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Abstract 
One of the topics in the design of mathematical models of interdisciplinary water systems 
is the selection of the appropriate time and space scales. A didactical approach for this 
problem is presented, together with some simple exercises. 

Résumé 
L'un des objectives dans la conception des modèles mathématiques de systèmes interdis
ciplinaires de gestion d'eau vise à sélectionner les échelles appropriées du temps et de l'e
space. Une approche de détection de ce problème a été présentée et complétée d'exerci
ces simples. 

1. Introduction 
The Northern border of the Netherlands is formed by an estuary: the Waddensea. This 
estuary is used for many functions such as: nature reserve, recreation, sand mining etc. 
Hence a combination of economical and ecological aspects. In order to be able to formu
late a sustainable policy, all these aspects and their mutual interactions have to be taken 
into account. In WadBOS, the acronym for Waddensea Decision Support System, such an 
integrated system for policy formulation is built. In addition this system is also used as a 
teaching instrument to teach students to understand and design integrated systems. In this 
note one aspect of integrated systems is focussed: the aggregation level or the spatial and 
temporal resolution. 

Decreasing of the aggregation level often leads to more detail. Initially students often have 
the impression, that accuracy increases with increasing detail. This may be true if only one 
part of the DSS ¡s investigated, e.g. the geographical data. However geographical infor
mation is only part of an impact analysis in integrated systems, as shown in Figure 1. 
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Figure 1. Model prediction and uncertainty sources 

Figure 1 shows that the output of the impact analysis of the water system is the result of 
the modelbase, database, scenario's and measures. The accuracy of the projected state 
depends on the same four sources. Hence the accuracy of the data base, or the spatial res
olution, should be comparable with the accuracy with which the physical, social and eco
nomic processes are represented. A similar argument can be used for the temporal reso
lution. This design perspective is elaborated in this paper. 

From a practical point of view it is important to design models of water systems at the 
appropriate aggregation level of temporal and spatial resolution, as more detail requires 
more data, more processes and more interactions. As the temporal and spatial scale often 
are related the number of interaction increases with n3 or more. This implies an increase 
in costs and time. 

The teaching objective of this project is to teach students that integrated water systems, 
such as shown in Figure 2, can be described on various aggregation levels and that an 
aggregation level has to be selected: too much detail takes too much time and yields too 
much results. In the next part the didactical approach wil l be explained followed by some 
simple examples. This note ends with a brief discussion. 
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Figure 2. System diagram of WadBOS 
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2. Didactical approach 

As a starting point for a global outline of the didactical approach in the course, we 
analysed the educational objectives into more detail. 

To describe the objectives, we take a simple model in which two variables, A and Β are cou
pled to provide an output-variable Ζ = f(A,B) see Figure 3. Both for variable A and for Β the 
uncertainty depends upon the aggregation level at which it is measured: the lower the 
aggregation level, the smaller ΔΑ or ΔΒ. 

Z=f(A,B) 
aggregation level 

high, less detailed 

low, more detailed 

A Β 
Figure 3. Didactical principles 

The uncertainty in Ζ is a function of the uncertainties in A and Β: ΔΖ = f (ΔΑ, ΔΒ). 
The problem to be solved is: "How to choose ΔΑ and ΔΒ (or: at which aggregation level A 
and Β should be determined) to provide a proper value of ΔΖ?" Or, in terms of the picture 
above: "What should be the "slope" of the dotted arrow?" 
To solve this kind of problems, students should: 
a) understand the meaning of the picture above 
b) be able to determine ΔΑ as a function of the aggregation level of A 
c) be able to determine ΔΖ for given values of ΔΑ and ΔΒ. 
These objectives can be characterised as " applied mathematical analysis". 
In a realistic situation, in which a client needs the value of Ζ as a basis for technical or polit
ical decisions, the student should also be able to: 
d) identify criteria and norms for the range of ΔΖ which is appropriate for the user of the 
output variable of the model; 
e) make an appropriate choice of the aggregation level of A and B, to get an output Ζ with 
the appropriate value of ΔΖ. 
These objectives are more of the "design" type. 

The learning process of the student should pass through three stages: orientation (on con
tents and methods), exercises and feed-back on straightforward cases and exercises and 
feed-back on more complex cases . The table 1 presents the three stages together with 
their typical learning activities, teaching activities and learning outcomes. 
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Table 1. Learning and teaching activities for the design of integrated water systems 

Stage 

Orientation 

Exercise 
Straightforward 
Cases 

Exercise 
Complex cases 

Learning activity 

study oral and writ
ten presentations 
analyse situations; 
discover principles 
imitate problem 
solving methods 

solve presented 
exercises 

Teaching activity 

provide wri t ten or 
oral presentation 
and explanation 
provide cases from 
which principles ca 
be derived 
describe and dem
onstrate problem 
solving methods 

provide exercises 
which can be solved 
by straightforward 
application of stan
dard methods 
provide feed-back 
on output and 
approach of stu
dents exercises 
provide a "help-
desk" function 

Learning outcome: 
to be able to: 

define and describe 
concepts and princi
ples 
describe problem 
solving approach 
and methods 

solve straightfor
ward problems (not 
complex, well 
known domain) 

analogous to the former phase, but now on problems of a more 
complex character or in another domain as used in the former 
phases (transfer). 

This didactical scheme has been applied both to teach the more "analytical" objectives and 
for the more "design-like" objectives. In the latter case, a further splitting up is required: in 
a first phase the constituent design processes are covered separately and in the final phase 
the process as a whole is practised. 

In the next section some examples will be presented of tasks and exercises which are typ
ical for the various phases of the teaching-learning process as depicted above. The rela
tion between increasing the aggregation level Ζ and the exercise is shown in Table 2. 
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Table 2. Relation between exercises and level of aggregation 

Increasing 
Level 
Of 
Aggregati 

i 

Exercises 

Number of strips of 
the musselbank 
Exercise 1,2 

on 

{ = 2 

n = 4 

n = 8 

n = 17 

Flood damage 
Assessment 

Innundated area 
exercise 5 

Number of aver
aged house 
exercise 4 

Individual house 
exercise 3 

System 
reduction 

Individual contribu
tion of sources 
exercise 7 

Contribution of 
sources and uncer
tainty 
exercise 8 

3. Examples w i th a single variable 

Introduction. 

The first example deals with the representation of the cross-section of a mussel bank. In 
this example the variable Z, introduced in the didactical part, is the area of the cross sec
tion, while the related variables A and Β are the width of the strip ΔΧ and the number of 
strips n. Furthermore this example is restricted to the data base in Figure I.The first exer
cise points towards the importance of a norm in order to select an appropriate represen
tation. In the second exercise a number of representations of the cross sections is obtained 
and together with a norm one of the representations is selected. 

Exercise 1: representation of a the area section of a musselbank. 

- k y-axis 

Figure 4. Cross section of a musselbank 

In Figure 4 the vertical section of a mussel bank is presented. The width of the bank is 
1200m and the height is 2m. The question is: which spatial resolution should be chosen? 
Suppose one would select the spatial resolution in such a way, that the shape of the sec
tion is clearly recognisable or distinguishable. The conclusion than would be: a selection 
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of an appropriate representation from Table 3 cannot be made, because the terms "recog
nisable" or distinguishable" are not defined. 

Table 3. Number of strips and spatial resolution 

Number of strips n 
2 
4 
8 
17 

Width of the sections ΔΧ. 
600 m 
300 m 
150 m 
75 m 

Exercise 2: representation of the area of a section of a musselbank, with a given accuracy. 

In order to be able to calculate the area of the musselbank in Figure 4, the cross section of 
the musselbank will be described by y=b(a2-xi) where a and b are constants. 
The exact value of the area O of the cross section is O = 4 ba313. If the mussel bank is rep
resented by a number of strips of equal width Δ χ, then the spatial resolution Δχ is related 
to the number of points η and the width 2a by Ax=2a/(n-1). The area An of η strips can be 
expressed by An = Δχ(0,5 f0 + f, + f2 + f, + ... + ƒ„., + 0.5fn), the trapezium rule. The relative 
error Δ in the representation of the area follows from 
ση = {(O-An)/O}100%. Exercise 2 is an example where a wide variety of spatial representa
tions of the musselbank is obtained, each with a different Δχ. Based on the required accu
racy , the appropriate representation can be obtained from Table 4. 

Table 4. Relative error in the estimate of the area 

Number of points 

3 
5 
9 
18 

Area m2 

1200 
1500 
1575 
1594 

Relative error (%) 
25. 

6.25 
6.25 
0.3 

Lesson: for the selection of an appropriate spatial resolution a norm is required. 

4. Examples wi th more than one variable 

Introduction. 

The focus in these examples is on the determination of the spatial resolution in case of 
flood damage assessment. Flood damages are assessed by various types of objects, like 
houses, farms, industries etc. For each of these objects a depth-damage relation is 
required. The flood damage per object is calculated form the depth damage curve and the 
local inundation depth. Uncertainty sources are: the level of the foundation of the building 
relative to the river and the water level in the river. A source of inherent uncertainty is the 
uncertainty in the damage due to differences in contents and type of building. The flood 
damage in the following examples is assessed on three levels of aggregation of the village: 
the individual houses, the "averaged" houses and the inundated area. 

The variable Z, in chapter 2, is in this case the flood damage S. The flood damage is, after 
the introductory exercises 3 and 4, affected by more than one variable: the number of 
objects and the damage per object. The first variable relates to the data base in Figure 1, 
while the second variable is part of the systems description. Exercise 5 deals with flood 
damage assessment of a village. The aim of the exercises is to teach students that if one 
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of the variables is uncertain, reduction of the uncertainty in one of the other variables does 
not lead significantly lead to a reduction of the uncertainty in S. This notion is used in exer
cise six to formulate a required degree of accuracy for the water level, given the uncer
tainty in the depthdamage relation. In the exercises 7 and 8 these concepts are used for 
system reduction and for the related spatial representation. 

Exercise 3: assess the flood damage S by estimating the damages s, of the individual houses. 
n 

The flood damage S follows in this case from: S = X s¡ . Some disadvantages of this 
;=/ 

method are that it cannot be used for estimating flood damages in advance and the 

method is time consuming. 

Exercise 4: estimate the flood damage S based on the number of houses n and a depth
damage curve. 

The flood damage follows in this case from the product of the number of houses n and the 
average flood damage per house s : S = ns . If the uncertainty σ in the flood damages are 
uncorrelated, then the uncertainty in the flood damage S equals σ,„, = OW/Î, while, if the 
uncertainty σ is fully correlated, the uncertainty in S is σ„„ = on . The real uncertainty will 
be between these two estimates. The approach of estimating the flood damage S in exer
cise six is acceptable if the uncertainty σ,„, in the damage S is acceptable. 

Exercise 5: estimate the flood damage S based on the inundated area and a depthdamage 
curve. 

In this example the inundated area is known. Furthermore the average value of the flood 
damage and standard deviation of the area per house including gardens, streets etc. are 
known. This information allows for an estimate of the number of houses n. The flood dam
age follows from S=nsi. If s and η are uncorrelated then the uncertainty in the flood dam
age can be expressed as: 

asm σ« σ
2
./ 

■ + 
S

2
,,,, rr ή 

Lesson: the uncertainty in the flood damage S is determined by the uncertainty in the 
damage σ8 and the uncertainty ση in the number of houses n. If for example the relative 
uncertainty in the flood damage is much larger than the uncertainty in the number of 
houses, then equation 1 shows that the uncertainty in the flood damage does not reduce 
if more accurate methods are used to determine the number of houses. A simple method 
by using the flooded area and the average area per house is then sufficient in this 
approach. 
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Exercise 6: Relation between uncertainty in flood damage and the accuracy of the water 
level. 
Figure 5. Water level accuracy and flood damage uncertainty 
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Figure 6. Damage tree 

In Figure 5 the depthdamage relation is shown, including the uncertainty band as a func
tion of the water depth h. Estimate the accuracy Ah for the water level h, given the uncer
tainty AS. 

Lesson: if the uncertainty in one variable is known, then this information can be used to 
select an appropriate spatial representation for another variable. 

Exercise 7: reduction of the number of contributing sources, based on their individual con
tribution. 

The average flood damage S for n sources equals S = Σ n¡s¡ . Suppose that there are ten 

cities and towns. The relative contribution of these sources to the flood damage ranges 
from one to ten. Do you have to take all cities and towns into account estimating S or could 
some cities be left out? Find the arguments. 
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Exercise 8: reduction of the number of contributing sources, based on their individual con
tribution to the absolute value and the uncertainty. 

Following the previous exercise, the uncertainty in the contribution of each sources is 10%. 
However, from one of the intermediate sources the uncertainty is 40%. 
It is assumed that the uncertainty in the damage between the cities are uncorrelated. The 

uncertainty in S then equals σ|,0, = X[a
2
fn,^5¡ + a

2
(s¡)n

2
¡] . Do you have to take all cities an 

¡=i 

towns into account inassessing the flood damage S or could some cities be left out? Find 
the arguments. 

Lesson: knowledge of the contribution of the individual sources can be used for reduction 

of the system and the related spatial representation. 

4. Discussion 

In this paper a contribution is made to the selection of the appropriate spatial resolution of 
integrated river and estuarine systems. This notion is also applied for system reduction. 
The tools presented in this paper are rather simple and can easily be extended towards a 
course on statistics. The problem for students is the application of these tools for system 
design. This becomes clear in the selection of an appropriate spatial resolution: 
Representation of the cross section of a musselbank (1, 2) 
Flood damage assessment per house, for η houses or a flooded area (3, 4, 5) 
Selection of an appropriate level of uncertainty of a variable based on the uncertainty of 
the remaining variables is the topic of exercise 6. Students find this approach difficult 
because they are not used to formulate first the required uncertainty and use this infor
mation to select an appropriate model concept. Usually students are asked to apply just 
one model concept and they are not aware that many model concepts are possible. 
System reduction in exercises 7 and 8 is difficult for students as they are tempted to 
include all elements in the system. This process of system reduction often takes place in 
the problem formulation phase, where reality is reduced to a model which is fit for analy
sis. Examples in flood damage assessment are the neglect of the spatial development in 
time or non monetary values. Both aspects are often important but uncertain contribu
tions to flood damage. 

In this paper no attention has been paid to the sensitivity analysis, uncertainty analysis etc. 
The reason is that these techniques are used in the validation phase of integrated systems. 
In this paper the focus is on the design of these systems, where the selection of the spa
tial and temporal resolution takes place. 

The main attention has been focussed on the spatial resolution. It is expected that a simi
lar approach can be followed for the temporal resolution. 

The step towards more realistic exercises learns that the gap between the theory in the 
first exercises and reality is still very large. Maybe more attention should be paid to the 
didactical difficulties in the design phase of water systems. 
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