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Flood prone areas

- Below sea level

Above sea level
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Flood in 1953
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Flood protection standards

T 1 /1250 per year

1 /2000 per year
T 1 /4000 per year
BN 1/10,000 per year

Former legal flood
protection standards

53 dike ring areas

Germany

Belgium
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Critical situation in 1995
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Methodology
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Optimize dike heights

- for each of 53 dike ring areas

(Aarrmanyy
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How much to heighten?

Costs
(euro)

Total costs

Investment costs

Expected damage costs

——
Heightening (cm)
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When to heighten?

| Flood probability I Climate change
X
Damage costs by floodin Sl
J y J population and wealth




UNIVERSITY OF AMSTERDAM
M Amsterdam Business School

Investment costs for heightening dikes

* Fixed costs involved
* Nonlinear in the heightening
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Expected damage costs

* Flood probability x damage cost
* Nonlinear in the heightening
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Suppose we have collected all these data ...

How to find the optimal height over time?



Amsterdam Business School

1. Shortest Path Model
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Graph representation (1)
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» yeart
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Graph representation (2)

Height h,

A

0 50 100 150
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Graph representation (3)

Height h,

A
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Shortest path — optimal strategy
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Shortest path algorithm (Dijkstra)
solves the problem
within a few seconds!
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Two reasons for using nonlinear
optimization model

To get insight in structure of solution PSS

~was

North Sea

State space Is too huge for so-called
nonhomogeneous dike ring areas

Germany

Belgium

el T
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2. Nonlinear Optimization Model

--- homogeneous case ---
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Formula for flood probability

Flood probability in year t:

P, = P()ea(nt_ht)

?

o: parameter of exponential distribution
n: structural increase in water level per year
h:: cumulative heightening up to year ¢
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Formula for damage

The potential damage by flooding in year ¢ is defined as :

_ t Ch
Vi, = Vye? eS 3

where
v: economic growth rate in dike ring (per year)
(: increase of damage per cm of dike heightening
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Formula for investment costs

I u) 0 if u=0,
u)= )
’ (c+bu)e ™ if u >0,

where the constants ¢, b, and A aresuch thatc>0,b >0,
and A >0, with b+ A >0, and h~ is the height of the
dike just before a heightening by u.
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Nonlinear optimization model Extension of: Van Dantzig (Econometrica, 1956)

S_ > i . _ 0o i—1 |
min 0 E_HE.!:] ”f[E{ﬁ_ﬁ'lHH] — E{ﬁ—ﬁ]]fg] + Z I Z uf; u}_ E_Mf

Variables: f(h_ H) _ 0 ifu=0,
' T (e + bu)erTH ify >0,
t; is year of +-th heightening 0=a—(
u; is amount of [-th heightening
B=an+ny
o = oV

0 and d; are discount rates
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Periodic solution

- Problem Is nonconvex

- Explicit formulas for optimal
solution can be derived

- Optimality proof needs 24
pages

- Optimal solution is periodic

No. Year t, ts U, p v Costs

10 46 103 57 57 57 40.0
11 42 101 62 59 62 110.2
15 0 51 56 52 53 545.2
16 4 58 53 54 53 1,089.7
22 13 75 54 62 54 309.3
23 56 104 55 48 55 20.1
24 8 51 62 43 62 297.3
35 0 41 64 42 60 345.2
38 0 51 65 51 62 172.1
41 0 60 101 63 75 325.9
42 15 77 72 61 72 79.2
43 8 73 73 65 73 1,304.8
44 0 50 77 55 50 206.5
45 0 46 62 51 41 33.7
47 0 51 65 52 56 64.1
48 0 41 58 42 51 403.0
49 32 85 46 53 46 74.0
50 0 59 96 59 62 53.5
51 35 87 40 51 40 54.2
52 4 61 46 58 46 245.4
53 0 67 87 69 66 307.5
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3. Nonlinear Optimization Model

--- nonhomogeneous case ---
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Mixed integer nonlinear
optimization model

- nhonconvex

- 2,400 continuous and
600 binary variables

- 3,000 constraints

- AIMMS, CPLEX, AOA

- robust version

L K k
min ) ) exp(—d1) (¢, +bf“fk)‘3xp(_)l!2”n)
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Result for dike ring 17

Cumulative segment heightening dike ring 17.
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IMPACT
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Impact of dike optimization project

Efficient standards Former standards
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Final conclusion

Increase protection standards In:

(@)

Ike rings near Rotterdam

@
O
9

Ike ring Almere

>
0
Q

Ike ring along Rhine and Meuse
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Edelman-winning Dutch Delta Project
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Ministerie van Infrastructuur en Milieu

> Retouradrad Postbus 20901 2500 EX Den Haag

Projectteam Econcmically Efficient Standards to Protect Ministarls vam
the Netherlands agalnst Flooding. Iafrastrectuur en Milleu
. Plesmuanwng 1-6
p/a Deltares, Dr. 1.C.J. Kwadijk Den Floag
Rotterdamseweg 185 Brmthus 20601
2629 HD Delft 2500 EX Dwn Haag
Ons kenmerk

Congratulations letter S =
Minister Schultz van

Wan harte gefeliciteerd met het winnen van de Franz Edelman Award voor jullie
praject 'Economically Efficient Standards to Protect the Netherlands against
Flooding’. Een mocle prestatiel

I I a( E g e I l Zoals de jury verelste, heeft jullie onderzoek grote impact op de samenleving:

jullie rekenmethode heeft geleid tot nieuwe inzichten, betere veiligheidsnormen en
flinke kostenbesparingen. Daarmee leveren jullie de basis voor het
watervelligheldsbeleid van de Loskonsl.

Dat is iets om trots op te zijn|

MNa TNT Express en de Nederlandse Spoorwegen zijn jullie bovendien de derde
Nederlandse winnaars van Franz Edelman Award. Jullie bewijzen dus dat ons land
op het gebled van innovatie en het optimaliseren van pracessen een naam hoog te
houden heeft, En cok dat is iets am trots op te zijn.

Hartelijk dank voor jullie werk en nogmaals van harte gefeliciteerd met deze prijs.

Met wriendelijke groet,

DE MINISTER VAN INFRASTRUCTULUR EN MILIEU,

el .
S e
Melarie SeFiultz wan Haegen
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Implementation

Accepted by House of Parliament
Stated in law (January, 2017)
Implementation is still going on.
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Every 30-40 years
New safety standards
(= Edelman award)

Every 6-12 years
Safety assessment

Every year
Maintenance
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