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Flood protection and water management Flood protection and water management 
policy in the Netherlandspolicy in the Netherlands

Permanent danger of flooding for the lowPermanent danger of flooding for the low--lying landslying lands
–– From both the sea and the rivers From both the sea and the rivers 

(The Rhine, the Meuse and the Scheldt)(The Rhine, the Meuse and the Scheldt)

A milestone in policyA milestone in policy--making: the flood of making: the flood of 19531953
–– The Delta Plan as a response (The Delta Plan as a response (van van DantzigDantzig, 1956, 1956) ) 

–– Thinking based on flood frequency minimisation (Thinking based on flood frequency minimisation (PP))
domination of engineering / structural solutions, domination of engineering / structural solutions, 
which are reaching their limitswhich are reaching their limits



The Netherlands: The Netherlands: 
a System of a System of 
Dike RingsDike Rings

57 major dike rings 57 major dike rings 
with differentiated with differentiated 
safety standardssafety standards



The vicious circle of guaranteed safetyThe vicious circle of guaranteed safety

–– Emergence of a stable, yet false Emergence of a stable, yet false ““absolute protectionabsolute protection””
feeling feeling 

–– Accelerated accumulation of economic assets behind Accelerated accumulation of economic assets behind 
the dikesthe dikes

This has resulted in the current situation whenThis has resulted in the current situation when……
……an unlikely, though an unlikely, though possiblepossible floodingflooding can turn into a can turn into a 
disasterdisaster, being a , being a ““low probability low probability –– high consequencehigh consequence”” eventevent



Specificity of Dutch situationSpecificity of Dutch situation

Especially acute are systemic and group risks Especially acute are systemic and group risks 

External factors:External factors:
Climate changeClimate change
-- rising sea levelrising sea level
-- expected increased expected increased 

precipitation and precipitation and 
critical peak flowscritical peak flows

Subsiding groundSubsiding ground
in the West of the in the West of the 
countrycountry



Shift to Risk approach to flooding IShift to Risk approach to flooding I

Current developments: Current developments: 
emerging shift from probability to risk thinkingemerging shift from probability to risk thinking

Risk = Probability Risk = Probability xx EffectEffect

Important to consider the interaction between the Important to consider the interaction between the 
overlapping in space overlapping in space 
–– water management system, water management system, 
–– physical infrastructure physical infrastructure andand
–– economic network.economic network.



Shift to Risk approach to flooding IIShift to Risk approach to flooding II

More attention to both More attention to both riskrisk components:components:

–– P (dike overtopping) P (dike overtopping) P (flooding)P (flooding)
Including dike failure mechanismsIncluding dike failure mechanisms

–– Growing awareness of flood consequencesGrowing awareness of flood consequences
Need for economic damage appraisalNeed for economic damage appraisal
Economic consequence modellingEconomic consequence modelling
Economic justification for longEconomic justification for long--term solutionsterm solutions



Economy as a networkEconomy as a network

Economy is a complex Economy is a complex 
interconnected system interconnected system 

A disaster imposes a major A disaster imposes a major 
shock, disrupting established shock, disrupting established 
balances, with which an balances, with which an 
economy has to dealeconomy has to deal

What now?What now?



A Disaster in Economic TermsA Disaster in Economic Terms

Major disturbancesMajor disturbances imply loss of connectivity in the imply loss of connectivity in the 
network, and thus are network, and thus are discontinuities.discontinuities.

Modelling of largeModelling of large--scale shocks is different from the usual scale shocks is different from the usual 
pattern of (marginal) analysispattern of (marginal) analysis

Rather, a new way of modelling of economic effects of Rather, a new way of modelling of economic effects of 
disasters, as well as of adaptations to the new thinking is disasters, as well as of adaptations to the new thinking is 
requiredrequired



Need for new concepts for disaster analysisNeed for new concepts for disaster analysis

Literature points out at room for new concepts:Literature points out at room for new concepts:
((Green 2002; de Green 2002; de BruijnBruijn 2004; 2004; MessnerMessner and Meyer 2006; Rose 2006and Meyer 2006; Rose 2006))

susceptibilitysusceptibility
vulnerabilityvulnerability
resistanceresistance
resilienceresilience
mitigationmitigation
adaptationadaptation
……



The New ConceptsThe New Concepts

There is no widely accepted  agreement There is no widely accepted  agreement 
about these definitions in the literature yetabout these definitions in the literature yet

We shall present our interpretation of some of We shall present our interpretation of some of 
the conceptsthe concepts



Some definitions ISome definitions I

SusceptibilitySusceptibility –– the degree to which an agent, premises or area are the degree to which an agent, premises or area are 
prone to hazardprone to hazard

VulnerabilityVulnerability –– the propensity of an object / system to incur damagethe propensity of an object / system to incur damage

ResistanceResistance (opposite of vulnerability) (opposite of vulnerability) -- the propensity of an object / the propensity of an object / 
system to withhold damagesystem to withhold damage

RobustnessRobustness (rather applicable to marginal shocks) (rather applicable to marginal shocks) –– the ability of an the ability of an 
object / system to stay unaffected facing a disturbanceobject / system to stay unaffected facing a disturbance

ResilienceResilience –– the ability of an (economic) system to cushion a shock, the ability of an (economic) system to cushion a shock, 
dynamically responding and adjusting in the face of a calamity, dynamically responding and adjusting in the face of a calamity, 
and to maintain its main characteristics, possessing and to maintain its main characteristics, possessing 
learning capacitylearning capacity



Some definitions IISome definitions II

PolicyPolicy--related concepts:related concepts:

MitigationMitigation –– aims at the reduction and control of a aims at the reduction and control of a hazardhazard
(including the reduction of susceptibility)(including the reduction of susceptibility)

AdaptationAdaptation –– aims at the improvement of a aims at the improvement of a systemsystem’’ss response response 
capacity (resilience), as well as at the reduction of its capacity (resilience), as well as at the reduction of its 
vulnerabilityvulnerability



Economic modellingEconomic modelling

Questions asked to modellers in the light of new challenges, Questions asked to modellers in the light of new challenges, 
exploring the economic side of disasters:exploring the economic side of disasters:
–– What is potential What is potential damagedamage??

How vulnerable are we?How vulnerable are we?

–– What are the possibilities to What are the possibilities to recoverrecover??
Recovery policy to steer economic restructuring (also taking accRecovery policy to steer economic restructuring (also taking account of ount of 
systemsystem’’s resilience)s resilience)

–– What are the possibilities to What are the possibilities to adjustadjust in advance?in advance?
Improve the protection as well as the capacity of Improve the protection as well as the capacity of 
an economy to absorb possible shocks an economy to absorb possible shocks 
(mitigation and adaptation)(mitigation and adaptation)



The proposed model IThe proposed model I

We offer a modification of an InputWe offer a modification of an Input--Output model: Output model: 
interconnectedness with geography componentinterconnectedness with geography component

Model based on scenario analysis rather than Model based on scenario analysis rather than 
predictionprediction

The model is suitable for inquiries on preventive The model is suitable for inquiries on preventive 
policy options and their interpretationpolicy options and their interpretation



The proposed model IIThe proposed model II

A threeA three--phase procedure (phase procedure (Bockarjova et al, 2004Bockarjova et al, 2004):):

1.1.Accounting for the immediate postAccounting for the immediate post--disaster situation:disaster situation:
disequilibriumdisequilibrium

2.2.Design of recovery scenarios:Design of recovery scenarios:
new equilibria new equilibria 

3.3.CostCost--benefit analysis (CBA) of various policy options:benefit analysis (CBA) of various policy options:
multiple preventive measures and recovery paths multiple preventive measures and recovery paths 
can be comparedcan be compared



The Model IThe Model I
1. 1. Derivation of the Derivation of the ““Basic EquationBasic Equation”” ((modellingmodelling disequilibriumdisequilibrium) ) 
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The Model IIThe Model II
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where where 
ZZ is the interis the inter--industry deliveries of goods and services;industry deliveries of goods and services;
FF is for the workersis for the workers’’ real wage bundles.real wage bundles.
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The Model IIIThe Model III
Assumption:Assumption: if sector if sector ii has lost 100has lost 100γγii percent of its capacity, also 100percent of its capacity, also 100γγii
percent of its work force is lost. Introducing percent of its work force is lost. Introducing γγii into [8], we now have:into [8], we now have:
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Reminiscent of an IReminiscent of an I--O system:O system:

[12][12]

Add elements rowAdd elements row--wise:wise:

[13][13]

[13] looks like an I[13] looks like an I--O system in equilibrium, but O system in equilibrium, but it is notit is not..
StrategyStrategy for the postfor the post--disaster recovery period modelling is required.disaster recovery period modelling is required.

The Model IVThe Model IV
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Modelling and PolicyModelling and Policy--makingmaking

The model is capable of analysing various options, both for recoThe model is capable of analysing various options, both for recovery very 
and for precautionary measuresand for precautionary measures

However, (political) priority setting is necessary for us as modHowever, (political) priority setting is necessary for us as modellers ellers 
to provide policyto provide policy--suited scenariossuited scenarios

For steering recovery, it is important to obtain a set of desiraFor steering recovery, it is important to obtain a set of desirable and ble and 
feasible scenarios in advance to be able to react efficiently infeasible scenarios in advance to be able to react efficiently in case a case a 
disaster strikesdisaster strikes

For precautionary policyFor precautionary policy--making, insight into the economic making, insight into the economic 
structure, vulnerability of an economy to a major shock and its structure, vulnerability of an economy to a major shock and its 
resilience potential are necessary to be viewed in the longer ruresilience potential are necessary to be viewed in the longer run n 
perspectiveperspective



PostPost--disaster recovery spectrumdisaster recovery spectrum



Recovery: a multiplicity of solutions Recovery: a multiplicity of solutions 

E’

Return to the preReturn to the pre--disaster disaster 
situation is a threshold for situation is a threshold for 
damage estimation. damage estimation. 

This also fits in the definition of This also fits in the definition of 
loss in terms of alternative costs: loss in terms of alternative costs: 

-- where the economy could have been, where the economy could have been, 
has the disaster not happened.has the disaster not happened.

-- gross measures of E(0) and E(1) can gross measures of E(0) and E(1) can 
be compared, like total production or be compared, like total production or 
value added.value added.



Adaptation and mitigation: Adaptation and mitigation: 
spatial and intertemporal choicesspatial and intertemporal choices



Adaptation and mitigation: Adaptation and mitigation: 
a CBA for precautionary policies Ia CBA for precautionary policies I

Government priorities in policy settingGovernment priorities in policy setting
-- Should everyone deserve the same level of protection?Should everyone deserve the same level of protection?

This may imply aThis may imply a policypolicy aiming at:aiming at:
-- spatial redistribution of economic activities within a country tspatial redistribution of economic activities within a country to o 

avoid damage in hazardavoid damage in hazard--prone areas prone areas 

-- improving countryimproving country’’s overall resilience to respond to a shock s overall resilience to respond to a shock 
(e.g., duplicating essential nodes in the economic network like (e.g., duplicating essential nodes in the economic network like 
lifelines)lifelines)



Adaptation and mitigation: Adaptation and mitigation: 
a CBA for precautionary policies IIa CBA for precautionary policies II

Government priorities in policy setting:Government priorities in policy setting:

-- Should we stick to the same policy of differentiated Should we stick to the same policy of differentiated 
safety standards?safety standards?

This may imply the increase of This may imply the increase of RISKRISK, unless strict , unless strict 
protective measures are taken (e.g., protective measures are taken (e.g., strengthening and strengthening and 
heightening the dikes around selected areasheightening the dikes around selected areas).).

Ultimately, this leaves us in the Ultimately, this leaves us in the ““vicious cyclevicious cycle”” of of 
guaranteed safety.guaranteed safety.



Conclusions IConclusions I

Understanding of hazard response and recovery are Understanding of hazard response and recovery are 
fundamental for  systematic damage (vulnerability) fundamental for  systematic damage (vulnerability) 
assessment.assessment.

Insights into the revival capacity of an economic system are Insights into the revival capacity of an economic system are 
essential for policy formation on disaster management.essential for policy formation on disaster management.

Vulnerability, resilience and adaptability lend themselves as Vulnerability, resilience and adaptability lend themselves as 
helpful means to helpful means to analyseanalyse disaster precautionary measures disaster precautionary measures 
aiming at the reduction of potential damage in the face of aiming at the reduction of potential damage in the face of 
potential calamity.potential calamity.



Conclusions IIConclusions II

Our adjusted IOur adjusted I--O model has good O model has good potentialpotential for the analysis for the analysis 
of structural breaks and policy measures for disaster of structural breaks and policy measures for disaster 
preparedness.preparedness.

The derived The derived ‘‘Basic EquationBasic Equation’’ brings brings structurestructure into the into the 
disequilibrium modelling for the immediate disaster disequilibrium modelling for the immediate disaster 
aftermathaftermath

‘‘Basic EquationBasic Equation’’ approach also allows to incorporate approach also allows to incorporate new new 
conceptsconcepts emerging in disaster analysis and to carry out emerging in disaster analysis and to carry out 
CBA of various preCBA of various pre-- and postand post--disaster strategiesdisaster strategies
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