or weekend ... and concentrations o f  people 
change over tim e. That is why in this model all people are 
assigned to their hom es w ith the same density code as build­
ings (see before). The rest o f  the calculations are rather 
equally as for economic dam age but drowning depends 
from the m axim um  w ater level and the m axim um  increas­
ing level o f w ater as expressed in equation 2.

Eq 2: N  = f d * f v * A

where: N: num ber o f victims

fd: drowning factor as a function
of w ater depth 

fw: drowning factor as a function
of incremental rate 

A  num ber o f people per surface (m2)
(Vrisou van Eck. 1999)

The same “doorstep level” as for buildings (25cm ) is 
used in calculation fd:

Eq 3: f d =  e x p ( l ,1 6 * £ / -  7 ,3)

W here: d: water depth (in metre)

The drowning factor based on increm ental rate fw is 
defined as:

Eq 4:

where:

/  _  n i f w < 0 , 3
J  ly  -

f w = 0,37 *w -  0,11 lf ° ’3 < w  < 3-° 

f w = 1 w  S O,3

w: incremental rate (m/hour)

(Vrisou van Eck. 1999)

The risk is an expression o f the statistically expected 
dam age for one year in a lim ited zone. The risk function 
takes into account the chance o f the occurrence o f  a  flood 
with a certain w ater level. This chance is expressed by the 
use o f  the concept o f  the return period. Risk m ust be 
expressed by a com posed summation o f  the occurring dam ­
ages o f  a flood that statistically occurs once a year and a part 
o f the dam age o f  a flood with a return period o f  tw o years 
(the extra dam age, not happening when a flood with a lower 
chance o f  occurring is passing by), plus etcetera. T his can 
be expressed mathem atically as in equation 5.

Eq 5: r = Y  0
*■»1»^ J  * *

where: Si the dam ages related to a 
flood with a return period of 
i years.

The calculation o f  damages im plies the know ledge o f 
exceptional water levels in the w aterw ay and their chance 
o f  occurring. A lso the propagation o f extreme w ater levels 
in the w aterw ay into the flood zone m ust be know n as 
detailed as possible. The calculation o f the chance o f  occur­
ring is done by com posite hydrographs. These are synthetic 
hydrographs used as an upstream boundary condition. They 
have the advantage that in every point o f the w aterw ay (and 
in the flood zones) the calculated w ater levels have the same 
return period. O nly one calculation for every return period 
is enough, which results in faster risk calculation models. 
Because the creation and the validation o f  com posite hydro­
graphs is a tim e- consum ing job , only a few are created. To 
calculate the risk in practice, it is assum ed that there is a lin­
ear interpolation between two known return periods as 
expressed in equation 6.

Eq 6:

r  = Y
x. _, +1 X , , + 2

1

Application o f the Dender catchment
The model o f  risk calculation was first tested on the 

Dender catchm ent. D uring this project, all necessaiy data 
were collected for the whole o f  Flanders to make sure that a 
uniform calculation for all hydrographical catchm ents is 
possible. Except from the hydrological data necessary for 
the return period calculations, there must be a detailed D ig i­
tal Elevation M odel (DEM ) with an altimetric precision of 
less than a decimetre. A  DEM with these characteristics is 
made for the whole o f  Flanders by the W aterways and 
M arine Affairs A dm inistration (AW Z) together w ith the 
E nv ironm ent, N atu re , Land and W ater M anagem ent 
Administration (AM INAL).
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There are two land use maps available for the whole 
territory: Corine Land Cover (CLC) and the Small scale 
land use map o f Flanders and Brussels. Both are derived 
from Landsat TM  and Spot images so the resolution is too 
rough to see all linear structures such as waterways, roads 
and railroads. Those linear elem ents are well described in 
the topographical maps o f the National G eographic Insti­
tute and there is made an overlay o f  the three data sources.

The general derivation schem e o f  the risk map is made 
visual in figure 4.

C om bina tion  o f  
land  use m aps

Inundation
m aps

Real D amage,___
M aps

M a x i m u m

d am age m aps

Figure 4: General derivation schem e o f risk maps
Like explained before, in practice there is a limited 

number o f  return periods used. In the study project o f  the 
Dender, com posite hydrographs o f 1, 2, 5, 10, 25, 50 and 
100 years were available. In this case equation 6 can be 
rewritten:

Eq 7: and Eq 8:

: i i —+—+— t i t i i
- :  +  - z + ^ r + T + T r

R = f S + i<S. -  ? )+ i-5M (St —S ;) t5 • r S_ c9 10 {S„ -  50 -

s =o.5«bo* S.+ s, +0.3322* s.+ao73i>*s„.+Q.C5is* ?.. +aoi55*s„+o.o:3;

Calculation models
Starting with land use maps and flood m aps, all steps to 

create risk maps are separated in sub models based on raster 
GIS. W hen the calculations in raster and vector were com­
pared, GIS did not result in big differences o f  precision and 
accuracy but the calculation times in raster GIS are much 
faster. The small differences in accuracy and precision can 
be explained because the land use maps are derived from 
satellite images (raster) and the flood m aps are m ade by 
using a raster DEM. The storage capacities on com puter are 
much bigger for raster but can be compressed.

A widespread misconception is telling that raster GIS 
is out o f  date. The choice between raster and vector GIS 
m ust be made by looking at the type o f  the available data 
and the kind o f  analyses. A nother thing to keep in  mind is 
the interchange possibility with other GIS or spatial data 
used in an organisation. So conversion must be possible.

Figure 5: A gricultural Damage, flow chart based on an 
Idrisil32R 2 sub model

Raster GIS is m ore flexible to use for dynam ic p h e ­
nomena. Changes in tim e are visualised in different data 
layers o f  which only the basic structure (num ber o f  columns 
and rows, grid size) is identical. Continued phenom ena can 
be handled in vector GIS by the use o f  isolines or contours. 
They are useable for visualization but not efficient for 
num eric m odelling or the study o f  spatial interactions. 
W hen continuous variables are used, most o f  the tim e varia­
tio n  is too  co m p le x  to  be d e sc r ib e d  by  a  s im p le  
mathem atical expression and it is necessaiy to divide geo­
graphic space into discrete units. (Burrough & M cDonnell 
1998)

Once a system o f  m odels is built and specifications are 
defined, it is difficult to implement actions to increasing 
quality. But future evolution in flood risk m anagem ent can­
not be foreseen totally. W orking w ith separated Idrisi 
models is flexible and allow s future changes in a relatively 
sim ple way without too m any costs (time and m oney) and 
without big concessions in quality.

For each class o f  land use the total dam age is calculated 
into separated sub models. Figure 5 is a screen dum p o f  the 
Idrisi M odel Builder (Eastm an 2001 ) and gives an  example 
o f  the sub model o f  agricultural damage (direct and indi­
rect) when areas are flooded with salt or fresh water. All 
these dam ages are brought together to create total damage 
maps for every return period. For the 7 return periods used 
in this Dender project 14 dam age maps are created (2 ways 
o f  calculating industrial dam age, see above). Each group o f 
7 dam age m aps is results in a risk map and the m axim um  
value o f  each pixel in the risk maps results in the final risk 
map. This process is described in detail in Vanneuville et al 
(2003b).
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W hen scenarios are calculated, changing the input files 
(new land use. changed topography, other flood maps ...)  
results in new dam age and risk maps that can be easily com­
pared to earlier calculations in order to select interesting 
policy alternatives.

C onclusion
The total risk in the Dender catchm ent includes an 

ascendancy o f the risk o f  houses and industry. The risk is 
highly influenced by some parts that are flooded frequently. 
As seen in the risk formula for the D ender catchm ent (equa­
tion 5), the floods w ith a small return period have a 
susceptible influence on the total risk. A lso the contribution 
o f  agriculture to the total risk cannot be ignored. The dam­
age per surface is much sm aller than for industry and 
housing but the flooded areas are m uch bigger. The risk 
model allow's sim ulations w here land use and topography 
are changed. Due to the uncertainties in the basic data and 
the assum ptions made for building the model, the results 
cannot be interpreted absolutely. This means that it is 
impossible to use the results for insurance, but they do give 
a very good idea o f  the order o f  size w hen bigger regions are 
compared. That makes it possible for monetary budgets to 
be spent on a  m ore efficient and objective base because 
there is a scientific base for calculations.

N ot only the benefits (decreased expected annual dam­
age) but also the costs o f  new infrastructure, expropriation 
... must be taken into account. Some o f  these actions do not 
only have construction or execution costs but also m ainte­
nance costs. The economic optim um  is w here the sum o f all 
costs (rem aining dam age and cost o f policy actions) is the 
lowest. Perhaps the econom ic optimum is not the policy 
optim um and therefore the num ber o f  mortal victim s is 
taken out o f  the economic evaluation.

To m ake the right conclusions, precise and accurate 
basic data for the specific aim s o f  a project are needed. A 
cartographic representation o f  numerical model output is a 
very useful method to exanim ate the origin o f  outliers and 
to evaluate the overall effect o f  planned actions.
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