	4th International Symposium on Flood Defence:         Managing Flood Risk, Reliability and Vulnerability                      Toronto, Ontario, Canada, May 6-8, 2008


	[image: image3.png]Institute for
Catastrophic Loss

Reduction —







COST-BENEFIT ANALYSIS TO DETERMINE efficient  FLOOD PROTECTION standards for THE NETHERLANDS
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Abstract: This paper describes the approach taken in the formal Cost-Benefit Analysis (CBA) which is being executed in the Netherlands. The aim of the CBA is to determine efficient safety standards for the protection against flooding. Since results are yet to be published in the Netherlands, they can not be presented in this paper. Therefore, the approach is illustrated with some figures for three anonymous dike ring areas. 
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1. Introduction

The basis for the current protection levels against flooding from the sea in The Netherlands was established 50 years ago. After the February 1953 flood in the South-Western part of the Netherlands, which killed some 1800 people and caused an estimated loss of 2 billion guilders (approximately 10% of 1953 GDP), the well famous ‘Delta Committee was’ formed to advise on large scale flood protection measures (resulting in amongst others the famous Delta works) as well as to propose legal protection standards. The safety standards for protection from flooding from the sea were drawn-up by the Committee in 1960 on basis of cost-benefit analyses (Van Dantzig, 1960) and have not been revised since then. Safety standards from flooding from lakes and rivers were determined some decennia later. Their economic basis has not been provided (RIVM/MNP, 2004). 

About two-third of the Netherlands is flood prone. Current safety standards range from 1/1250 per year for the upstream parts of the rivers Rhine and Meuse, to 1/10000 per year in the most densely populated areas of Central Holland where major cities like Amsterdam, The Hague and Rotterdam are located, see the following figure.
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It is common knowledge that climate change and socio-economic development cause the vulnerability to increase. It is estimated that the potential damage from floods has increased in the last 50 years by 500% to 1000%, while safety standards were not adjusted during this same period, and that the potential flood damages will continue to increase at a rate of approximately 2% per year in the next decades. Flood probabilities tend to increase in the middle climate scenario at an average rate of 1 tot 5% annually (Eijgenraam 2005). As a result, flood risk will increase between 3% to 7% annually. Hence re-examination of the existing level of legal safety standards and flood management strategies seems more than justified. This is one of the key issues at stake in the project WaterVeiligheid 21e Eeuw (WV21; Water safety for the 21st century) being executed by the Dutch Ministry of Transport, Public Works and Water Management.  Within this context, a CBA is being conducted to derive optimal protection levels. First results of the CBA are expected in 2008 and final results are due by 2010.

2. why do we NEED A MODEL?

The assessment of optimal safety standards follows a mathematical approach. The model seeks an optimal investment strategy in dike enforcements. ‘Optimal’ in this context means that the total investment costs and the expected flood damages are to be minimized over the long-term horizon. The investment strategy should not only answer the question of when to invest, but also on how much to invest. The question of ‘when to invest’ arises from two reasons: flood damage increases more or less in line with economic growth (hence increasing safety standards over time are economically desirable) and the likely consequences of climate change (rise in sea-level and increase in river discharges). The question of ‘how much’ to invest arises from the fact that measures have both fixed and variable costs. An optimal design needs to be determined whereby economies of scale are balanced with interest costs. The theory behind this general model has been developed by C.J.J Eijgenraam (2005).

The model described by Eijgenraam is what we call the “simple” model, because it can only deal with dike ring areas which can be characterized as one uniform entity. In this model only one cost function and one flood probability function can be used for a whole dike ring area. Using simple model, if we would consider  a period of 300 years and 150 amounts of potential dike heightening (ranging from say 1 - 150 cm a time ), this would yield 300150 = 10372 potential solutions. 
 In what we call the “complex” model, first described in Duits (2007abc), multiple segments in a dike ring can be distinguished, all with their own cost functions and flood probabilities functions.  This is a far more better description of many dike rings in the western part of the Netherlands. However, with e.g. 10 individual segments per dike ring, the number of potential solutions increases to 103264. This would require years to evaluate, even for the very fast computers. Hence, on request of the Ministry, the University of Tilburg is now investigating this matter to make it amenable for much smarter solvers (Hertog, 2008).
 We expect a new model by the end of the year 2009, in time for our full fledged CBA. Meanwhile, we have to do with the simpler models like those of Eijgenraam or Duits.

Optimal safety standards are derived from the basis of optimal investment strategy. The concept of the safety standard (Pmiddle) is described in the paper of Eijgenraam and in Eijgenraam (2006)
. This optimal safety standard is the most import output of the modeling exercise but the model also shows the associated investment costs.

Besides the enormity of numerical calculations, there may also be a societal need for an optimization model that is more accessible. Protection from flooding in the Netherlands is an important social issue affecting more than two thirds of the total population. One should therefore be able to show rapidly how various parameters affect the model’s results, such as the choice of different discount rates, the treatment of individual’s risk-adverse behavior, the assignment of monetary value to human lives, and the assumptions in socio-economic and climate scenarios. 

Software called ‘OptimaliseRing’ has been developed to provide consistent information in order to formulate efficient flood management strategies based on varying scenarios and assumptions. In future, with the help of this tool, the economic value of alternative flood management strategies can be assessed (such as compartmentalization or other spatial measures which reduce the consequences of flooding rather than the probabilities of flooding).

OptimaliseRing is both available in Dutch and English. It consists of a user-friendly interface and a database in which all relevant data are stored. The interface shows a map of the relevant area and contains several screens where dike rings (for which calculations are to be made) and several key parameters can be selected. The output of the model takes the form of a map showing the calculated optimal flood protection standards, tables, graphs or detailed output txt-files. The model will be demonstrated during a session in Toronto.

3. USE OF THE MODEL IN THE CONTEXT OF WV21
Within the context of the project WV21, cost-benefit analysis is conducted in two stages. In 2008, CBA at pre-feasibility level is being conducted in order to provide a first indication on optimal safety levels as compared to current safety levels, as well as a rough estimate of the required investments  to reach those standards. In 2010, a full fledged CBA is to be conducted in order to provide a more thorough analysis of optimal safety levels. Results of the CBA 2008 are yet to be published in the Netherlands; therefore we cannot disclose them in this paper. We use some results of the CBA here by referring to them as ‘river’, ‘coastal’ and ‘lake’ dike rings. We hope to be able to present more results during ISFD4 in Toronto, Canada.

Key-data 

In order to fill the model for the 2008 analysis, data was needed on flood damages (both direct and indirect), expected number of casualties in case of flood occurrence, flood probabilities as well as investment costs. Hereunder, we illustrate the key data for the three sample dike rings. 

Key social data is provided in table 1

	Nr
	Name
	No of inhabitants
	Expected 
material flood damage (M€)

	Increase in flood damages(middle scenario, in % per year)
	Expected number of casualties

	
	
	
	
	
	

	1
	River
	360.000
	4600
	1.9
	33

	2
	Lake
	60.000
	2800
	1.9
	42

	3
	Coast
	113.000
	10700
	1.9
	126


Table 1. Key social data for the dike rings

Data on the safety standards is provided in table 2.

	Nr
	Name
	Legal safety standard)

	
	
	(1/year)

	
	
	

	1
	River
	1250

	2
	Lake
	4000

	3
	Coast
	4000


Table 2 Legal safety standards for the dike rings

Key cost figures are presented in table 3.

	Nr
	Name
	Required dike heightening in order to reduce flood probability by a factor 10
	Investment cost (in million of euro) in order to heighten the primary defenses with

	
	
	cm
	25 cm
	50 cm
	75 cm
	100 cm

	1
	River
	79
	167
	259
	368
	496

	2
	Lake
	56
	55
	78
	101
	125

	3
	Coast
	88
	73
	84
	96
	107


Table 3. Key cost figures for the dike rings

Economic parameters

Various other  issues have to be addressed in CBA. For economists, the more interesting probably are:

· the discount rate;

· risk aversion;

· economic effects of flooding (other than physical damages);

· non-priced flood protection benefits, including the value of a statistical life (VOSL).

In the Netherlands, the risk-free discount rate is set by the Government. Recently, it was adjusted downwards from 4% per year to 2.5% per year. Since the model uses the first year rate of return (FYRR) criterion in its optimization routine, there is no mark up for the discount rate needed for so called macro-economic risks, at least not as far as the discount rate for the investment costs is considered. The issue for using a higher discount rate for the discounting of future flood safety benefits, however, has not yet been resolved. For the results in this paper, we have used for both the discount 2.5% per year..

The second issue concerns the question if and how to included risk aversion. The argument here is, that in the absence of damage compensation by the government or private insurers -  individuals’ willingness to pay for flood protection is likely to be much higher than expected damages (probability multiplied with damages). Simply put, this stems from the fact that most individuals can not afford to loose their homes in case of flooding.  In the presence of damage compensation by the government or of flood damage insurances, however, it is less obvious if a risk premium (willingness to pay minus expected damages) should be included, and if so, what value it should take. In the present CBA, we have assumed that the majority of flood damage will be compensated for. Since the issues has not been resolved, for the moment, we have refrained from including any risk premium in the CBA.

Most flood damage models have difficulties in estimating the economic consequences of floods that are other than material damages. Those consequences include both the direct and indirect interruption of production or consumption. Damage models in the Netherlands are not yet capable of providing a sound overall estimate of those damages. 

The few available studies on large scale disasters in industrialized countries suggest ratios of direct and indirect economic damages over material damages of 13/87 to 50/50 (see IPET 2007, RMS 2005,  OECS 2005). Therefore, a mark-up on the for our study provided flood damages was used to include those indirect effects as well as other effects which are not in our damage model (e.g., clean up cost, costs of traffic jams, etc.). In total, this mark up was 50% of the damage figures provided in table 1. 

Non-priced flood protection benefits include amongst others, the psychological damage caused by flooding and the (monetary) value of a statistical life. For the latter, in road safety CBA’s  in the Netherlands, a value of 2.2 million euros is used. Although there are indications that other values may be applicable for the case of flooding, any scientific basis hereto is lacking.
 For other non-priced food damages, an average of 5000 euro per person affected is used.

4. PRELIMINARY RESULTS

We have formulated one set of assumption which we call the base scenario. Ten alternative sets of assumptions were also defined. Pragmatically, we have used those alternatives to derive upper and lower bounds for our estimates of efficient safety standards. 

Within the report, the results are both presented in a map (the base scenario) and a graph (base scenario indicated with a (). For the safety classes, we have based ourselves on the colors and classes as given in figure 1, the figure which is well-known amongst professionals involved in flood management in the Netherlands. For the sample dike ring areas, results look as follows:
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Figure 2: Results for 3 dike ring areas

What we see from this figure are optimal safety standards for: the ‘lake’ dike ring of 1/4000 per year, the ‘coastal’ dike ring of 1/40000 per year and of 1/2000 for the ‘river’ dike ring. Although the flood damage in the ‘river’ dike ring is much higher than in the ‘lake’ dike ring (table 1), the investment costs in the ‘lake’ dike ring are lower (Tabel 3) resulting in a higher optimal safety standard for the ‘lake’ dike ring.

What we also see from the figures, is that there is a large uncertainty bound around our estimates of optimal safety standards. This may also be attributed to the (favorable) fact that we have little flood event data in the Netherlands.

The results of the calculations were also verified using the following short-cut equation for the optimal safety standard. This equation was derived by Eijgenraam (2008).

[1]
Optimal safety standard  = St* / Vt

Where
 St* is the optimal level of flood damage and

Vt is the total value of wealth in the dike ring in year t.

St* can be calculated as

[2]
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Where:
I(x| Δlog P(x) = -1) are the costs necessary to lower the flood probability by a factor 10.

δ is the discount rate

We have used formula [1] and [2] to check the results of our model. This yields the following graph.

[image: image2.emf]100

1.000

10.000

100.000

1.000.000

100 1.000 10.000 100.000 1.000.000

Optimale return period (model)

Optimal return period (direct formula)

Equal Difference factor 2


Figure 3: Cross-check on the results of the model

We concluded that our modeling results are logical. Results which differ by more than a factor 2 (above the dotted line) could (almost) all be explained by a sub-optimal definition of the safety standard for the complex model.

The financial implications for setting efficient safety standards were also derived from the model’s results. This was done over a fifty year period, by deducting the costs associated with climate changes from the total cost calculated by the model. It turned out that an efficient adjustment of safety standards may require a investments of several billion of euros.

5. Futher work

More work on the modeling and required data remains to be done before the final CBA can be prepared in 2010. Also other approaches for determining optimal safety standards have to be developed e.g. safety standards based on the expected number of casualties as we see in the spatial planning domain,  especially since casualties have a limited effect on the results of the CBA (compare the figures in table 1 and multiply the number of inhabitants by 5000 euros and the number of casualties by 2.2 million euros to see their relative contribution to the total expected flood damage).
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�  In a complementary paper Carel Eijgenraam presents the scientific foundation for a flood protection policy which is optimal in the sense that it maximizes social welfare.





� We need a longer time horizon in order to determine the optimal investment size, even if we are only interested in the solutions for the coming decades or so.


� Approaches like Dynamic Programming and Mixed Integer Non Lineair Programming are now being evaluated.


� Online available in English. See � HYPERLINK "http://www.cpb.nl/nl/pub/cpbreeksen/discussie/62/" ��http://www.cpb.nl/nl/pub/cpbreeksen/discussie/62/� 


� In this paragraph, we have chosen to present some simplified expressions for the data. The expressions of the data within the model are more complicated.


� 1 euro = 1.58 USD = 1.61 CAD


� The Free University of Amsterdam is executing a study on the VOSL within the context of flooding. Results are expected by 2009.


� Monte-carlo like approaches can not be implemented at this time due to the increase in calculation time.
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