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Summary

The research was triggered by changes in the goesehsector regarding the average size of
the greenhouses. This paper is summary of the ingfabe changes on the risk profile and
related risk financing methods provided by the rasge companies.

The main research objective was to perform risklyais to investigate risk financing
opportunities for large greenhouses in the Nethdda

First, the study focused on the analysis of theemneuse sector. The sector is created by
approximately 8,600 greenhouses which own 10,50flahes under glass. Although the
number of hectares is increasing slowly (due td& laicland), the number of greenhouses is
decreasing rapidly. It is expected that it will cead200 greenhouses in 2015. The related
average size will get doubled (from current 1.2216 hectares). Additionally, some of the
greenhouses will rise to very large size (aboveh@&tares). Furthermore, greenhouses are
expected to remain concentrated in one place (Afebtl

To investigate current insurance practices theysamdlyzed few cases of insurance contracts.
Cases were compared in order to give insight iepdacement values of greenhouses as well
as related premiums. The main conclusion from thelyais is the complexity of the
insurance contracts with many perils, categoriescoVerage and different types of
greenhouses and equipments. In general premiumthdéogreenhouse range from 1 up to
2.5%0 and for crop even up to 4%.. The value of progpis calculated based on replacement
value and for crop based on the average yearlypvem

The main part of the research was performed frak perspective. The main perils were
chosen for analysis (wind, hail, biohazard anddlog). A Monte Carlo simulation model
was built for each peril and the loss functionsevestimated. The functions were combined
to provide a general picture of the risk exposui@s greenhouses. Additionally future
scenarios were developed to investigate the infleet increasing size of the greenhouses on
risk profile. It was concluded that in current metrkonditions the expected annual losses are
almost 7.3 million EUR. Windstorm losses are resae for vast majority of that amount
(above 6 million EUR). Other perils despite largelividual damage have small scale of
occurrence which makes them much less significBldoding, despite the large possible
value of losses, has very small probability of ooence what keeps the expected annual
losses low. Additionally, future scenarios showeat the expected changes in the greenhouse
sector will have a significant impact on the risjpesure. The results of the aggregated model
showed that the increase of the annual losses upOtanilion EUR can be expected.
Moreover, the magnitude of damage per extreme sy@nt0, 20, 100 years) is expected to
increase.

The results from insurance contracts and risk amalyere combined in risk financing part.
The main conclusion derived from the investigatingk financing method is that the

individual risk of greenhouses is to large for dnredurers to handle. The value at risk might
reach 100 million of EUR which is very large valmecomparison with the values paid by
greenhouses in premiums. Insurance company needg imsurance policies to be able to
effectively pool the risk.



Such high individual risk is an opportunity for roduction of alternative insurance product
like coinsurance. However the research indicatatd dcbmplexity of the greenhouse insurance
contracts is an obstacle for introduction of suakdpct.
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1. Research description

1.1 Introduction

The Dutch glasshouses sector is subject to lomg $gstematic changes. Whereas in general
the farm area in the Netherlands is shrinking (@uehanges in land destination, mainly for
housing) the area of greenhouses shows rathercagasing trend. Its total area size reached
almost 10500 hectares in 2005 - an increase ofiaG¥e last 20 years (CBS, 2006).

In contrast to the area size, the number of greesg® is permanently decreasing. This
applies to the whole horticultural sector — vegltallower and pot plant farms. Farmers
deciding to stop their businesses, most oftentkeir greenhouses or land to others, who
want to expand their farms. In this way the avergggenhouse size is increasing sharply in
all sectors. It reached 1.2 hectares in 2005 amxpected to grow to 2.5 hectares within 10
years (Berkhout and Bruchem 2006).

The advantage of such an increase is achievingrl@asts per unit, mostly labor costs
(Berkhout and Bruchem 2006). Greenhouses are fa@westek for ways to decrease costs
because of intensification in international como@ti (mostly from Mediterranean countries
with their warmer and brighter climate) (Lansinkda®ezlepkin, 2005) and a sharp growth of
production factors’ prices (like gas and energy).

Moreover, small farm size has been a main barerimhproving technology adoption,

productivity and efficiency. It has also been a anajause of inefficiency in the marketing
chain since it requires many layers of intermedmbetween producer and retailer (Dimyati,
2005).

As a consequence, the number of large greenhosigeswing when compared to the number

of small ones. Some of them are achieving sizesezhing the normal glasshouse size to a
great extent. The so-called “mega farm” term isduee glasshouses bigger then 3.5 hectares
(Berkhout and Bruchem 2006). However, there is m@areiasing number of glasshouses

achieving a size over 20 hectares (ING, 2007).

The fact of these new types of very large hortigeltholdings is both a problem and an
opportunity for associated companies, such as amser firms. The values of property,
investment expenditures or energy costs can bemen®. That is why large glasshouses
require new types of risk management solutions. él@r, with respect to the insurance
products, the current portfolio does not seem tioiothe changes in the market and often it
does not seem to be suitable for the large glasgsolrrom the point of view of an insurance
company, due to the large value of the assets atahipal risk, the expected losses can easily
exceed the value of premiums. Thus, it is importardnalyze the risks of large glasshouses
to be able to adjust the current insurance offer.

1.2 Research objective

The main problem that triggered the research wasnitreasing size of the greenhouses and
the related changes in risk profile. That is whysitinteresting to investigate how these
changes will influence the level of exposure ancatndnswer can be proposed by insurers.



The main research objective is theninvestigate the opportunities for improvemen@aof
insurance offer for large glasshouséhis main objective was divided into two congiste
sub-objectives:

« To analyze risks involved in the greenhouse agducel by investigating the
characteristics of the glasshouses and perils.

» To analyze opportunities for risk financing inclngicoinsurance product by comparing
discovered risks and current insurance offer.

Although most parts of the study relate to the Rd#nds as a whole, some parts are made
with an assistance of the ING Risk & Consultancypkyees and correspond to the situation
of the company in the greenhouse sector.

1.3 Research questions

Research objectives were divided into more spegifestions:

(1) Market analysis of the greenhouse sector

What are the characteristics of horticulture glassles farms and the glasshouse industry?

- What is the overview of the market in terms of simember and location of farms?

- What are the characteristics of ING Bank clients€ptial insurance receivers) comparing
to the whole market (ING portfolio analysis)?

(2) Current insurance offer
What are the common practices for insuring greeséstl
- What is the current offer of ING?

(3) Risk analysis and risk modeling

What are the risks for the glasshouses?

- What are the potential threats provided by literand empirical research?
- What is the frequency of losses for each threat?

- What is the severity of losses for each threat?

(4) Risk Financing

How the risk can be financed?

- What are major conclusions from the risk analysis?
- Is there an opportunity for coinsurance?

1.4 Materials and methods

Research assumed using different sources of miatésraall four chapters of the project.

(1) Market analysis of the greenhouse sector

The information about glasshouses is widely acbéssA description is made based on the
data from CBS, LEI databases and academic jourRalshermore the ING market share is
described.

(2) Current insurance offer



To discover common practices for greenhouses’ arsig specific cases of insurance
contracts are analysed. The main output of this ipaludes way of valuing property, range
of insurance premiums and deductibles standards.

(2) Risk analysis and risk modelling

The research strategy assumed identifying the msknperils and analyzing the probability
and severity of losses per each peril separatayr Fhain perils are analyzed — that are
windstorm, hail, flooding and biohazard risk. Deeldck of historical damage the input data
to the risk model is based on scientific literatangl insurance companies’ reports. The model
makes use of the catastrophic models methodoldggstimates separately frequency of
occurrence of certain type of damage and the validamage per each occurrence. Because
of different input data provided by literature thpecification of the model differs between
perils. The general description of the way of eation is presented at the beginning of
chapter 4 and details are described by each pepdrately. After partial estimations the
conclusions will be summed into a consistent petfrthe relevant risks.

(4) Risk Financing

Conclusions are made base on results of the prewdanalysis. The comparison between the
current practices applied in insurance contractsthe results of the risk analysis is used to
formulate general conclusions about risk finan@pgortunities for large greenhouses.






2. Overview of the Dutch horticulture sector

2.1 A global overview of protected horticulture

Horticulture is a form of an agriculture productioharacterized by intensive usage of labor
and capital in relation to used land. This is emdlgcvisible in the case of the protected
cultivation of vegetables and ornamentals (cut @mnand pot plants). Its recent development
is the result of both technological improvement dahd growth in the demand for more
expensive, exotic products in every season, whghaiconsequence of the increasing
prosperity of a growing number of people. Cultigatin greenhouses (protected cultivation)
may be considered the most advanced form of crogyation. In fact, it is often described as
the “greenhouse industry” which emphasizes the mfletechnology and different the
character of the production then in other agrigelsectors.

Greenhouse horticulture offers the possibility @ay round production, higher yields by
better control of pathologies and climate and highater use efficiency then in any other
agriculture form of production. However, in spité e high resource use efficiency,
production in greenhouses is very intensive, wisligaificant environmental impact.

Protected cultivation ranges from row covers (sntathnels) to unheated and heated
greenhouses and is mainly concentrated in the texgatitudes. In 1999 the world’s total
protected cultivation area (small and large plagtimels and glasshouses) was estimated to
be 16 million ha with about 700 000 ha occupiedjisenhouses and large plastic tunnels and
900 000 ha occupied by low tunnels (Buurma, 2001).

The geographic distribution of protected cultivatishows different patterns for cultivation

under plastic or under glass. Asia has the largastentration of plastic greenhouses in the
world. The second largest concentration of plagjieenhouses is located in the
Mediterranean Basin, which includes several Souttofgean countries (e.g. Spain, France,
Italy, Portugal, and Greece) and countries fromtiN@frica (e.g. Morocco, Egypt) and the

Middle East (Israel, Turkey). On the American coatit, plastic greenhouses are mainly
found in Latin American countries and in Southeant® of USA.

World wide, the total area of glasshouses has bsgmated at 40 000 ha. The largest area is
located in Europe, in particular in the Netherlati@ 500 ha) but also other countries like
Italy, Spain or France posses considerable areash@®©American continent, glasshouses are
limited mainly to USA and Canada. The area of dglasses in Asia is small, but countries
like Japan and South Korea possess a consideratdeamd in countries like China the
glasshouses area is increasing (Buurma, 2001)

Traditionally the Netherlands has had a dominarsitipm in the international trade of cut
flowers. More then 50% of world export is tradedtlie Netherlands. However its rank is
being currently challenged by a growing number midpcers in several countries in Africa
and South America. Europe is the main destinati@raducts from Kenya, Zimbabwe, Costa
Rica, Spain and Israel which results in increasepmiition for Dutch producers (Wijnands
and Hack 2000).

Moreover, the Netherlands together with Spain havieading position in the export of
vegetables to the European market. Both countisesl to have a different growing season



and were supplementing each other in providinghfnesoducts all year. However, recent
knowledge and technology diffusion as well as opgrof the European market give new
opportunities for large producers like Turkey, Moro and Egypt and change the role of
Spain (Wijnands, 2001). Competition from these ¢oes results in deterioration of the

strong competitive position of the Netherlands aad have serious impact on the future of
Dutch vegetable industry. Nevertheless, not onlgatige — Dutch suppliers are strongly
involved in the development of the greenhouse sant&pain which provides benefits for

both sides (Velden et al. 2004).

2.2 General overview of the Dutch agricultural sector

Over 60% of the total Dutch area is defined asdffui.e. area with fewer then 100 addresses
per knf and with less then 10% built-up areas. Approxitiyataly 13% of the population
lives in these areas. Additionally Dutch agricudtuarea is shrinking as a result of
development and urbanization. This is taking platean expense of grassland which has
decreased 100,000 hectares over the last 10 yHEagsother forms of agricultural activities
like arable farming and horticulture are increadingir land usage (table 2.1). Additionally
Dutch parliament passed in early 2006 new Spatuicy? Document which expands the
possibilities for residential and small scale indatfunctions in the rural areas. Due to new
regulations and a large number of farms ceasing thgerations more non-agriculture
activities will continue to appear. Forecasts iatkcthat it can result in significant changes in
Dutch landscape (Berkhout and Bruchem 2006).

Table 2.1 Land use in the Netherlands

1995,/97 | 2003 /04 2003,/04 19496-2004
Type of land use {1,000 hectares) [in %] Change (%]
Grassland 1,336 1,226 36.3 £.2
Arable farming and horticulture a34 a5a 284 2.7
Greenhouse horticulture 13 15 QA 19.0
Wioadland 306 il6 94 a0
(Other areas of nature 160 182 5.4 135
Builtup areas 528 575 17.0 a.0
Roads and rabways 106 102 a0 1.7
Total land area 3,378 3,376 100.0 0.1

Bazed on satellit data.

Source: Berkhout and Bruchem (2006)

In 2005 the number of farms in the Netherlands esed by 2.5%. The average decrease in
the last 10 years was 3% yearly. The decline isiqudarly visible in intensive livestock
production (over 5%), greenhouse horticulture (at®®6) and dairy farms (4%). In general
since 1990 the number of holdings decreased by 334#r. The small farms are ceasing their
operations the most. The number of large farrmsase or less stable (table 2.2). However a
small proportion of the businesses continues tavgoma size that clearly exceeds the normal
family farm. The number of these so-called “megan& tripled between 1994 and 2004 but
still amounts to just 1.5% of the total. A lowemlt of 500 DSU (Dutch economic size) is
used as the reference point, equating to approgignd0 dairy cows, 12,500 pigs, 160,000
laying hens, 340 hectares of arable land or 3.3ahex of horticultural greenhouses. The
share of the mega farms in the total productioraceéyp amounted to almost 17% in 2004 (5%



in 1994), but their share in the total area renthimaited to 3.5%. This difference is brought
about by the fact that most mega farms can be fanrgieenhouse horticulture. The mega
farms are typically more than ten times bigger thhe average Dutch agricultural or
horticultural holding. The most important advantagjencreases in scale lies in the lower
labor costs per product unit (Berkhout and Brucl2896).

Table 2.2 Economic size of holdings

Agricultural and horticultural holdings
Economic size in Dutch size units (DSU)
Number of holdings, 3t020 dsus| 20to 70 dsus |70 to 150 dsus 150 dsus and
total more
Period absolute
1980 144 994 46 487 71 668 23 277 3562
1985 135 900 41 300 62 483 27 612 4 505
1990 124 903 40 022 56 525 23 439 4917
1995 113 202 32592 36 873 33 320 10 417
2000 97 483 27 706 29 405 28 644 11 728
2001 92 783 26 770 27 030 27 184 11 799
2002 89 580 25 696 25910 26 222 11 752
2003 85 501 25 026 25 052 24 445 10 978
2004 83 885 24 705 24 133 24 017 11 030
2005 81 830 24 358 24 076 22 836 10 560
© Centraal Bureau voor de Statistiek, Voorburg/Heer len 2006-10-14

The total agriculture complex can be divided intm tmain parts. The first one includes
processing, delivery and distribution of domestgei@ulture raw materials, whereas second
contains delivery and distribution of imported agtiure raw materials (e.g. tobacco). In
2004, the total economic activities relating to dwggiculture were responsible for 9.3% of
total national added value and for 10% of naticgraployment. Both values are gradually
declining. The production and processing of domsestw materials were responsible for
more then half of it - 5% of value added and 6%mployment. The detailed division of this
percentage by production type is presented in 2l3le

Table 2.3 Dutch agro-complex by production type (%)

Gross value added Employment

2001 2004 2001 2004
Arable farming 22.0 19.5 20.5 18.1
Greenhouse horticulture 20.1 22.0 16.0 17.5
Open field horticulture 7.8 8.4 8.7 9.9
Grassland based livestock production 27.6 28.3 31.3 32.9
Intensive livestock production 22.5 21.9 23.5 21.6
Total 100.0 100.0 100.0 100.0

Note: Agro-complex based on domestic raw materials
Source: Berkhout and Bruchem (2006)

Arable farming and intensive cattle breeding shogeelining trend of theirs shares in Dutch
agro-complex. On the contrary, the greenhouse dutitire’s relative share is increasing. Its
percentage in national value added increased teelast years to 22% of the total value of
agro-complex and is larger then arable farming.

The Dutch agriculture complex strongly depends xjpoe. Between 1995 and 2003, export
was responsible for three quarters of both theevaldlded and employment in the part based



on domestic raw materials (Anonymous, 2004). Inmterof export surplus, Netherlands
comes second on the list of the international madmly behind US. The surplus in 2003
reached €20 billion. The greatest contribution hattvalue is made by ornamental crop
products (cut flowers and pot-plants) which accedntor €5.9 billion, followed by meat
(€2.5 billion) and dairy products (€1.9 billion)h& Netherlands is also the major importer of
meat and dairy products.

The destination of Dutch agriculture export is nhaiaU. In 2003 almost 75% of export was

sold on that market. The main receiver's placeaslitionally occupied by Germany (€6.5

billion) although its role is decreasing. Its pasitis followed by UK, France, Belgium and

Luxemburg. Additionally Germany, Belgium, Luxembuagd France are the main exporters
of agriculture products to the Netherlands.

Worth mentioning is the recent trend of the growmgmber of farmers who decide to
emigrate to or establish a holding abroad. Mostheim are dairy farmers (Leeuwen and
Tabeau, 2005).

2.3 Dutch horticulture sector

The production value of glasshouse horticulture mem (production, processing and
distribution) increased by 6% in 2005 compared@04£and accounted for almost €5 billion.
Together with mushroom farming greenhouse horticalhad 22% share of added value and
a share of 17.5% in employment of all agricultwsattor based on domestic raw materials
(table 2.3).

There are three main groups of horticulture prasluctegetables, cut flowers and pot plants.
In 2005 cut flowers accounted for 2,220 million EWRproduction value, pot plants 1,530

million EUR and vegetables 1,200 million EUR. Alalues increased comparing to year
before (table 2.4).

Table 2.4 Production value (million EUR) in Dutclegnhouse horticulture 1990 — 2005

1990 1995 2000 2004 2005 Change (%)
Greenhouse vegetabl% 1173 1067 1259 1100 1200 9
Cut floners 1480 1614 2036 2137 2 220 4
Pot plants 769 865 1149 1421 1530 8
Total greenhouse horticulture 3422 3546 4494 4658 4 950 6
Mushroons 182 245 316 265 235 -11

Source: Berkhout and Bruchem (2006)

Tomato, pepper and cucumber are the most impovigetables grown in the Netherlands.
The country is the third net exporter of these ta&gles in the world, after Mexico and Spain,
more of the 70% of the production is sold abroadinvteceiver of vegetables is Germany.
With regard to ornamentals products Netherlandeadargest auction of them and plays an
important role in world trade. The auction is atbe@ means for selling the majority of
domestic production. Approximately 90% of domesttoamentals find clients in this way.
From that only 10% goes to internal trade and #st is exported (Berkhout and Bruchem,
2006).



Total value of export of greenhouse products redd@E/ billion in 2005. That means an
increase of 5% comparing to 2004 (Anonymous, 2006).

The area of glasshouses has grown from 7,370 h@7h to 10,540 ha in 2005. It is expected
that it will continue to grow to 11,500ha in 201Betkhout and Bruchem 2006). The growth
Is mainly a result of an expansion of ornamentanplcultivation. In fact, the area of
vegetables shrank from 5,275ha to 4 430ha. Withéntegetable sector, the largest groups
are tomatoes with 1,380ha (compared to 3,000h®71)l peppers with 1,240 (less then 50
ha in 1971) and cucumber with 630ha (865ha in 191M1¢ area of cut flowers has multiplied
in the given period from 715 to 3,430 hectares.eRestill the most important flower with a
share of 25% of cut-flower area. However rose sertounder strong competition from
countries from Africa and has been recently deangasimilar situation can be observed in
case of chrysanthemum, the second cut-flower. yeest its area decreased by 12%. The area
of pot plants increased from 215 ha in 1971 to 3,83 in 2005. The remaining area of
greenhouses is occupied mainly by fruits and floladls — together they are grown on 755 ha
(Berkhout and Bruchem, 2006).

Table 2.5 provides the summary of the information area of glasshouses from CBS
(Statistics Netherlands).

Table 2.5 Area of horticulture holdings under gl4880 -2005

Area of greenhouses,
total (excl. fruits) Vegetables Ornamentals Fruits

Period hectares

1980 8 760 . 4041 56
1985 8 973 . 4 370 39
1990 9769 4 453 5283 32
1995 10 154 4 405 5715 34
2000 10 491 4 200 6 291 30
2001 10 492 4271 6 221 32
2002 10 500 4 287 6213 38
2003 10 468 4 320 6148 71
2004 10 446 4 359 6 087 40
2005 10 494 4 445 6 049 46
© Centraal Bureau voor de Statistiek, Voorburg/Heer  len 2006-10-14

The number of farms continues to decrease from8D3y91971 to 8,600 in 2005. According
to LEI, the largest decrease was seen in vegetablepanies - from 5,500 to 1,960 in the
given period. There were 2,765 cut flowers and @ 86t plants farms. Number of pot plants
companies was stable during last 35 years. In getie® number of greenhouses is expected
to fall approximately 3.7% yearly and reach 4 2@6rs in 2015 (Berkhout and Bruchem,
2006).

The result of the decline in the number of farmthes strong increase in the companies’ size.
The average size in seventies was less then Ot&rbdor ornamentals and almost 1 hectare
for vegetables. In 2005 these values were 1.3 dbrflowers, 1.4 for pot plants and 2.3 for
vegetables. It is expected that this trend will aemin the following years and greenhouses
average size will reach 2.5 hectares in 2015 (Barkhnd Bruchem, 2006).

The summary of the changes in number and areass$lgbuses is presented in figure 2.2.
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Figure 2.2.Area and number of horticulture holdingser glass 1971-2005
Source: Berkhout and Bruchem (2006)

Table 2.6 shows the changes in number of holdiegsegated by the size of the greenhouse.
The number of small holdings (smaller then 1 hejtes decreasing constantly during given

period in contradiction to the large ones. The nemdf holdings above 2.5 hectares grows
rapidly and has been doubled in the last 10 y&drs.number of greenhouses larger then 5
hectares reached 289 in 2005.

Table 2.6 Number of horticulture holdings by size

Horticulture holdings under glass, total

total [0,01t00,25ha [0,25t00,50ha p5t01,0ha 1t02,5 ha [25t05ha [5haand more
Period absolute
1980 15772 5 833 2 837 4571 2 295 218 18
1985 14 986 5473 2392 4299 2552 231 39
1990 14 413 4 945 2111 4 005 2951 341 60
1995 13044 4109 1862 3383 3183 422 85
2000 11 070 3188 1537 2595 2 905 695 150
2001 10 345 2 955 1361 2332 2784 735 178
2002 9 876 2 854 1211 2158 2674 766 213
2003 9 456 2 699 1166 2010 2 565 772 244
2004 8989 2 557 1122 1853 2402 797 258
2005 8 600 2442 1033 1754 2261 821 289
© Centraal Bureau voor de Statistiek, Voorburg/Heer  len 2006-10-14

Table 2.7 provides information about number of éangldings divided by type of production.
The majority of the greenhouses bigger then 5 hestare vegetable holdings. It can be result
of both - more capital needed to expand ornamedmiginess and more labor intensive
production of vegetables. Since main advantageamgfel size is lower cost per labor unit,
vegetable holdings have more incentives to expaddw@ore benefits of economy of scale.

Table 2.7 Horticulture holdings with more then Begtares
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Period: 2005

> 5ha 2.5-5ha
Greenhouse vegetables. Total absolute 166 352
tomatoes 77 103
cucumbers 19 61
peppers 42 128
other 22 59
Cut flowers, total 46 259
roses 12 74
chrysanthemum 17 72
freesias - 11
orchidaceous - 12
lilies 4 17
gerberas 3 21
other 7 37
Pot plants, total 40 101
pot plants for flowering 20 56
booklet plants 16 44
other ornamentals 27 72
Greenhouses, total 289 821
© Centraal Bureau voor de Statistiek, Voorburg/Heer  len 2006-10-14

Main concentration of glasshouses in the Nethedasith South Holland province, especially
in Westland (table 2.8). Almost half of the farmdosate their business there. The next
popular provinces are North Holland and North-Brab@round 10% of holdings for each
province). It is worth mentioning that the relatm@ncentration of large glasshouses is similar
to the whole industry. One exception is the faat this even more concentrated in Westland.

Table 2.8 Number of greenhouse holdings by sizel@ation

Horticulture holdings under glass
Total 0,01t00,25 |0,25t00,50 |05tolha [Lto25ha PR5to5ha % haenmore
ha ha

Region Period absolute
Nederland 2005 8 600 2442 1033 1754 2261 821 289
Groningen (Prv) 80) 28 13 18 16 4 1
Friesland (Prv) 72 31 12 11 6 7 5
Drenthe (Prv) 147 50 17 12 34 25) 9
Overijssel (Prv) 149 70 30 19 15| 11| 4
Flevoland (Prv) 106 14 4 20 44 16 8
Gelderland (Prv) 902 311 155 217, 156 49 14
Utrecht (Prv) 145 61 20 27 22 11 4
Noord-Holland (Prv) 1130 449 175 189 226 70 21]
Zuid-Holland (Prv) 3931 852 363 835 1270 452 159
Zeeland (Prv) 123 48 22 20 23 6 4
Noord-Brabant (Prv) 1 160| 374 150 225 277 92 42
Limburg (Prv) 655 154 72 161 172 78 18
© Centraal Bureau voor de Statistiek, Voorburg/Heer  len 2006-11-22

According to the Ministry of Agriculture, due toehact that greenhouse horticulture has
good prospects for future, government intends t@ go the sector a necessary space for
growth. One of the strengths of the sector is tse collaboration between farmers and
partners in the chain. Collaboration has a spatipect — the greenhouses are concentrated in
few main “greenports”. The current governmentaliqyols to sustain the concentration of
greenhouses since it can help facilitate new pestmgs and innovation. The Spatial Policy
Document designates ten agriculture developmerdsafer greenhouse horticulture. The
sector will get an opportunity to develop in thaseas (Anonymous, 2006)
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Despite these plans and many opportunities for desno relocate their operations Westland
will remain the largest concentration for glasstesug-or cut flowers and particularly pot

plants growers the close proximity of the auctiand trade is an important motive for staying
there. However they may start additional branchaside Westland. In general the vegetable
glasshouses are the most likely to move outsider{éRes at all. 2005).

Dutch horticulture is one of the most intensivarfarg systems in the world achieving high
level of output, using the newest technologies @@anova et al. 2001). In fact, one of the
reasons of success of that industry was a sharpase in production per3nresulting in
decreasing costs per output unit, despite risingeprof labor and land. However recent
market conditions puts producers in a new situatwamere declining selling prices exceeds
the decline in cost, leading to a decrease in pfofimany farms (Trip et al. 1996). Worth
mentioning is the fact that in contrast to the otectors, the incomes from outside the farm
in greenhouse horticulture play a less importalg even in small holdings.

In general, the sharp increase in energy pric@®@b was a reason for a decline of the profit.
It affected all three horticulture sectors, despiite increase in yield. The decrease was the
strongest in vegetable farms. On average its plufity fell from 91% to 88%. For cut
flowers and pot plants the profitability was at theme level as in 2004 — 91% and 95%
respectively. Taking into account the increasehim pirices of oil, the market conditions will
be even worse in the following years (Bont and £n#005).

On average, 30% of families working in greenhousas a negative income in 2005. On the
other hand, around 10% of them had income abov6.€00 (Berkhout and Bruchem 2006).

If the profitable companies invest the income irtHar improvements the gap between small
and large greenhouses will get bigger. The smalisfiouses, which do not bring profit, have
to decide about their future — either investmertigctv could result in crossing the break-even
point or ceasing the operations.

In last years, horticulture holdings have investadstly in lighting equipment, mobile
cultivation systems and robots.

Parallel to the increase in the average comparey thig changes also occur in greenhouses
ownership. There is a strong increase in compawids legal personality. This form of
activity has certain tax advantages and helps m@ifunds for necessary investments. In 2005
on average almost 20% of firms had legal personéiit flowers 18%, pot plants 26% and
vegetable 15%). What is more, there is a relatietwben farm size and an ownership.
Among greenhouses larger then 5ha, more then laak legal personality. In the group
between 3 to 5ha it is 37%, between 1 and 3ha - @i@b6at smaller then 1ha it is only 10%
(Berkhout and Bruchem 2006).

Because of increasing competition and rising prtdaocfactors’ prices the greenhouse
holdings are under strong pressure to expand thesinesses and achieve high level of
efficiency. However, in this industry the investrteeneeded for growth can be enormous. It
is one of the reasons for ceasing the operationsnwdll farms. Table 2.9 shows the
replacement cost for different type of glasshouses

Table 2.9 Replacement cost (EUR) for 6 types adsilauses (2 hectares)
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1 |Groente, buisverwarming, steenwol, recirculatie 1 437 800
2 |Groente, heteluchtverwarming 1 036 300
3 [Bloemen, buisverwarming, steenwol, recirculatie, incl. belichting 1 783 600
4 |Bloemen, buisverwarming, steenwol, recirculatie, geen belichting 1 306 000
5 |Potplants, roltafels, eb/vloed, recirculatie 2 073 600
6 [Potplants, betonvloer, eb/vloed, recirculatie 1 738 800

Source: Woerden 2003

2.4 Future of the horticulture sector

The future of the horticulture industry dependglominteraction of many factors, such as the
dynamics of demography, economic growth, advancescience and technology (Dimyati,
2005). Thus it is not easy to define the futuréhefwhole complex, dynamic system.

Before dealing with a particular segment it is imtpot to know what can be expected from
the sector as a whole in the following ten to &fteyears. Over that period the total
agriculture complex is projected to grow approxiehaby 14% (comparing to the 58% of the
Dutch economy). The employment level will decrebgever 12% mostly due to increase in
labor productivity (table 2.10). The number of hoggb is estimated to fall on average 3%
each year which means a fall of 30% till 2015 (Ayroous, 2005)

Table 2.10 Added value and employment in agricaltomplex in 2003 and 2015

Gross value added Employment
2001 2015 2001 2015
(1000 million €) (2003=100) (1000) (2003=100)

Agriculture complex total 23.7 114 369.9 87
Arable farming 4.7 109 75.7 85
Greenhouse horticulture 2.3 121 41.8 97
Open field horticulture 4.8 122 66.8 95
Grassland based livestock production 6.7 106 133.3 84
Intensive livestock production 5.2 114 79.3 87

Source: Ministry of Agriculture, 2005

Projections assume that all segments will haveesimathe growth of agriculture complex. In
most of them this growth will come mostly from pessing industries. The exception is
horticulture where development will be thanks tonary sector.

Exports will stay crucial — in 2015 almost 75% ofitbh agriculture production will go
abroad. Moreover internationalization will remamienportant trend and many entrepreneurs
are expected to invest abroad (Anonymous, 2005).

Prospects regarding fruits and vegetables are gmgii The sector produces high quality
products with advanced techniques and a small atradwrop protection products. Together
with sophisticated logistics and close markets ivtegl the sector a competitive edge in
international environment. The position can be orpd through more distinctive products,
economy of scale and better organization of mangeti

The biggest change in the sector is the increasilegof the large retailers. The three main
chains in the Netherland have already a 70% masketre. It is expected that the
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consolidation trend will lead to ten supermarketgins dominating the whole European
market for vegetables and fruits in 2010. Theseesuprkets have certain requirements
towards their suppliers which include a completegeaof products, certified quality and
advanced logistics. The Dutch horticulture has raamkable competitive advantage in that
field.

A further increase in scale is expected. The afe@egetable glasshouses will not change
much, but the number of farms is expected to falhalf over the next ten years. Some of the
projections assume that in future there will beyohd — 15 large vegetable providers that
thanks to collaboration and purchasing productshfatoroad will be able to provide all range
of fresh fruits and vegetables all year (Anonym@&g€)5s).

Worth mentioning is also the large number of tedbgical innovations being developed.
Innovations regarding cultivation, products, gremrde construction, climate control and
energy efficiency ensure the leading position ofddwhorticulture.

Prospects regarding ornamental cultivation are lamiThe most important trends in near
future are innovation in labor saving methods, gmeeost control and increase in scale. The
suitable spatial planning policy is required for tfuture expansion of the sector. The
Netherlands is the centre of the world trade inflawers and is therefore the leader in this
sector. It is expected that the organization of mharket will follow a similar path as
vegetables towards large ‘flowers providers’ whwiti do business all over the world and
provides all range of cut flowers. In this case dlnetions become less important. However it
is likely that providers will be mostly from Dutdlrigin which can strengthen the country’s
international competitiveness despite the decrgasgieaning of auctions. The enlargement
trend can also affect the pot plants sector dubdadact that providers would have to be able
to supply total package consisting of pot plantd eut flowers together (Anonymous, 2005)

Interview with Cees and Leo van der Lans, largeato®s growers

Cees and Leo van der Lans grow and package tomdtoes company has about 43 hectares
under glass at three locations in Maasland, Grarede and Rilland. According to their
opinion in ten or fifteen years there will be justenty tomato growers dominating the
market. They are certain about the future of thgetable industry — growth is essential.
Producers have to achieve certain scale to be wahial partner for the customers. They
expect scaling up to continue. Already the mayeertty tomato producers have a total| of
1000 hectares and another 80 the remaining 20@resct

The company established also production in Spainhe able to achieve the customer’s
requirements (they are a supplier of Tesco) andiym® tomatoes all year also in winter.
However, nowadays thanks to artificial lightingist possible to produce year-round in the
Netherlands too. In general, according to Cees danlLans the technological solutions
provides the Dutch horticulture a position not gtemed by any other country. His company
Is not using chemicals, the food safety standardsa the highest possible levels and they
are close to the markets. What is more, their rnlesed-cycle greenhouse consumes 30%|less
energy and represents a step forward in the gresehiechnology.

Source Ministry of Agriculture, Nature and Food QualiB005
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2.5 The ING market share

When analyzing the market share of ING in the figldhorticulture it is important to make a
distinction between the clients of the ING bank atidnts of the ING Insurance and Risk
Consultancy. The first group consists of the fasngho are looking for the opportunity to
finance their investments and establish contadtis thie bank to get funds. The farmers who
own an insurance provided by ING are in the seqmodp. To provide a full picture of the
market share and its perspectives in the insuraras&et it is crucial to describe both sets of
clients. The ING Insurance and Risk Consultancysdoet organize any other form of
marketing or distribution of their products themoilgh clients of the bank. Thus the market
share in loans is both the potential market andithigation for their insurance offer.

Although the ING bank has a strong position inletherlands, it is generally not considered
as a major player in agriculture. In fact, the agiture sector is traditionally dominated by
Rabobank. The market share of ING in agriculturessmated to be 5.9% in 2005. That
means 8,300 clients in primary and secondary settoe main competitors are Rabobank
with 79% and ABN-Amro with 15% of market share. Tharrent ING plans assume to
achieve 7% by the end of 2007.

In the horticultural sector the market share of Ild@pproximately 6-7% based on the total
value of loans and around 4% based on the numbfarms. The difference is a result of the
scope on the large agriculture clients. The mampetitors are Rabobank 80%, ABN Amro
12% and Fortis 3% - based on value of loans. &l 1bIG has around 350 horticulture clients.
The majority grows vegetables (185) which are taeat(50), peppers (50), cucumber (35)
and other (50). The others grow ornamentals (148)ch are roses (15), Chrysanthemum
(25), pot plants (30) and other (95).

Most of the ING clients are larger then 1.5 hedafgound 10 — 15 farms are bigger then 10
hectares.

The ING insurance had 296 clients in the end ob2@ahe whole agro sector who purchased

1622 insurance policies. The total number of bas#tions for the same period account for
5330 which gives only 5.55% of the exploiting oé ghossibility of cross selling.
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3. Analysis of the current insurance offer

The goal of this chapter is to introduce commorciicas used in insurance contracts in the

greenhouse sector. Classification of perils andsxpes were analyzed in order to provide a

framework for further risk analysis. Additionallgases of insurance contracts are presented
give insight to the insured values and premiums.

On Dutch market there are three main insurers whiokide policies for greenhouses. That
are Interpolis, Avero achmea and Delta Lloyd. Firgb are part of one financial group
connected with Rabobank. According to their agregnheterpolis is providing policies to
clients of Rabobank only (80% of the horticulturarket), whereas Avero achmea deals with
the rest of the greenhouses. That is why widelgsgible for all glasshouses (especially for
clients of ING) are only policies of two insurers.

Thus, 4 cases of Delta Lloyd contracts were chéseanalysis.

Delta Lloyd divides its contracts into two main gps. First one is ‘greenhouse’ which
provides coverage for greenhouse and propertyargteenhouse. The values of the property
are calculated based on replacement value. Thedagoup is ‘crop’ which covers losses of
turnover due to random events. The insured valuesbased on the maximum business
interruption and the average company’s turnovanflast three years.

Greenhouse
Standard contracts of Delta Lloyd describe greesb@erils by alphabetical letters:

CAR - construction all risk

A — Fire, thunder, explosion, implosion, and damfage plain accidents
B — A and storm, hail and snow pressure damage

C — B and escape of steam, liquids, precipitatemaige

D — “Droogstoken of ketelinstallatie” only with cdmmation with C

E — Other damage from external perils and faildrequipment

F — Vandalism, damaged and stolen property

G - Induction damage as a result of thunder

F — Damage from hail to garden centre from 1 AjoriB1 October

Class C is most common and is considered as sthodaerage.
4 greenhouses were analyzed. The summary of thpamugs is presented in table 3.1

Table 3.1 Summary of the four horticulture holdings

Location
Type
Size: (m2)
Crop

Case 1

Case 2

Case 3

Case 4

Waddinxveen

Venlo  Venlo

4,019 5,760
Gerbera

Bergschenhoek
breedkap
37,581
Orchid

Waddinxveen
Venlo
17,224
Roses

Hensbroek

breedkap breedkap breedkap bree. mit canteen

16,000
Flowers and Tulips

All of the available examples are unfortunately ftotvers what narrows down the scope of
the presented values. Summing up the first compasyabout 1 hectare of Gerberas, second
almost 4 hectares of Orchid, third 1.7 hectaressés and the next 1.6 hectares of different
flowers and tulips (in four greenhouses).

17



These four companies purchased insurance polices Delta Lloyd. The policies value all
the property of the greenhouse and calculate presiiased on premiums ratios. Premium
ratios differ due to differences in greenhousesstrantion specifications, covered perils,
location and size. In general Delta Lloyd speciBeparate calculations for greenhouse itself,
building and all installation inside greenhouse.eThverview of insured values of
greenhouses and buildings and premiums is presentatle 3.2

Table 3.2 Greenhouses and buildings insurance ¢asds

Case 1 Case 2 Case 3 Case 4
Type Venlo Venlo breedkap Venlo breedkap breedkap breedkap  bree. mit canteen Sum
Size: (m2) 4,019 5,760 37,581 17,224 16,000 16,000
Construction: NEN 3859 aluminum | NEN 3859 | NEN 3859 NEN 3859
Value: (EUR) 190,500  234,800| 4,298,300| 895,200 194,200 176,900 204,600 883,800 1,459,500
EE“L'J”:)EW ha 473999 407,639 1,143,743 519,740 - - - || 912188
Glass |C: (%) 1.17 2.7 - 1.4
house |E: (%) 0.13 0.23
F: (%) 0.09 0.09
G (%) 0.04 0.04
g;ie(;?;;;ﬁ ratio | ey 1.3 2.93| (c+G) 152| (C)1.4| (C.EG)1.80 (C,EG)144 (CEG)1.44 (CEG)1.44 1.50
Basis premium 24765  687.96| 6,533.42 1.253 367.03 254.73 294.62 1,272.67| 2,189.05
paid(EUR)
Value: (EUR) 144,900 1,115,000] 258,000 15,300 86,300 29,800 138,000 269,400
C: (%0) 113 1.06 1.25
F: (%) 0.13 0.09
Building G: (%o) 0.13 0.14
Premium ratio (C+F) 1.26 1.06 1.25| (C+G) 1.26 (C+G) 1.26 (C+G) 1.26 (C+G) 1.26 1.26
paid(%o):
Basis premium 182.57 11819 322.75 19.27 108.73 37.54 173.88|  339.42
paid(EUR)

Values from insurance contracts
* - own calculations

The first conclusion from the table is that theumesl value of a greenhouses ranges from
approximately 400 thousands to 1.15 million EUR pectare. The source of difference is
complexity of the building. This one is a consequemf the year of construction. The
younger the glasshouse, more complex it is andehiggplacement value it has. The cheapest
one is not only the oldest but also its constructbased on cheaper aluminum (and more
fragile).

Premiums can not be compared straight forward dukfferenced in desired coverage. Only
contract for the first company was available witldiional information about premiums per
different coverage. The rest provides only thelfim@mium paid. Although the premiums
differ between companies, it can be seen that theige is between 1.17 to 1.50 %o for the
basic coverage (C). The one exception for the segwaenhouse in case 1 is due to more
fragile construction of this warehouse. The basenpum rate is 2.7 %o in that case.

The insured buildings are much different in termhsine or usage for each company, that is
why cannot be compared straight forward. Insteadegg summary can be done about
premium ratios. In case of buildings they are gliglower then in case of greenhouses. It
supports the conclusion that greenhouses are mpuosed to external damage then buildings.
Premiums ratios range from 1 to 1.25 %e.

The analysis of the installations and equipment sagarated from the previous property.
Companies differ greatly in terms of installatichgy have. All of them have heating and
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watering systems but complexity of these systemsy.vAdditionally only in case 2
companies has cooling system, heating centre amghlea internal transport system. That is
why only general overview of the values is preseiftable 3.3). More detailed comparison of
the installations and related premiums is in append

Table 3.3 Installation and equipment insurance sargm

I case 1 case 2 case 3 case 4
Value: (EUR) 743500 9,916,400 1,424,600 949,300
Istallatio| Y2/U€ Per ha 760,303 2,638,674 827,102 593,313
oo |EURY
equipm [Premium ratio 2.39 1.71 1.78 2.49
ent paid(%o):
Basis premium
oad(EUR) 1780 16,954 2,532 2,359

Values from insurance contracts
* - own calculations

The differences between premiums ratios are hitjtesr in previous cases. However it is due
to variations in chosen coverage between compadempany 4 chose for many perils
insured whereas company 2 stayed only with baseq(Gi.

In general it can be concluded that company 2gsifstantly different. Its insured value is
few times higher then other ones.

All of the above insurance contracts included basin risk. Basic own risk includes

deductibles of 1% of damage with minimum 675 EUR amaximum 1,000 EUR in case of
hail wind or snow damage. For damage from perithée are no deductibles. For all other
perils deductibles are 225 EUR

Crop

The second group of policies is insurance contrmterop. Delta Lloyd has a clear policy
for valuing crop in the glasshouses. The commowtizais to draw average turnover from
last 3 years. This value is adjusted by maximunnass interruption period to calculate the
value at risk. Maximum business interruption is timee needed to restore production after
total loss to greenhouse (that means building agreenhouse).

Perils are described by alphabetical letters:

A — Fire, thunder, explosion, implosion, and damfage plain accidents
B — A and storm, hail and snow pressure damage

C — Water pollution

D — Brake down of heating

E — Yield insurance

F — Damage from wrong substrate (bottom)

H — Transport damage

| — Wrong plant materials

J — Wrong production factors delivered

For the analyzed cases the crop insurance sumsargsented in table 3.4.
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Table 3.4 Crop insurance summary

case 1 case 2 case 3 case 4
Type Gerberas Gerberas Orchid Roses flowers Tulips
area (m2 except Tulips) 4,100 5,700 37,000 17,224 16,000 | 6,000,000 (flowers)
max Business 15 15 15 10 1.0 1.0

Interruption (years)

value (EUR) 247,500 345000 | 15000000 | 1,400,000 500,000 | /80000 (013 per

Crops stuck)
value per hectare* 603,659 605,263 4,054,054 812,819 312,500
;2;’: per hectare per 402,439 403,509 2,702,703 812,819 312,500
Premium ratio paid(%):| (B+C+D) 2.57] (B+C+D)3.31 ® 1171 @®+c+D)3.80 (B+C+D)3.29 (B+C+D) 3.29
Basis premium 636.07 1,141.95 17,550.00 5,320.00 1,645.00 2,566.20

paid(EUR)
Values from insurance contracts
* - own calculations

Value of the cut flowers ranges from 300,000 td0Q,800 EUR per year, per hectare. This
value depends on the type of the flower but alsthertype of production. Since it is based on
turnover more effective ways of productions (witigher yields) will result in higher
insurance value of the crop. This can be seen s® @ where modern greenhouse has
significantly higher value of flowers. The case @htains different way of calculating the
proper value. It is based on number of produceddts and their average price.

Business interruption ranges from 1 to 1.5 yeatsis Tactor is used in calculating the
insurance value.

Premium ratios range from 1.17 %o for perils B t8(Bfor perils B, C and D. These premiums
are positively correlated with the premiums for tilasshouse. It is expected that crop will
suffer more damage in more fragile greenhouse.

All of the above crop insurance contracts includaedic deductibles. Basic deductibles cover
5% of damage with minimum 675 EUR and maximum 2 2BR
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4. Risk analysis of glasshouses

4.1. Introduction - Definition of concepts

European Spatial Planning Observation Network @irtstudy on hazards in Europe used the
definition of risk which will be used in this paper

“Risk is a combination of the probability (or freency) of occurrence of a natural hazard and
the extent of the consequences of the impacts.

Risk = Hazard potential * Vulnerability(Schmidt-Thomé, 2006)

In this meaning risk is understood as expectecbbf®m random events.

All forms of economic activities are subject to twain types of risk:
» Pure risk, which involve a potential loss only amd generally viewed as incidental
(like fire loss)
» Speculative risk, which involve both a potentiad@nd gain, arising from
uncertainty about future consequences of compaaigidas (like price risk or
investment risk) (Gahin, 1967).

The framework of risk types is presented in figdre

The subject of this paper is limited to the manageinof pure risk.

| Risk |

|

credit risk and

counterparty risk

i

[ Output price risk | Input price risk —Damage to assets |

— Catastrophic losses to assets |

—— Commodity price risk

—| Liability to employees |

——Exchange rate risk

—{ Liability to 3rd parties |

—Interest rate risk

— Environmental liability |

— Employee benefits |

— Crop/Yield |

L—{Business interruption |

Figure 4.1 Framework of risk types
Source: Harrington and Niehaus, 1999

Management of the pure risk is a major concerrhéomhodern companies due to number of
reasons. First of all some of the risk involve sataphic losses to assets which are the threat
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to the continuity of the firm. Moreover protectitige firm’s property and personnel requires
expenditures of considerable funds increased ecmatlynby their opportunity cost. That is
why there is a need in any form of economic agtivd asses the threat of the incidental
losses in order to design a proper planning anopéimal protection.

Taking into consideration the desired outcome efrdsearch the main groups of exposures
were selected. Figure 4.2 presents the generalifatasion of pure risk for glasshouses

—1Risky exposure | Source:
—»|Property ——»{Equipment | Weather, Fire, Human cause

—»| Liability to employees |

—»{Liability }——»|Liability to 3rd parties |

Diseases, accidents, law regulations

—»| Environmental liability |

—»{Crop/Yield |

—»{Crop/Yield | Diseases, Human cause

—»|Employees benefits | Group agreements

Figure 4.2.Pure risk exposures for glasshouses
Source: Own classification based on interview WG employees

Pure risk can be divided into few main groups.tForse is property damage. It is usually the
most frequent insured exposure. It is further dddichto categories
— glasshouse which means damage to the building {rselging from damage to single
glass to total glasshouse loss)
— equipment which is quite broad; it covers damageuverything (except crop) inside
the glasshouse (that is water installations, hgatistallation, robots, computers etc.)
— crop which means damage to the crop only; it copbssical damage as well as any
damage which make it impossible to sell productthermarket (any visual defects)

Next category is created by liabilities. Liabilgi@are understood as claims that company is
exposed to from other parties. It covers claimsnfremployees (for example in case of

accidents), from business partners for not futfglthe agreements and claims for harming the
environment. This point also includes liabilitidgat are results of bad quality or safety of

products as well as not sufficient production tiilflbusiness agreements (crop/yield).

The next category crop/yield can be also understmobbsses in production due to business
interruption. It covers losses in sales due to petidn lower then expected.

Employees’ benefits are separate category. It isantype of exposure. However it is often

combined with other insurance products, that is whg in this classification. Employees’
benefits cover all insurance policies that can tiered to employees from the glasshouse.
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Because of large amounts of policies company cawige them cheaper then the employees
separately

This paper focuses on property damage (and evéntuadiness interruption) as these ones
are considered as primary exposure for glasshotlibes.is why the perils which can result in
property damage are analyzed. These perils include:

* Windstorm risk

» Hailstorm risk

* Flooding risk

» Disease risk

The probability of damage occurrence and its camseces due to above perils is analyzed in
following parts.

4.2. Materials and Methods

Most popular method of modeling expected lossesi@yzing historical data on indemnities.
Based on past data the statistical methods areéedpjol discover the probability distribution
of losses and thus annual expected losses. Thismation is then used to design the
insurance offer and calculate premiums.

Due to lack of historical loss information which kea it impossible to use standard actuarial
techniques, this paper applies methods known fratastrophe models and combine it with
modeled indemnities from previous studies. Becaxigsarity of catastrophes, modelers were
forced to develop alternative methodologies of reskalysis. These methods combine
meteorology, engineering, biology and statisticd ather disciplines in order to provide the
most accurate estimations of likelihood of lossemfextreme events.

Catastrophe models are made of three main compznent
» Hazard component — which deals with the probabilibgation, magnitude and
intensity of events
* Engineering component — which determines the valnbty of the structure to
damage at a given level of intensity of the extrewent.
* Financial component — which takes as an input fiskancing solutions to
determine net losses for given level of damager{B2006).

The first, hazard component assesses likeliho@h@vent occurring, where it may occur and
how large it might be. For this part (re)insuremspdoy people with knowledge in appropriate

science of a hazard (e.g. meteorologists or bistegivho can interpret historical data on past
events (Born, 2006).

Monte Carlo technique is usually used to simulatare scenarios (Born, 2006). It involves a

simulation of a set of random variables (e.g. wapeged or barometric pressure) based on
their theoretical probability distributions. Didititions are developed form historical data. By

repeating the simulation process a sample of mamystands of years can be generated.

Engineering component assesses the particulart’sliéor group of clients) exposure to

damage from defined events. It consists of devafppidamage function which expresses the
relationship between the magnitude of the event daohage to the client's property. It
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requires information about characteristics of tlsse#s like building characteristics, used
materials, content. That is why it usually requiegperienced engineers who develop damage
functions for different construction types. The alinoutput of this part is a complete
probability distribution of damage.

The last component of the model consists of calianaf insured losses by applying specific
insurance policy for given level of damage. Polmynditions may include aspects like
deductibles, coverage limits and coinsurance arstgance terms. Output of the model is
then an optimal insurance policy for particularipéscation and client or type of property.

In general, risk analysis requires a large amodninfmrmation. Considerably amount of
multi-disciplinary and technical data have to bdemted, processed and analyzed. That is
why these types of models are created rather e [inancial institutions for commercial
purposes. The examples of such models are MRQWR&Storm, MRFlood (MunichRe)
RiskLink (RSM), EQEHAZARD (EQECAT), CATMAP or CLASI (AIR). These models as
well as data are not freely available (Westen, 2005

The other group of models consists of estimati@msnvhich data is freely available, but due
to complexity and large input data it is ratherfidifit to apply them in other parts of the
world then they were initially designed for (e.gAEUS for United States) (Westen, 2005).

Taking into account the lack of appropriate higtakidata and access to the above models,
this paper attempts to analyze the three compornisk analysis by review of the results
from scientific literature and applying basic teicjues of statistical analysis. This chapter
covers the first two components (hazard and engimge whereas the financial aspect is a
subject to the next chapters.

Because the type and amount of information in ditee is different for each peril it is
difficult to build general model. That is why thetienations are made separately for each
peril. The detailed description of the models ieganted in appropriate subchapter and the
summary is made at the end of chapter 4.

4.3. Windstorm risk

Storminess over the Netherlands and Europe andfiact on the insurance industry were
subject to many studies and are a major conceseveral institutions. It is hardly surprising
that especially the reinsurance companies suchwasdil Re or Swiss Re are very active in
developing models and finding future trends in thype of risk. For them the recent
increasing losses are a great threat for theiritpaofd existence. Their publications provide
draft approximations of future frequency of storamsl loss potentials.

Trends in storminess and possible climate changes \@ealyzed by number of studies
conducted at Royal Netherlands Meteorological tati Unfortunately different models
provide opposite results what make it often diffidar interpretation. The major findings of
these researches are summarized in this report.

Additionally due to lack of the historical data exdemnities this paper base some of the
findings on previous study (Asseldonk et al 2001)ich presents the description of the
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historical indemnities of the insurance company éfagje in years 1980 — 1998. The results
of the article are analyzed and discussed.

Types of hazard

In the world there are few main types of physiazivties that can result in wind damage.

The strongest of them are ‘tropical storms’ whiem dit large areas with wind speed up to
250km/h, in some cases even 300 km/h (they aredccdlurricanes, typhoons or tropical

cyclones then). Fortunately this type of storm#ia$ present in Europe. Instead Europe is
exposed to extra-tropical storms called also ‘wisterms’. The main difference is due to the
physical process by witch they are generated. Hwxbmcal storms are created in the

transition region between subtropical and polamatic zones i.e. in the latitudes between
about 35° and 70°. In these regions cold polamasses collide with tropical air masses
forming extensive low —pressure eddies. Naturdléyintensity of the storm is proportional to

the difference in temperature between the two aisses. Therefore it is at its greatest in late
autumn and winter when the oceans are still warmthe polar atmosphere is already

extremely cold (this is the reason why they arermrefl to as winter storms). The maximum

wind speed of extra-tropical storms is approximatel0 — 200 km/h but in under extreme

conditions may even reach 250 km/h. The storm @r@abe up to 2000 km wide (Berz et al.,

2001).

The other type of windstorm hazard are ‘regionarras’. Their occurrence is highly
dependant on topography. Example of regional steraiownwind that can be observed in
every mountain region in the world. In general ttygography dependency makes these kind
of event to occur always in the same places (fangle valleys) and with the same wind
direction. Netherlands is free from damage caugsettiib kind of threat.

Damage can be caused also by local wind which nergéed by the local difference in the
temperature (and pressure) of moving air masses.sfiiength of the wind is rather small
comparing to the hazards mentioned earlier. Neglr#is it may cause accidental and
individual damage (i.e. falling down an old tree)etMoreover these local storms can be
accompanied by thunderstorms which can inflict exi damage depending on the
vulnerability of the structures.

Other form of dangerous atmospheric activity idgtarm. Although the Netherlands is not

exposed to this type of risk as much as other pafrtEurope (e.g. South Germany or
Switzerland) still it can cause an enormous damegpeecially in horticulture sector. The

advantage of hail over the wind for the insurammustry is that hailstorm affects relatively

smaller area then the windstorm. Thanks to thatltreage risk is more amenable to pooling.
The hail risk is analyzed at the end of this chapte

History

Windstorm disasters (including storm surges) actdan about one-third of all natural
disasters throughout the world (by number, fatditand economic losses) but for more then
two-thirds of the corresponding insured lossemdans that there are responsible for a much
grater number of damaging events then any othestgh natural disasters. In last 10 years
damage of US$ 150 billion were caused all over weld (Berz, 2005). Regarding the
insured losses, wind in various forms dominates dtaistics. Among top ten insurance
payouts, nine are from windstorm category (figu® {Munich Re, 2006)
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Figure 4.3 Great natural disasters 1950 —2006
Source: Munich Re 2006

Among the other regions of the world, Europe is ohenost exposed area to wind damage
especially to extra-tropical storm. Figure 4.4 shothie geographical paths of the main
historical events in last century.

.rr 4, y

Average Mnnwal Loszs

Lo
Figure 4.4 Geographical pattern of risk in Europigh the path of low pressure centers for key histd events
Source: Risk Management Solutions (RMS) 2005

Based on the past events, ESPON created a maprghthvei potential exposure of the Europe

to the extra-tropical storms (figure 4.5). Map sBothat the areas more exposed to north
Atlantic experience higher threat of winter storri$ie majority of the damage occurs in
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overseas territories. The winter storm hazard fessawards southeast as the climate change
from Atlantic influenced towards more continent&letherlands belongs to the highly
exposed group (Schmidt-Thomé, 2001).
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Vary low probability for winter or tropical storms Sourcs; ESPON Data Base
| | Medium - high probability This map presents the approximate procability of having winter
- High - very high probability storms and tropical storms in Eurcpe
Mon ESPON space

Figure 4.5 Winter storm hazard in Europe.
Source: Schmidt-Thome, 2001

For many years winter storms with economic losses ¢ew billions U.S$ were considered

unlikely. That is why insurance industry was nagared for the series of windstorms that hit
Western Europe in late 1980 and early 1990. Thenattd economic losses were between
U.S$ 4 and 15 billion (valued at 1992 prices). Wieter storm Daria in January 1990 alone
caused economic losses around U.S$ 6.8 billionwhith U.S$ 5.2 were insured. In the

Netherlands these values were round 1.3 and Ollf@nbirespectively (Dorland et al 1999).

In December 1999 Europe was stroked again by twerseinter storms Lothar and Martin.
Lothar crossed northern France, southern GermadySavitzerland. The next day Martin
passed further to the south also causing heavegdasscentral and southern France, northern
Spain, Corsica and northern Italy. The losses \parealleled to the storms of 1990. 60 percent
of the roofs in Paris were damaged, 80% of builgling surrounding towns and countless
greenhouses were destroyed. Together Lothar antinMaused US$ 18 billion of economic
losses. From that 8.2 billions were insured.

According to Swiss Re these events have shownirteated storm losses of UD$ 7 billion
can be expected to occur in Europe every ten y@&aesch, 2000).
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Probability of occurrence

The main purpose of analyzing the recent stornts isstimate the most likely number of
events which will trigger the indemnities paymentke windstorm hazard may be described
by the probability of certain wind speed at a sfiedocation or the average frequency in
years needed to trigger defined indemnities. Usimgteorological data from the past,
statistical methods are usually applied to estintate return period of wind speeds at
individual weather stations. The additional sigrafit information includes the chosen
extrapolation method and the consideration of bsshanges in wind climate.

Lothar and Martin confirmed that insured storm é&sssn the billions are not infrequent.

Although Lothar in France and in Switzerland muiég the losses caused by 1990 storm
series, in Europe perspective the loss extent was rsurprise. Swiss Re predictions show
that losses over USD 1 billion are to be expectea ireturn period of 2 — 3 years. The
magnitude comparable to Lothar is expected to oewery 8 — 10 years. Moreover storm

losses in the order of USD 30 billions may occurawerage once every 100 years (Bresch,
2000).

In order to predict the frequency of windstorm otatherlands the historical records were
analyzed. Table 4.1 includes historical data astarims in Netherlands.

Table 4.1 Heavy winter storms over land in the Md#nds since 1910

Wr Yewr Deymonth Imensity Wr Yer Daymont Iiensity
[ Vi [ P
Bf msi ms Bi mE mi
1911 30110 11 LI 13 18d4F 13-13 11 w3
I 1917 178 10 n o4 16 1953 3LI-LT 1d Im o4
3001814 -1 o4 17 1960 201 ] M4
4 1816 131 10 n 4 18 1947 1710 1a Im o4
SO L B 11 I 1@ 1871 1311 11 moo4
G183 Q2-107 10 73 Wmoo1eT 14 11 wo o4
T lE G100 10 M 3 1 -1 11 w4
0l L1171 L 103 12 1d n 3
gl 13l 10 I 3 o1 Il 1d Im o4
1828 1511 10 B 37 Moo19 141 1d n i
IL 1938 410 10 L T I 1987 1410 1d o4
11 1840 I311-1411 10 L T LT e T R moH
13 1843 74-84 11 31 3 IToo1M0 342 ] R
4 1944 7% 12 - ¥oo1M0 252172 10 M4

Woo1man 2R2-13 1 M 3

4 Vysay = highest mensumed howrly mean wind speed
D {ay = hiphest measured pust speed.
¢ Estmated valuss Tom Swiss Re (1893,

Source: Dorland, 1999
Based on the historical records the frequency ofivetorm was divided into three categories:

« Storm in 18" Buford scale with wind speed means above 25 nusgast wind speed
up to 40 m/s. It occurs on average 18 times in&20's/
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+ Heavy storm in 1 Buford scale with wind speed means above 28 ndgyast wind
speed up to 45 m/s. It occurs on average 10 tim86 years

+ Very heavy storms in 12Buford scale with wind speed means above 32 ndgjast
wind speed above 45 m/s. It occurs on average iorR@ years.

It is assumed that each of these events will trigtzggnage to the glasshouses. The level of
damage is different depending on the type of event.

Climate change

Despite the economic importance of the storminessdfety and economy, little is known of
climate changes that can affect storminess. There icontinuous discussion between
scientists whether a number and magnitude of staemshanging and how can it be
influenced by greenhouse gases.

Global warming is a fact. Direct measurements iagicthat temperature is increasing on
average about 2.0 degrees Celsius per century.ugsism is now focusing on the
consequences of the global warming. However itosatear if it will lead to more storms
over Europe (Bersch, 2000). Number of studies eaaslucted to discover the systematic
changes in storminess in recent decades. Schiessal. (1997) reported a significant
declining trend in the number of storms in Switaed. Sweeney (2000) did not find any
significant trend in Dublin. The main critic of the analysis stresses that the trends might be
not reliable because of inhomogeneities in dateesend that the recent increase in activity
might be the result of natural long term variatigRsto et al. 2007).

In years 1994-1996 European Union's EnvironmentHed Waves and Storms in the North
Atlantic (WASA) project to verify or falsify hypo#sis of worsening storm and wave climate
in the Northeast Atlantic. In their major findinghey concluded that North Sea has
undergone significant variations on time scaleeof years. They noticed an intensification of
storms in last decades. However these events arparable with the intensity at the
beginning of the 20 century. They concluded that there is no evidericg/stematic changes
in storminess along Northwest coast and recennhsifieation can be explained rather by
weather variability. Part of the variability is fod to be related to North Atlantic Oscillation
(NAO) (WASA, 2003).

Interesting study was conducted by Smits et al0%2@vho investigated storm trend in the

Netherlands in 1962 — 2002. He analyzed the htsibdata from 13 weather stations and
separated weak (30 times per year), moderate ifi€stper year) and strong events (2 times
per year). The results indicated the overall des#da storms in last 50 years but also big
differences between particular stations (figurg 4.6
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Figure 4.6 Annual number of wind events for thredirkd levels of severity (weak, moderate, strofuy)
stations Hoek van Holland and Gilze-Rijen

Source: Smits, 2005

In general, the study shows an overall negativadtfer the Netherlands with larger decrease
for inland stations (except the Beek station fath® south) then the coastal one. Figure 4.7
shows the graphical trends for the Netherlandsgustatistical interpolation of the station
values. According to the map, storms’ number in tfdes is expected to decrease slightly.

Figure 4.7 Trends of annual number of strong wifzdgsmes per year)
Source: Smits, 2005

The authors of the article could not model the &vemore rare then 2 times per year because
of not enough number of observations. It decre#tlses/alue of the findings from point of
view of insurance company (the really dangerouseext events happen less then ones per
year). Nevertheless all groups of events (weak, eraid, strong) shows similar pattern of
change which can indicate the general rule fomsitogss.

There are few major hypotheses which aim to expteamresults of different studies on trends
of storminess and try to create the possible sasnaf future events.

First of the hypothesis suggests that variabilitytloe decadal scale is a normal feature of the

storminess (witch can be partially explained by actpof NAO index). Moreover, there is no
trend throughout whole period of last 100 years mawént increasing trend which started in
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1970 can be explained rather as function of decsahde variability rather then a product of
global warming (Dorland et al., 1999) Similar inééy was reported at the beginning of the
20" century which can be considered as a proof oftigpbthesis (WASA, 2003).

One of them takes into account the warming up dewim the oceans. Extra tropical storms
emerge when humid subtropical air masses mix wothler Arctic ones, thus the conclusion
have been made that warmer water will result inimgof the air further to the north. In fact
the trend has been discovered that the paths ofttrens tend to be moved slightly to the
north (Bresch, 2000). It can be an explanationtfe decrease in the inland storminess
discovered by Schiesser et al. (1997) and Smitd. €2005) and not significant change or
increase over the North Sea and Atlantic (SweeB690 and WASA, 1998). Most recent
study of Pinto at el. (2007) partly confirms thisebry of changing the geographical
distribution of the extreme events. It concludest Western Europe is expected to be more
exposed to the influence of extreme wind stormseunuiesent climate conditions, whereas
the decrease can be expected in lower latitudedaand the North. Additionally the study
discovered significant increase in the standardatien of wind speed which can increase the
increase the intensity of single events.

Among other studies it was proved that part of weather variability is highly correlated
with the North Atlantic Oscillation (NAO). NAO refe to periodic shifts in the relative
strength of the cell of the high atmospheric presswver the Azores and low pressure over
the Iceland. These shifts are most pronounced guwvinter. A standardized index quantifies
shifts as the difference between the cells thrdegiruary to December. If the Iceland low is
well developed, corresponding to, positive NAO ixdeesterly air flowing from the Atlantic
will be carried a long way into Europe. It crossles relatively warm waters and brings to
northwest Europe abnormally warm, wet, windy caondg, and dry, calm conditions to
southern Europe. Opposite, if the index is negatiesterly winds are blocked and cold sub-
arctic dominates the weather bringing conditiongniicantly colder but less windy
(Malmquist, 1999). Behavior of the index helps tgplain the high variability of the
storminess on small scale basis which was resplerfsibthe difficulties in trend researches.

The hypothesis exists that global warming couldease the NAO index by enhancing the
subtropical stream — that would lead to the ina@ezfsnumber of storms. However computer
models do not yet clearly indicate such behavioal(Wjuist, 1999).

What is worth mentioning, NAO index is linked toetlactivity of North Atlantic tropical
cyclones, but their relation is reversed then imoga. It creates anti-correlation conditions
between hurricane frequency and the European windstiuring following winter provides a
potential opportunity for diversification of a pfmtio.

The same discussion about future impact of glolzahving on storminess is also lead by two
major European reinsurance companies Swiss Re amdcM Re. Swiss Re predicts small
annual risk increase witch will lead to 60% chaoger 100 years. These expectations have
been already integrated in the companies undengrgystem. On the other hand, Munich Re
in official declarations agrees that winter stormdl become more intense over time,
however, they do not support the hypothesis ofeiasing number of storms, especially in the
nearest decade (Miller, 2007)

Summing up scientists come up with different oftemtradictory results about trends in
storminess. The most interesting results preseaibede were created by Smits et al. They

31



showed an overall negative trend in storminesNfetherlands. However their analysis was
based on the weather stations data from last 56 w#ailar to the one used for calculating

hazard component. That is why it is assumed that phesented trends are already
incorporated in the probabilities presented earli¢ius the results were not adjusted by any
expected changes in storminess frequency.

Vulnerability

Although the total damage arising from the lastraseems high, they were only a small
proportion of the exposed property.

Expected damage from windstorm is a function of oty wind magnitude but also the

vulnerability of a given structure. In common tecjues of property loss estimation

vulnerability is incorporated into the model by femain characteristics which describe the
features of the structures. Namely commercial agidential structures are divided into

building classes (From A+ for fully strengthenedCtdor not damage resistant). Each of the
building class has different damage function. Thesintommon features, which can be used
to indicate the proper class, are building ageldmg height, building occupancy and other
special considerations such as roof and windowtegtion (Chandler et al., 2001) and early
warning and precautions (Munich Re, 2002).

Because of predominantly massive construction dtlimgs in Europe, structural damage is
usually an exception even when speeds are high.maia types of loss involve damage to
the outside shell of the building like roofs anchdows. Also the recent trend of building
attachments like pergolas antennas makes themtjdiemore exposed to damage at high
wind speed then the building themselves (Municl28@2).

In general vulnerability of certain area to the dgmis a sum of two factors. First describes
the number of policies affected in case of windst¢scale). Second one described the
average damage per affected policy (scope).

In order to asses the number of affected policiegvent, study of Munich Re (2002) was
used. They analyzed the storms in 1990 and basedhamn presented general figures
describing vulnerability of the structures. Figdr® shows the curve of affected policies in
relation to wind speed (loss frequency)
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Figure 4.8 Loss frequency from storms in 1990 aNetherlands
Source: Munich Re, 2002

The above figure was used to read the loss frequanelation to wind speed (table 4.2). It is
expected that greenhouse highly exposed to windadarthe highest values were chosen.

Table 4.2 Loss frequency (%) for the given windexpor the case of storm in 1990 in the
Netherlands.

Policies afected wind speed: min most likely max
storm 126 - 144 km/h 10 12 14
heavy storm 144 - 162 km/h 14 17 19
very heavy storm 162 - 180 km/h 19 24 28

Source: Based on figure 4.9
The above range was used in estimation of expéu$seds.

The second variable required for loss estimatignavierage damage per policy. Due to the
fact that this information was absent in literafulee assumption was made about its average

value and range (table 4.3).

Table 4.3 Damage per affected policy (%o)

Damage per policy wind speed: min most likely max
storm 126 - 144 km/h 1 25 5
heavy storm 144 - 162 km/h 10 20 30
very heavy storm 162 - 180 km/h 20 30 100

Deductibles can results in significant decreaséos$ burden for the insurers. The average
loss after windstorm Lothar was just 1,500 USDaheount which is not rather likely to ruin
most of the policyholders. The deductibles helgxolude minor damage and also prevent
from moral hazard. However nowadays the deductibtesvery low and do not bring any
significant change to the loss burden. Their aveliagabout 100 dollars for many European
markets. Swiss Re proposes to establish deductddledout 1% of the insured value. It
ensures the real participation in the loss and @out the claims by 50%. Additional savings
would be from the lower administration costs. Hoarein case of glasshouses which value
often exceed 100 millions EUR the proposed dediggibver 1 million are not likely to be

accepted.
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To be able to apply the loss ratios values it qair@d to estimate the property value which is
exposed to the wind losses. Property value is aadumalue glasshouses and value of crops.
Value of glasshouse is based on the table 2.1QueVat the crop is based on the study of
Waarts and Vrouwenvelder (2004). They estimatetialiarage production value per hectare
range from 185,000 EUR/ha for vegetables to 275P0&/ha for pot- and bed-plants. The
average value was then based on weighted averhgevdight was created using the share of
the given type of crop in the total number of heedaof glasshouses in the Netherlands. The
table 4.4 shows the average value of the glasshmrdeectare.

Table 4.4 Average value (EUR) of one hectare adgflause with the crop value in
Netherlands.

Average Replacement Turnover** Sum (ha) Overal Value of one
Value* (ha) (ha) Share*** hectare
Vegetables 618,525 185,000 803,525 0.42 339,953
Cut flowers 772,400 225,000 997,400 0.38 383,615
Pot plants 953,100 275,000 1,228,100 0.19 236,173
1.00 959,741.35

*Replacement value based on table 2.10
**Turnover fromWaarts and Vrouwenvelder (2004)
***Qverall share based on the appropriate shareHerNetherlands

The average value of insured hectare of glasshelestimated to be approximately 0.96 m.
EUR. Taking into account the amount of greenhoweseanes in Netherlands which is equal
to 10,500, the total property value is 10,071,809 EUR.

The last component required to estimate the wimdsttamage is average size of the affected
greenhouse. According to CBS the average size @enfiouse in Netherlands is

approximately 1.23 hectares. To take into accowdt fthat average size of affected

greenhouses is a random sample and can differ fremwhole population, the range was
applied. Table 4.5 shows the values used for esons

Table 4.5 Average size of greenhouses affectedibgstorm
Average size of min most likely max
affected

greenhouses
Source: “most likely” from CBS; min, max — own asyation

0.25 1.22 2.00

Parameterization of risk model and results

The information from different sources was combit@e@stimate wind losses to glasshouses.
Table 4.6 shows the parameters input for basicast®n
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Table 4.6 Model input for windstorm losses estimradi (basic scenario)

variable unit risk function source description parametrisation
Occurance of wind speed
in a given interval wind speed:
1 Storm 35-40 m/s 18/80
2 Heavy storm Number Poisson Dorland et all 1999 40 - 45 m/s 10/ 80
3 Very heavy storm above 45 m/s 1/80
Policies afected wind speed:
4 storm average from Munich Re 35 -40 m/s 10; 12; 14
5 heavy storm percentage triangular (2002), assumption about 40 - 45 m/s 14; 17; 19
6 very heavy storm the range above 45 m/s 19; 24; 28
Damage per policy wind speed:
7 storm 35-40m/s 1;2.5;5
8 heavy storm promile triangular assmuption 40 - 45 m/s 10; 20; 30
9 very heavy storm above 45 m/s 20; 30; 100
10 Average size hectar triangular average from CBS 0.25; 1.22; 2
of affected assumption about the
glasshouses range

Because the risk analysis is performed with a Mdelo simulation model a number of
iteration was executed in order to provide a rédiadutput results. The results presented here
are based on 10000 iterations. Because the sirdutigéributions of results changed only a
little as more iterations were performed, it carcbacluded that the amount of iterations was
sufficient. Characteristics of windstorm loss fuontfor the basic scenario is presented in
table 4.7.

Table 4.7 Characteristics of distribution of wiratst losses for basic scenario

Statistics Loss function

Minimum 0.00
Mean 6,168,493.00
Maximum 336,527,900.00
Std Dev 19,372,370.00
Skewness 6.50
Kurtosis 65.39

*Values in EUR

Overall simulated mean is approximately 6.17 miliBUR and standard deviation 19.37
million EUR. Almost 70% of iteration gave 0 as aantmut indicating that windstorm is
expected on average 3/10 years. It underlines #ta@sicophic characteristics of the used
model. The positive skew indicates the long rigilale” which is typical for catastrophic
events.

Because the parameters used in the model weralpabtased on assumptions the additional
alternative scenarios were built. The more optilmistenario was created by dividing by two
parameter “damage per policy” and pessimistic ores wreating by doubling it. Third
scenario was created by adjusting the values petaiige Values per hectare are based on data
from 2003-2004 and might be lower then currentaepment value. Additionally according
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to employees of Delta Lloyd currently built modeyreenhouses are valued approximately 2
million EUR per hectare. That is why the value pectare was increased by approximately

30% (table 4.8).

Table 4.8 Characteristics of distribution of wiratst losses for alternative scenarios

basic scenario low damgge high damage high replacement
scenario scenario value
Minimum 0.00 0.00 0.00 0.00
Mean* 6,168,493.00 3,076,894.00 12,329,190.00 8,019,040.00
Maximum 336,527,900.00 156,654,900.00 555,069,600.00 437,486,300.00
Std Dev 19,372,370.00 9,728,587.00 38,140,500.00 25,184,080.00
Skewness 6.50 6.61 6.10 6.50
Kurtosis 65.39 67.59 55.54 65.39
75%** 2,442,139.00 1,210,093.00 5,064,251.00 3,174,781.00
90% 23,788,210.00 11,491,880.00 47,328,090.00 30,924,680.00
95% 38,298,150.00 19,399,990.00 76,614,940.00 49,787,590.00
99% 83,765,500.00 42,559,140.00 170,966,300.00 108,895,100.00

*values in EUR
** Cumulative values of probability distribution

There are large differences between the scendfiosever, low damage scenario does not
seem to present realistic results. The true vaduesather expected in the range from basic to
high damage scenario results.

Futurescenario

The windstorm losses were modeled also with takimg@ account the changes in the
greenhouse sector. The most important change is gtioeving average size of the
greenhouses. According to Berkhout and Bruchem@R@@an be expected that till 2015 the
number of farms will decrease to approximately @,3®hereas average size will reach 2.5
hectares. These new values were applied to the Infodduture scenario. To eliminate
influence of other factors the assumption was nthde the total area of greenhouses will
remain constant. It is expected that the averagabeu of affected policies in case of
windstorm will slightly increase. However the varta is expected to rise significantly. Table
4.9 shows the parameters used for model.
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Table 4.9 Input parameters for future scenario

variable unit risk function source description parametri sation

Occurance of wind speed

in a given interval wind speed:
1 Storm 35-40 m/s 18 /80
2 Heavy storm Number Poisson Dorland et all 1999 40 - 45 m/s 10/ 80
3 Very heavy storm above 45 m/s 1/80
Policies afected ‘ h wind speed:
average from Munich Re R . .
4 storm . (2002), assumption about the 35 -40m/s 5:12;28
5 heavy storm percentage triangular range 40 - 45 m/s 7,17; 38
6 very heavy storm above 45 m/s 10;24;56
Damage per policy wind speed:
7 storm 35-40 m/s 1;2.5;5
8 heavy storm promile triangular assmuption 40 - 45 m/s 10;20;30
9 very heavy storm above 45 m/s 20;30;100
10 Average size hectar triangular Berkhout and Bruchem (2006)
of affected assumption about the 1.5;25;3.25
glasshouses range

Table 4.10 Windstorm losses for future and bastnado

basic scenario futre scenario
Minimum 0.00 0.00
Mean* 6,168,493.00 7,983,129.00
Maximum 336,527,900.00 483,727,600.00
Std Dev 19,372,370.00 24,960,600.00
Skewness 6.50 6.60
Kurtosis 65.39 70.97
75%** 2,442,139.00 3,153,680.00
90% 23,788,210.00 29,966,960.00
95% 38,298,150.00 49,763,840.00
99% 83,765,500.00 112,512,400.00

*values in EUR
** Cumulative values of probability distribution

Future scenario differs significantly from the lwascenario. The average rise of expected
losses accounts for more then 25% and is equahtosa 8 million EUR. It can be concluded
that the in the given simulation the changes ingheenhouse sector will have significant
impact on windstorm losses distribution.

4 .4. Hail risk

Hailstorms cause extensive damage to agricultuceadso to buildings and vehicles. If an
event occurs over large conurbation, the econoosigds can run into billions.

In 1984 very intensive hailstorm came through sexthGermany affecting Munich. During
20 minutes some 300 people were injured and 230¢208 and 70,000 buildings were
damaged. The economic damage was estimated t@ledat.5 billion euros from which half
was insured. The motor damage was responsibldvéomiain part of claims — 450 m. 200 m
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was paid for buildings and household contents. Tést was paid for aircraft hull and
agriculture insurance (Zimmerli, 2005).

Hail events with similar intensity occur over cetEurope every couple of years (Zimmerli,
2005). Once in 12 years en event triggering inslosdes of some 1 bn euros is likely to
happen somewhere in Europe. Once in 35 years amt e¥el.5 bn euros can be expected.
Once in 250 years a loose event of 3 bn eurospsa&d (Zimmerli, 2005).
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Figure 4.9 Hail exposure in Europe
Source: Zimmerli, 2005

The comparison has been made by Swiss Re betweeairskhfrom hail and windstorm. For
the Southern Germany the damage from these twdés mzm be comparable. On the other
hand for Northern Germany, which exposure pattemare similar to the Dutch one, the hail
damage accounts for less then 1/10 of the windsttamage (figure 4.9 and 4.10). Northern
Europe is more exposed to wind damage and lesaltavhich results in such a difference.

100%  Loss

10%

1%

/

11 10| 100 | 1000| 10000|
Return period

= Winter storm, narthern Germany
— Hail. northern Germarny

Figure 4.10 Comparison of wind and hail exposuranth Germany
Source: Zimmerli, 2005

Additionally coastal regions are on average less@ito hail damage then the interior ones
(Assledonk et al. 2001). This feature of hail caavéh significant impact on damage for
horticulture sector since majority of the greentesuare located near the coast.

It is not clear how global warming will influencattire hail events In recent years there have

been number of strong hail events (Germany 200%trAu2000 and 2003, Switzerland 2002
and 2004). However, whether a casual relation £xdah not be proved (Zimmerli, 2005).
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Some of the Swiss Re estimations predict increaseguency of severe hail events by 5 to
10 % till 2020 (Ortlof, 1998).

Parameterization of risk model and results

Because of lack of any historical figures on haiist losses which would enable building

model, the results of Asseldonk et al (2001) wesedu Asseldonk et al. conducted a
simulation of the hail damage to glasshouses i\ibitnerlands. Their results were based on
historical indemnities from Hageluine (insurancenpany with approximately 80% market

share). Summary of the indemnities for 1980 — 1i898esented in table 4.11.

Table 4.11 Summary of the historical indemnitie®)ig for Dutch greenhouse sector for
years 1980 - 1998

Average number Average
Insurance  Number Number of claims per indemnity
contract of claims of cases case per claim
Hailstrom Greenhouse 519 119 4.36 6,858
Crop 190 63 3.02 11,633
Building 133 64 2.08 1,899

Source: Asseldonk et al. 2001
Based on the above results the model was buikttmate damage from hail.

Table 4.12 Input variables for hail damage estiameti

variable unit risk function source description parametri sation
Occurance number
of hail yearly Poisson Asseldonk et al. 2001 119/18 = 6.611

min; most likely; max

Policies afected* number triangular average from Greenhouse 1;5.45; 10

per event Asseldonk et al. Crop 0; 1.89; 3.5
2001

Average damage promile triangular average from Greenhouse min; most likely; max

per policy** Asseldonk et al. Crop 1;7.6;15
2001 20; 44,70

Size of affected average from CBS min; most likely; max

greenhouse hectare triangular assumption about the 0.25;1.22;2
range

* average extrapolated from the table 4.11
** gverage calculated in relation to average greeisk values (table 4.4)
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Table 4.13 Estimated hail losses

hail damage
Minimum* 0.00
Mean 380,993.20
Maximum 2,448,810.00
Std Dev 258,670.10
Skewness 1.67
Kurtosis 7.64
50%** 322,118.50
75% 493,126.20
90% 797,440.60
95% 885,987.90
99% 1,289,352.00

*values in EUR

** Cumulative values of probability distribution

Overall hail losses are more frequent then windstosses but their magnitude for single
event is much smaller. The average expected anlpgaks are equal to approximately
381,000 EUR which account for 6% of the expectentaiorm damage.

Futurescenario

The future scenario was created to take into addbenchanges in the sector. The most likely
and the bottom values were lowered for ‘policieeeted’ and ‘average damage per policy’
parameters, to take into account changes in riskl@r The upper values were not changed in
order to include the magnitude of extreme everntg. dverage size of the farm was doubled.

Table 4.14 Input variables for hail damage futwensrio

variable unit risk function source description parametri sation

Occurance number
) . Asseldonk et al. _

of hail yearly Poisson (2001) 119/18 = 6.611
Policies afected number triangular Greenhouse 1;2.725; 10
per event* Crop 0;1;35
Average damage promile triangular Greenhouse 0.5; 3.8; 15
per policy** Crop 10; 22; 70
Size of affected Berkhout and
greenhouse hectare triangular Bruchem (2006) 1.5; 2.5; 3.25

*most likely values were lowered, range remain #aesas in basic scenario

** most likely values were lowered, the range wasréased comparing to basic scenario
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Table 4.15 Estimated hail losses for basic andéutaenario

basic scenario [future scenario
Minimum?* 0.00 0.00
Mean 380,993.20 527,966.90
Maximum 2,448,810.00 3,501,289.00
Std Dev 258,670.10 365,126.50
Skewness 1.67 1.76
Kurtosis 7.64 8.46
50%** 322,118.50 440,646.10
75% 493,126.20 691,053.30
90% 797,440.60 1,002,176.00
95% 885,987.90 1,213,410.00
99% 1,289,352.00 1,761,016.00

*values in EUR
** Cumulative values of probability distribution

According to the simulation of the future scenahe average annual losses increased up to
528,000 EUR. Results indicate that the increasimg ®f the greenhouses will have
significant impact on the losses distribution.

4.5. Flooding risk

Large parts of the Netherlands are placed belowntter level of the rivers and sea. The

location in the delta of the Rhine, Meuse and Shelds from one side the source of

development of the trading based wealth of the &&hds and from the other the threat of
floods. That is why Netherlands have a long traditf protecting land against rivers and sea
and is known for its advancement in building dy&ad hydraulic structures.

Flooding in the Netherlands can lead to huge firdrdamage. In order to prevent insurance
companies from getting bankrupted in case of higgf the Dutch government has accepted
a law which forbids insurance companies from imsgirany damage caused by flooding or
dike failure. Instead the government agreed tofpayhe occurred damage. In practice these
payments are either not sufficient or much delg¥gzadars, 2004).

Types of hazard

More then 50% of the land is below the level of agd rivers. To prevent these areas from
flooding dikes are build along the rivers and seat) total length of 3,200 km. These dikes
are called primary dikes.

The precipitation of the low areas drains into ditehes crossing the land. From the ditches
the water is pumped up into canals with water sonest few meters higher then the land.
Then the water is pumped into the rivers. The watethe canals is surrounded by dikes
which are called secondary dikes. There is aboyd0D4 km of secondary dikes in the

Netherlands.

The water level in the primary dikes are drivennaure like melting glaciers of the Alps,
whereas in secondary dikes are controlled by macoi®lary dikes are protecting much
smaller areas then the primary one. The damage fromary dike failure would be
significantly higher then the secondary one.
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The last cause of flooding is local flooding duelagk of discharge capacity — directly
because of extreme rainfall. It has the smallesiesaf damage, but can occur more frequently

then previous two hazards.

History

In 1953, a storm tide hit the South Western Delieaa Almost 2000 people died and
economic consequences were enormous. Afterward€ha committee was established to
improve the protection against flooding. One of #uhievements of the committee was to
introduce new approach to determine the requireel lef protection against flooding based
on the return period for the design water levekiiig into account the variances in the level
of water and the potential damage, height of the dings was defined (figure 4.11) (Most,
2005).

The Netherlands

Safety Standard =,
per Dike-ring area e

Legend o

number of dike-ring area
1/10,000 per year é
1/4,000 per year

1/2,000 per year

1000

1/1.250 per year

high grounds (also
outside The Netherlands)

primary waler defence
oulside The Netherlands

= N Genmmany
= ¥

Belgium

Figure 4.11 Safety standards per dike ring area
Source: Most, 2005

For the central western part of the Netherlandsrevkige major cities are located the propose
level of protection is the highest 10,000 years famdhe branches of the river Rhine was set
on 1250 years not to change drastically the larmscaltural and historical sites.

Despite the well designed structures the recenttev&how that the risk is still present. In
1993 and 1995 serious flooding occurred in therbakriver Meuse which accounted for 200
million of economic losses. Additionally early ir©95 the serious threat of dike collapse
resulted in evacuation of 250,000 inhabitants fritve area of Rhine. The dike did not
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collapse but the evacuation costs were enormoss, disrupting the local daily economic
life.

Probability of occurrence

Primary dike failure

The method proposed by Delta committee took intmat the probability of overflow or
overtopping. It means that the probabilities shawthe figure 4.11 show the probability that
the level of water exceeds the level of dikes. Hmveaecent studies are focusing also on
other possible causes of floods.

A dike ring normally consists of large segmentsdidfes or dunes interrupted by a few
hydraulic structures such as locks, pumping statidannels and others. These structures
might be the weak point of the dikes resultingloofling even when the level of water is not
high. Failures of hydraulic structures include rdosure on time or fully or the structural
collapse. Dikes can be also undermined throughmaeating the channels under it. Slope
protection of dikes may be washed away which caaltén instability of the slope.

o o
_adny _.Aiae

Figure 4.12: Failure modes of the dikes Fall of hydraulic structure
Source: Westen, 2005

Probability of the failure of a particular dike sea is a combination of the probabilities of
each failure modes.

Because of the many other causes of flooding thasrflowing the safety standards, the
current level of protection is a matter of interesresearches. In order to take into account the
various causes of flooding in 2001 the Floris prbj@as established. Its main aim was to
calculate the current level of protection agaih&t flarge scale flooding of different primary
dike rings. The research is not yet completed. Hewdew of its findings were recently
published.

The project developed new method of risk calcutaimd applied it to 16 of the 53 dike
rings. However according to the authors only tof3hem the detailed method was used
which gives robust results eliminating the uncetsa{\Westen, 2005).

Floris study showed that the water defenses arergky so high that the probability of the

flooding due to extremely high water levels is vemyall. The main threat of potential flood is
currently assigned to ‘piping’ and the failure gdnaulic structures.
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In the study the number of dikes was selected &edprobability and consequences of
flooding were calculated. The figure 4.13 presé¢mésselection of the dike rings.

Selection dike ring areas Floris
(16 dike ring areas)

rame dilee ring
Farschelling
Noordoostpoidar
MAastanbrmek

Centraal Holand
5 Lopkker- en Krimpeansanwaaind
Alblasserwsand en de Vijfheersmandan
5 Goeree-ChveMakkes
Zaslwsch Wiaandanan
Land van Heusden'De Maaskant en Keent
6 Hommelerwasrd :
Land wan hiaas an Waak
Colf B MIRgen
Betlwwve, Tieler- en Culemborgerwaarden
RN &n Ussal
Ciost \Weluwe

[ 7 high grounds (atso outside the NL) I fioris-Selection
———  primary water defence outside NL
—  primary water defence [ Femaining dike ring areas

refmaining primary water defences

\'I'ltdhnrqu:rllmp 1]

Source: Westen, 2005
Figure 4.13: Selection of the dikes for the Flaatculations

Calculated probabilities of selected dike ringuegls with the description are included in the
appendix

In this study the probability of primary dike faituis based on results of Floris project and on
safety standards for dike rings not included inghgect. To take into account other forms of
dike failure then overflowing the safety standardbability is doubled. Because the results of
Floris study are known by dike managers an appatgmupgrade of the dikes is expected.
That is why the most optimistic probabilities wheteosen. The aggregation from dike ring
level to province level is done by calculating grebability that any of the dike rings will fail
(P(A or B or ..)). The exception is made for thegéarings (6 and 13 and 14) which cover
almost whole province. In this case the aggregasanade based only on the probability of
flooding for these rings.(table 4.16)
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Table 4.16 Probabilities of primary dike failuregaggated to province level

Groningen 6 0.05% 0.05% 26 0.05%
0 - - 27 0.05%
1 0.05% 28 0.05%
Eriesland 2 0.05% Zeeland 29 0.05% 1.297%
3 0.067% 0.05% 30 0.05%
4 0.05% 31 0.05%
6 0.05% 32 1%
Flevoland ! 0.032% 0.082% 0 i i
8 0.05% 23 0.1%
Drenthe 0 - - 24 0.1%
0 - - 33 0.1%
9 0.16% North Brabant 34 0.1% 1.268%
Overijssel 10 0.25% 0.668% 35 0.1%
11 0.1% 36 0.455%
53 0.16% 37 0.16%
5 0.05% 39 0.16%
North Holland 12 0.05% 0.2% 0 - -
13 0.2% 38 0.385%
14 0.014% 40 0.16%
15 0.111% 41 1%
16 0.25% 42 0.071%
17 0.05% 43 1%
18 0.02% Gelderland 47 0.16% 4.084%
South Holland 0.014%
19 0.02% 48 0.500%
20 0.05% 49 0.16%
21 0.05% 50 0.16%
22 0.05% 51 0.16%
25 0.083% 52 0.4%
0 -
Utrecht 44 0.16% Limburg 0 - -
46 0.16% 0.-32%

*Dike ring 0 is used when territory is over the $&eel. The division of rings per province is basedFigure
4.14

** Probability of failure: the grey cells are froRloris project, the rest are doubled safety statalar

*** Aggregation is made based on formula: P(AuBl1<(1-P(A)) x (1- P(B))], that is: the probabilitiat any
of the dike rings in the province will fall. Excémt is made for large rings which covers majorityhe
province: Groningen - dike ring 6, Friesland - dilkey 6, North Holland - dike ring 13, South Holthndike
ring 14 (majority of glasshouses is in this ring)

Secondary dike failure

In 1993 the report was published about the conditibthe secondary dikes. From 1730 km
of surveyed dikes 156 km were considered unsafeveder the secondary dikes are ruled by
the local authorities and it is in their resporigipto improve them. In general the secondary
dikes are in a worse condition then the primary @wars, 2004).

There are no researches about current level oégiioh from the secondary dikes failure or
extreme rainfalls. In publications estimation canfbund that the real risk is even 10 times
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higher for secondary dike failure then in the stadd. Extreme rainfall standards are
considered as more accurate (Veen et al. 2005).

Safety standards for regional flood defenses are stated in the Dutch law, but the

InterProvinciaalOverleg (IPO) commission has defigeidelines. Table shows an overview
of the IPO safety standards. The categorizatioth@fflood defenses into different classes is
described by the water boards and has to be coeditoy provinces (Veen et al. 2005).

Table 4.17 Safety standards for secondary dikartail

class Flood damage Safety Standard
(Meuro) (1/yr)

I 0-8 10

II 8-25 30

I 25-80 100

v 80-250 300

V =250 1000

Source: Veen et al., 2005

Hazard component is based on IPO standards anstullg of (Baars, 2004). To take into
account many weaknesses in secondary dikes therawtbsumed 10 times higher probability
of failure then the one in standard. For the urbahiarea then the probability of failure was
set as 1/100 years for each province.

Extreme rainfall

The demand of explicitly stating norms for floodiftigm extreme rainfalls has emerged after
events in 1998. It has been chosen that the sdsdae set for different types of land use.
The extreme water levels are calculated with afaiftidischarge model. The standards and
bottom level criterion for each land type are givenable... Bottom level criterion describes

the part of the land which is not taken into ac¢ouhen applying the standard. The reason
for that is that at some lowest parts the probgbdf the flooding is much higher and these
lands are excluded from the analysis (Veen etQfl5p

Table 4.18 Safety standards for extreme rainfatiding

Landuse Bottom level Standard (1/yr)
criterion

Grass 5% 1/10

Agriculture 1% 1/25

High value agriculture 1% 1/50

Greenhouses 1% 1/50

Urban area 0% 1/100

Source: Veen et al., 2005

In this paper the assumption is made based on dfetysstandards that greenhouses in
Netherlands will be affected by extreme rainfalésiper 50 years.

46



Vulnerability

Area affected by flooding

Primary dike failure

Number of affected hectares differs greatly, fdfedent dike rings and additionally depends
on the place where the breach would occur. Thawvhg recent studies focus rather on
analyzing consequences for single events. Veeh @005) analyzed the flooding for Brielse
dike ring (20 on figure 4.11) for breach near Sgnjisse. In their study 15% of the dike ring
would be flooded. The flood would stop on canald secondary defenses. On the other hand
Mannen and Brinkhuis (2005) analyzed the floodimgpsequences for Betuwe/Tieler- en
Culemborgerwaarden (dike ring 43). Their resultsvsithat ring would be totally flooded 72
hours after breach (48 h needed to flood 90%) ef heach would result in extreme dike
failure on a wide length. However the scenariosduogt include any preventive actions which
could stop the flooding. For example flood wouldpsfor 12 hours on the secondary dike
along Amsterdam Rijn Canal before overtopping itaffwould give the possibility to defend
the rest of the ring (approximately a half). Adaittally other forms of dike protection failure
(like piping) are expected to cause less damagettieone used in the study. Based on that
cases it is assumed that 40% of the dike ring gpected to be affected by the flooding.

The assumption is made that the crop damage is Hit¥72 hours continuous inundation
and 50 % for shorter flooding time (Waarts and Wveuavelder, 2004).

That is why two the two levels of damage are cbatkalf is affected heavily(100% loss of
turnover) and half in medium degree (50%). Thestofa are then divided by number of dike
rings in the province to calculate the aggregat@des for a whole province. The output is
then the expected percentage of affected hectaggasshouses per province.

Table 4.19 Area affected by primary dike failurelaumber of greenhouse hectares below
water level per province

Province hectares* heavy damage medium damage
Groningen 68.0285 0.2 0.2
Friesland 111 0.2 0.2
Drenthe 238.5884 0 0
Overijssel 70 0.05 0.05
Flevoland 192.8329 0.1 0.1
Gelderland 648.0833 0.01818 0.01818
Utrecht 130.7521 0.1 0.1
Limburg 852.9563 0 0
South Holland 5609.1163 0.2 0.2
Zeeland 158.6573 0.02857 0.02857
North Brabant 358.8001 0.025 0.025
North Holland 983.588 0.2 0.2
Overall 9422.4032 0.2 0.2

* hectares below water level based on municipalitiata

Secondary dike failure

The area affected was assumed to be 1/10 of tleeadiected by primary dike failure. This
value is based on case study of Veen at al. (2005).

Damage per hectare
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Damage per hectare is equal to value of the damaggd Value of the crop is based on the
study of Waarts and Vrouwenvelder (2004) like isecaf windstorm losses (table 4.20)

Table 4.20 Production value per hectare

area average inundation produce damage

crop (ha) (o) {m} [E/ha) (ME)
grassland 36 054 714 1.75 a00 3z
glasshouse horticulture 3404 6.9 235 225 000 TBE
cereals 2394 47 332 00 21
potato (edible) 2 006 40 341 4 500 9
maize 1413 28 2.14 a00 1
sugar beets 1144 2.3 3.30 2 800 3
orchard 100 0.z 292 11 500 1
total B35

Source: Waarts and Vrouwenvelder, 2004

The calculated damages given in Table 4.20 caneatebified due to a lack of data. Waarts
and Vrouwenvelder (2004), flood damage to crops agessed by multiplying flooded areas
with average crop yields. The product varied frod® £EUR/ha (cereals) to 30,000 EUR/ha
(flower bulbs). In glasshouse horticulture, floaglidamage reaches a maximum at 0.5 m
flood depth. For flooding events less than 72 hotire damage is assessed to be 50%; for
longer periods 100%. Yield losses range from 185%,B0UR/ha for vegetables to 275,000
EUR/ha for pot- and bed-plants. Similarly to wiradst losses the average value was based
on the weighted average and was equal to 217,700 EU

Secondary dike failure

For secondary dike failure the damage per hectatddabe significantly lower then in case of
primary dike failure because the level of watersetondary canals is managed by people.
That means in case of failure water can be stoppeldthe flooding is expected not to last
longer then 24 hours. That is why damage is assumked medium for all area affected.

Extreme rainfall

To calculate the damage in case of extreme raitifalspecific case of 1998 was used. Table
4.21 shows the damage to glasshouses in that year.

Table 4.21 Governmental payments for flooding daeriagl998

N-Br Ov Dr Gr Ze N-H Z-H Fl Other TOTAL

WTS1

Flowers,

plants 174,535 107,987 4,019,474 7,617 4,309,613
Veg. 77,673 3,768,503 3,846,176
WTS2

Flowers,

plants 1,917 63,331 32,322 540,020 423,494 1,061,085
Veg. 2,090 17,427 29,163 1,945 50,625
total: 252,208 4,007 80,759 32,322 107,987 569,183 7,787,977 425,439 7,617 9,267,498

Source: Ministry of Agriculture, Nature and Foodality, personal communication
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Based on that data the assumption is made thatdselikely rainfall will trigger the damage
of 9,267,500 EUR.

Parameterization of risk model and results

The given above information was used to create deiim estimate the expected flooding
losses. The model combines losses from primary sewbndary dike failure as well as
rainfall.

Table 4.22 Input variables for flooding damageneations

variable unit risk function source parameterization
probability of primary number Poisson Floris project per province

dike failure per year safety standars table 4.16
probability of secondary number Poisson safety standards 0.01

dike failure per year Veen at al. (2005) per province
probability of occurance number Poisson safety standards 1/50

of rainfall damage per year

area affected from primary number deterministic assumption based on

dike failure Veen at al. (2005) & per province

heavily Mannen and table 4.19

medium Brinkhuis (2005)

area affected from number deterministic assumption based on

secondary dike fialure Veen at al. (2005) 1/10 of area affected
medium Mannen and from primary dike failure

Brinkhuis (2005)

number of hectares hectares  deterministic CBS per province

below water level table 4.19

damage from rainfall EUR triangular governmental min* 4,633,750.00

per event payments in 1998  m. likely 9,267,500.00
max 13,901,250.00

* min, max assumed to be +/- 50%
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Table 4.23 Estimated distribution of flooding losse

Primary dike failure secondary dike failure rainfall Sum of flooding damage
Minimum - - - -
Mean* 447,751.90 305,389.30 188,084.40 910,002.80
Maximum 366,318,400.00 24,904,510.00 26,665,760.00 366,417,100.00
Std Dev 5,991,450.00 2,452,248.00 1,358,704.00 5,5659,117.00
Skewness 48.02 9.48 7.62 32.57
Kurtosis 2,809.25 93.04 66.21 1,910.57
5000** - - -
75% -
90% - - 1,480,220.00
95% 2,929,051.00 284,637.30 3,923,904.00
99% 3,847,711.00 4,765,668.00 9,263,265.00 24,421,230.00

*values in EUR
** Cumulative values of probability distribution

Annual expected flooding losses are equal to 9I0EIOR. That is much less then windstorm
losses. The reason behind it is very low probahdftoccurrence.

Flooding can not be insured and the change inltdwelihg exposure is not required to meet
the research objectives. That is why future séesavere not built for flooding damage.

4.6. Biohazards

Pest control is vital for producers of greenhous@s that are subject to aesthetic damage by
arthropods (insects and mites).

Achieving disease free products in glasshouse tnguequires lots of attention form the
growers. Integrated pest management (IPM) is aecstone of the industry. The strategies
include sanitation, clean stock, host resistancé eontrol through biological, cultural,
environmental chemical and regulatory means. Bregpdielection and biotechnology can
provide crops resistant to the pathogens. On therdtand introduction of new species and
new production techniques creates opportunity &hagens as well.

Plant health management is major concern for botfamentals and vegetable sectors.
Vegetables are matter of strict food safety reguiat In case of ornamentals the sale ability
is directly related to the visual attractivenesfi@ivers stems and leaves.

Types of hazard

There are two main sources of biological threaglesshouse production. First one is the
result of the progressing globalization and inteasirade. The seeds or plants can be
produced thousands of kilometers from the placeg #ne finished and sold. This foreign trade
can bring new types of pathogens which are notrobed on regular basis. Although the
probability of establishing new colony in new emviment is relatively small the potential
costs can be very high.

Second source of threat is not proper treatmentpaoiegction by grower or supplier. Despite
intensive control on all stages production chaspéeially the supplier stage) there is a risk of
contamination. For example soil particles in theegthouse moved by grower activity may be
a source of Pythum or Rhizoctonia and dead leaetha base for Botrytis cinerea.
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The reason for that is dynamic environment of potida conditions resulting introduction of
new technologies and production processes.

There are few main threats for the glasshouse ldrteir brief description is included in

appendix

Probability of occurrence

The calculations of probability of outbreak are dghon historical data. The number of

outbreak in years (1992 — 1999) is presented ile &l24.

Table 4.24 Number of outbreaks of harmful organismggreenhouse crops in Netherlands

organism crop 1992]1993]1994] 1995|1996 1997{1998( 1999
Japanese rust chrysanthemum
Radopholus similis plant materials
Opogona sacchari plant materials 7 1
Liriomyza soorten plant materials 1
Bemisia tabaci plant materials 2
Thrips palmi Fichus 3 8 22 3 1 7
Ralstonia solanacearum ras 1 [Curcuma 2 5 7 3 6
Ralstonia solanacearum ras 3 |Tomatoes 1 1
Helicoverpa armigera Dianthus Lisianthus 1 2
Tabakskringvlekkenvirus Lobelia 5
Xanthomonas dieffenbachiae |Anthurium 1 6 7 2
Xanthomonas fragariae strawberry 4 1 1
Clavibacter michiganensis Tomatoes 2 1 1 12 4 3
Spodoptera litura plant materials 4 5 1 12 4 3 1
Rhizoecus hibisci Bonsai 7
Xiphinema americanum Buxus 4
Oligonychus perditus Juniperus bonsai 1 3 1
Anoptophora chinensis Acer bonsai 1 1
total 8 9 9 29 | 40 | 24 [ 27 [ 35

Source: Mutual Insurance Organization for Hortigtét Sector (FYTO)

Based on the result from the table the assump@onbe made on general frequency of crop
damage due to biological exposures. The averagéeuof greenhouses affected yearly is
approximately 22.6. Approximately 8 were affectenticusly (Opogona sacchari — banana
moth).

Vulnerability

The difficulties with assessing the losses due itbobical threats are result of variety of
perils. Not only they attack different plants buscaare cause to much different level of
damage. In some cases the total production is rechancluding plant material (banana
moth). In other contamination leads only to lowelds (dagger nematode).

That is why the assumption has been made thatvin@lbdamage from biohazard. The peril
was divided into two categories — general and ssrautbreaks. First one is less harmful and
results in lower yields and additional pesticidests. These costs were based on study of
MacLeod et al. (2004) and were assumed to be Htbolloss of turnover. Second group
represents serious threat which results in losseofotal turnover for the infected greenhouse.
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Parameterization of risk model and results

Information was combined to estimate the biohakasges. Table 4.25 presents the input
parameters of the model and table 4.26 shows Hudtse

Table 4.25 Input variables for biohazard lossesnagions

variable unit risk function source description  parameterization

number of farms with medium number triangular FYTO 8; 22.6; 33

damage due to biohazard yearly

occurrence of serious disease number poisson FYTO 1/7

outbreak

decrease of yield percentage Uniform MacLeod et al. 5; 10; 15

due to biohazard 2004

number of affected greenhouse number triangular FYTE 1;7;15

due to serious outbreak

Average size of greenhouse hectare triangular CBS current 0.25; 1.22; 2
future 1.5; 2.5;3.25

Table 4.26 Estimated biohazard losses

biohazard serious Sum of biohazard .

medium damage outbreak damage future scenario
Minimum®* 48,585.04 - 48,585.04 180,220.10
Mean 400,433.10 272,996.60 673,429.70 1,414,216.00
Maximum 1,284,077.00 9,325,745.00 10,162,310.00 18,569,290.00
Std Dev 181,232.40 816,887.60 837,808.40 1,697,669.00
Skewness 0.75 3.73 351 3.27
Kurtosis 3.49 20.16 18.93 16.27
509%** 374,064.70 - 411,169.60 861,317.40
75% 509,273.60 - 605,613.40 1,172,211.00
90% 649,893.60 1,211,679.00 1,623,604.00 3,737,665.00
95% 741,509.20 2,173,219.00 2,589,327.00 5,478,399.00
99% 910,697.60 3,738,462.00 4,116,189.00 8,113,347.00

*values in EUR

** Cumulative values of probability distribution

The estimated annual biohazard losses are equal3®00 EUR, which is higher amount
then in case of hail but much smaller then windsttwsses.

The future scenario was created by adjusting tleea@e affected size of the greenhouse. The

result is a strong increase of expected annuat$oSshey are doubled in future scenario. It is
a direct consequence of much higher value at risk.
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4.7. Estimation of aggregated losses to greenhouses

The analyzed perils were summed into one modelleTdt27 shows the results of four
estimations. First one is the basic scenario foreci level of damage, second is the future
estimations which take into account the increassiza of the greenhouses and the expected
rise of variability of the damage. Last two casedude also flooding damage. Flooding is
excluded from the insurance contracts, that is Wwtsyanalyzed separately.

Table 4.27 Aggregated losses to greenhouses frowh, Wail, biohazard and flooding

total damage future total damage plus total damage plus
total damage . - ) .

scenario flooding flooding future scenario
Minimum* 126,087.90 293,247.90 103,709.60 298,608.70
Mean 7,277,481.00 9,978,448.00 8,012,315.00 10,607,300.00
Maximum 323,500,100.00 397,671,400.00  370,978,000.00 371,918,600.00
Std Dev 18,988,300.00 24,789,890.00 18,861,780.00 23,989,150.00
Skewness 6.15 6.16 5.80 5.63
Kurtosis 60.94 59.61 59.58 51.12
509%** 1,058,228.00 1,768,917.00 865,900.90 2,143,974.00
75% 3,792,354.00 5,941,804.00 4,865,734.00 6,938,523.00
90% 25,180,300.00 32,382,070.00 26,855,240.00 32,736,790.00
95% 40,668,110.00 52,485,200.00 41,878,090.00 52,661,040.00
99% 85,741,980.00 113,748,100.00 87,007,470.00 109,519,000.00

*values in EUR
** Cumulative values of probability distribution

First and the most important conclusion from thalgsis of the aggregated model is that the
results are very similar to the windstorm damagilts. Actually on average the windstorm
damage accounts for more then 85% of expected dotalial losses. Considering more rare
events this impact is even higher.

Despite the fact that windstorm losses are intseedisponsible for the biggest part of the total
losses, the presented results are influenced bydyeof estimation which makes this impact
even larger. It is the result of using average eslas input parameters. This method can
exclude the extreme events (like for example seraubreak in 100ha greenhouse). It affects
the results of biohazard and hail estimations nmohe then windstorm. That is why it can
be concluded that wind losses account for up to 8%otal losses from analyzed perils
(without flooding).

The method of estimation makes the results ofa ttamage model a bit more flat than they
are in reality. That means that the extreme evamtgt have larger magnitude that it is
presented. However the same is applied to the iottalues, what makes that the annual
losses are considered accurate.

Not all the perils were analyzed. From missing lpahe most important are fire and thunder
damage. According to ING employees the fire risifipg might be similar to the biohazard
profile. That is minor damage to several greenh®ase expected yearly and major damage
ones in few years. Thunder losses are much snzadtbare very small part of total losses.

The future scenario shows a significant increasdeuel of annual losses. It applies to
scenarios with and without flooding, and for allues of probability distribution.

Overall the aggregated results show that expeatedad losses to greenhouses are equal to
7,277,000 EUR and are expected to rise to 9,978R in 2015 as a consequence of the
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increasing average size. Additionally increase ahdge per extreme event can be expected
(the events which occur less then ones per 10 years
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5. Risk financing

The last part of the research is focused on thiysieaf the changes in risk profile from the
insurer’s point of view.

The results indicate that for analyzed types df (ithout flooding) the annual damage of
7,277,000 EUR can be currently expected. It caras®imed that together with fire and
thunder losses the annual losses is expected eatted 8.000.000 EUR.

This assumed amount accounts for approximatelye@ & the insured amount. The loss ratio
in comparison with basic coverage premium (1.17%nfchapter 3 is 0.68 which seems is a
safe ratio for insurance companies. This valuedditemnally lowered by the deductibles
which lower even more the payments in case of damag

Future scenario assumed rise of the annual 1oes@®78,000 EUR. Taking account fire and
thunder risks the annual loss is not likely to deci1,000,000 EUR. In this case the expected
indemnities will account for 1.09%. which is sigedintly higher than in basic scenario. The
annual expected loss ratio is 0.93.

It can be concluded that the changes in the gremghsector should result in increasing rate
of insurance premiums. However the effect of thenges can be overwhelmed by
technological improvements, increasing the restsaof the greenhouses to external and
internal damage. These innovations are matterabint@ogical study and were not a subject
of this research.

Except the annual level of damage the importanbrination include the distribution of
extreme losses. The results of the model indictitat losses of approximately 25 million
EUR can be expected every 10 years; 40 million EyBry 20 years and 86 million EUR
ones on 100 years (for future scenarios these salee32, 52.5, 114 millions respectively)

Presented figures concern the whole greenhouserséctalysis from the insurer’s point of
view requires adjusting the values by the compaasket share.

Company with 5 % of randomly distributed greenhgusas approximately 400 greenhouses
with 500 million EUR of insured value. The averggemiums paid (1.5%.) are equal to
800,000 EUR. In such case it is rather difficultitisure a new modern glasshouse of 50ha
with value at risk equal to 100 million EUR.

However situation changes when the market shamsiisg. With 80% market share the
average premiums paid yearly would be equal toQ2AD0 EUR. Taking into account that
total loss has not been reported for years, takgkgof 100 million is becoming acceptable.
In general companies have two ways of dealing vkiih amount of risk. First one is
reinsurance which is used for highly correlatedilpethat simultaneously affects many
relations. Second is coinsurance which is usethfividuals with very high insured values.

During the study the market conditions has changbdt influenced the possibilities of
introducing coinsurance product. These changesded.:

* Merger of Avero achmea and Interpolis
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* Merger of Delta Lloyed and other insurance compfiagn Germany specialized in
greenhouse insurance.

These new insurance companies changed their apptoagreenhouses particularly to large
glasshouses. Their larger size made it possibectept larger amount of risk. That is why
currently both Avero Achmea and Delta Lloyd areediol insure even the largest greenhouses
(with surface over 20 hectares)

Results of the estimation confirmed that insuriregyvlarge greenhouse might have been
considered too risky for the main insurers. Thgdaamount of individuals businesses is
required to be able to effectively pool the relatistt (at least 80% of Dutch market share).
However both insurers meet the currently have dapéx do that. Achmea with Interpolis
probably have about 90% of Dutch market share aeldaD _loyd partner has large market
share in Germany. That means that they have cgpaciaccept very high individual risk
(such as hail or biohazard) related to large greesé.

However this conclusion does not apply to windstalmmage. Specification of this peril is
much different (high correlation between greenhsusé/indstorm affects many individuals
at the same time which can result in much largesde then the value at risk for any
individual company.

In case of greenhouses, windstorm is the most itapbperil which account for majority of
the damage (even comparing with flooding). Nevéege it is just small amount of total
exposed value of property in the Netherlands. Treerghouses can not be analyzed separately
from the other exposed property in case of windstdrable 5.1 shows the estimations of the
windstorm losses in Europe.

Table 5.1 Probability of windstorm market losseg&urope

Windstorm Belgium® Denmark® France® Germany® Great | Metherlands® -
market loss in €bn Britain®
0.5 15-20 812 812 -6 2-4 812 =1
1.0 4050 2040 12-15 g-12 g-12 15-20 1
2.5 =160 B0-100 A0-50 20-40 15-20 B0-80 ]
5.0 G080 To-20 20-40 =100 812
10,0 To-20 20-320

*Retum perods in years
Source: Munich Re, Geo Risks Research Department.

The windstorm losses to greenhouses account for emill part of total losses which is
expected to exceed 1 billion EUR every 15-20 yeRaosh major insurers provide coverage to
large part of the exposed property. That is whyoihicing coinsurance contract for
greenhouses would not result in significant de@ezfsburden of indemnities payments for
windstorm losses.

For this type of perils insurance companies buyecage at major re-insurers. All losses

exceeding certain level are being paid back bysetier. In this type of agreement there is no
difference between greenhouses, homeowners or aa@sel. Reinsurance agreements are
widely used for coverage this type of correlatatt.ri

To sum up the major conclusion from the risk moaedl the analysis of the possible risk
financing practices is that there are rather ncodppities for coinsurance contracts for large
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glasshouses. The current insurance offer eventiperfect (only 2-3 insurers) but provides
sufficient coverage for large greenhouses.

ING business perspective

This part is focused on ING business perspectite@butcomes.

Complexity of the greenhouse insurance market esfitist conclusion that can be derived
from the analysis of the perils and exposures. & lneainy different perils and exposures. The
general groups can be identified like windstorniait losses but it is just a part of the whole
spectrum of perils. This paper was aimed to idgrairfd analyze the main threats but due to
lack of damage records it appeared to be imposéinlenany perils. Complex knowledge
about risks is kept within insurance companies @sndlmost impossible to derive precise
figures that can be used for analysis, from gensvatces. That is why the perils like fire
damage or breaking down of installations were malyzed.

What is more, currently greenhouses differ stronglterms of construction features as well
as installations within the greenhouse. Preciseatelg of this property as well as related
risks involved requires high level of technical exfse. The average values can be derived
from general sources but that underestimate tleedifferences between insured relations. In
fact variance of the values of greenhouses is nhugiier then in any other group of primary
agriculture producers.

The only way of dealing with the complexity of teeposures is to build own damage record.
Damage record of the clients could be stored onlaedpasis. Knowledge of the losses in the
past in ING is now kept only on the local leveltire data of primary insurance consultants.
The aggregation of this information to central lesan bring certain advantages in the future.
First of all we build own knowledge center thataaslition to this report can be used in future
to facilitate clients by choosing the best coverbgged on risk/cost comparison. Additionally
ING would get a tool which could be used in negaiis of the premiums with insurance
companies. The information about non damage psligiethe past of the greenhouse (or
greenhouses located near by) can be used to neegtd@er premiums with underwriters.
This rule can be applied also for coinsurance pcodu

The direct incentive for ING for introduction of iogurance contract is not longer valid
because of the changes in the insurance providdiere no financial incentives for
introducing this type of product for insurance camies. That is why non-financial
incentives are compared in order to provide possishge of such product.

First general incentive is related to strategicrapph of ING. Coinsurance contract in
comparison to normal policies carry more cost feating individual policy. This cost can be
justified by strategic purposes. ING can buildaten brand by offering policies with its own
name. Even if it increases the overall costs irgéwrierm it can bring other then financial,
marketing benefits.

Standard coinsurance policy for all clients is ayy@omising argument for negotiations with
insurance companies. Such a standard policy méansit clients of ING will be insured by

risk takers which enter the coinsurance. If the am@f clients is big enough the perspective
of giving many relations to one insurance compasiygood basis fro negotiations of
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premiums and conditions. Insurance companies nmaghsider lower premiums because it
will be compensated by large amount of relationshSapproach requires good relations with
insurance providers and underwriters. The damagede can be additionally used as a proof
of low risk exposure of the given group.

In general, there are two main ways of creating®miance contract. First includes using one
of the main insurers as primary insurer who semnwith its expertise on the potential
exposures and values. He would accept a part aiigkevhereas the rest would be taken by
companies from coinsurance market. The second lpligsis to create the coinsurance
contract based on coinsurance market companies. \Bays carry certain problems. In first
case primary insurers (Avero or Delta Lloyd) miglat be interested anymore because they
can accept 100% of risk by themselves. The only wmagntive for them is the argument
presented earlier — large amount of clients. Irosdaase the obstacle is the complexity of
the insurance. To asses the risk and exposuresxiiertise is required. The only ways to
avoid this problem is to use the independent egpe&ho would value the greenhouse and
related risks on behalf of the ING. That means taaithl costs for ING because currently the
expertise is paid by the insurers. Other way inetudsing the premiums set by primary
insurer as guidelines for the brokers. They cantlise on the coinsurance market to create a
policy. Inevitably it would lead to deterioratingrelationship with insurers in long term. In
long term they would realize that the amount ofgees is surprisingly low comparing to time
invested.

Instead of creating a new coinsurance contract taiaing a good relationship with insurers
seems more justified. ING stays between customeds pmlicies providers. This position
gives them possibility and obliges them to expthsswishes of customers. That is why these
wishes should be monitored (similarly to damagenmds) and the appropriate changes to the
policies should be negotiated with the insurersesehchanges can include for example
adjusting available forms of own risk. For largasghouses it is useful to insure only large
damage which threatens the existence of the complmyg information could be used in
creating new policy by insurers not necessarilgamw coinsurance product.

In current market situation coinsurance contragihinot provide additional value added to
ING. That is why it seems reasonable to focus treropossibilities for ING to expand their
offer. The main opportunity lays rather in enhagcanoss selling rather then creating new
product. In the beginning of 2007 only 5.55% ofiagjture clients of ING bank had
insurance provided by ING as well. This is wherme ¢thanges could be applied.

The example can be taken from main competitors.oRatk clients almost entirely are
insured by Interpolis. The main reason for thiscegsful cross selling is the integration of the
banking and insurance unit within the small and iomadenterprise (SME) department (which
in Dutch is called MKB). MKB unit is focused on itkffication of the common events and
creating consistent packages for each event. St encludes:

* Building a new greenhouse

* Expand the business

* Building a new greenhouse abroad

* Purchasing and installation of new equipment

For each of these events Rabobank has preparetkageaoffer which includes banking and
insurance products that are offered to clients.
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6. Conclusion and discussion

6.1 Conclusion

With regard to the size of the greenhousethe Netherlands, there are approximately 8,600
greenhouses which own 10,500 hectares under dgi®sever, although the number of
hectares is increasing slowly (due to lack of lankdg¢ number of greenhouses is decreasing
rapidly. It is expected that it will reach 4200 gndouses in 2015. The related average size
will get doubled (from current 1.25 to 2.5 hectaresdditionally some of the greenhouses
will rise to very large size (above 20 hectareshaiMis more business is expected to remain
concentrated in one place (Westland).

With regard to the_existing insurance contraftis greenhouses, it can be concluded that
insurance policies are very complex with many perategories of coverage and different
types of greenhouses and equipments. In genenaliyores for the greenhouse range from 1
up to 2.5 %o, and for crop even up to 4 %.. The vabligoroperty is calculated based on
replacement value and for crop based on the avereaydy turnover. Flooding is not covered
in current insurance schemes.

Results of the risk analysfer wind, hail biohazard shows that in current kearconditions
the expected annual losses are almost 7.3 millldR.BVindstorm losses are responsible for
vast majority of that amount (above 6 million EURther perils despite large individual
damage have small scale of occurrence which méless tmuch less significant. Flooding on
the other hand despite the large possible valuéosdges, has very small probability of
occurrence what keeps the expected annual losgesResults indicated that damage of
approximately 86 million EUR can be expected e\l years.

Future scenarioshowed that the expected changes in the greenlsmeter will have a
significant impact on the risk exposure. The resaoftthe aggregated model showed that the
increase of the annual losses up to 10 million EtHd be expected. This rise is a
consequence of the double average size of the lypasas and related to that much larger
range of damage. Additionally the values of danfagextreme events (1/10, 20, 100 years)
is expected to increase (from 86 up to 113 milidR for the 1/100 years events)

With regard to the risk financinij was concluded that the individual risk of greeuses is
too large for small insurers to handle. The valugsk might reach 100 million EUR for the
largest greenhouses whereas the average premigmssgr(@d from analysis of the insurance
contracts) from greenhouse sector accounts for llI®MEUR (1.5%. of the insured value).
The company needs many insurance policies to be tabkffectively pool the risk. That
means that very large market share is required.

Such high individual risk is an opportunity for thetroduction of alternative insurance
product like_coinsuranceHowever the obstacle for effective introductidntluis product is

complexity of the greenhouse insurance contractigh Hevel of expertise is required.
Companies that have such expertise (Delta Lloyd Astimea/Interpolis) will not be
interested - they have enough capacity (markee3hamprovide the coverage by themselves.
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6.2 Discussion

The research questions were answered using a taisetiMonte Carlo simulation model.
Model is a simplification of reality and does na@pture the whole complex nature of the
analyzed events. However it does give insight anteial parameters and ranges of outcomes.

The main drawback of the research was data aviyalRisk analysis is usually based on
damage records. However this information was omlgtiglly available. That is why part of
the parameters is based on assumptions.

Values derived from risk analysis seem rather I@peeially if compared with losses to

greenhouses in 1990. 80% of the greenhouses hadgéaof 74 million EUR (Asseldonk et
al.2001). This value however is in the range ofrdeailts (83 million EUR ones on 100 years)

6.3 Further research

* Further development of the Monte Carlo simulatioodel. The area of interest could
include introduction of correlation between hazaxts probabilities distribution
(instead of average values).

 Research reducing complexity of the greenhouseranse contracts so that
coinsurance might be introduced.

* Analysis of more empirical data for model verificat
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Appendix

Part 1. Flooding

Table the results of the Floris project for seldaée rings (detailed and global method)

Table al, Floris results

anbroek

Noord-Holland

Source : Floris project (2001)
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Table a2.

List of muncipalities assumed to be exposed to risk of dike failures

Noord Brabant |Gelderland Utrecht
's-Hertogenbosch  |Arnhem/Nijmegen  |Abcoude
Aalburg Zuidwest Breukelen
Bergen op Zoom [ljseelstreek De Ronde Venen
Cuijk Houten
Drimmelen IJsselstein
Geertruidenberg Maarssen
Grave Montfoort
Heusden Nieuwegein
Lith Oudewater
Maasdonk Utrecht
Moerdijk Vianen

Oss Wijk bij Duurstede
Steenbergen Woerden
Werkendam

Woudrichem

Overijssel Friesland

steenwijkerland |All provinces except:

Staphorst Heerenveen

Zwartewaterland |Ooststellingwerf

Kampen Opsterland

Zwolle Weststellingwerf

Olst-Wijhe

Deventer

Calculations of probabilitiesfrom Floris study

The flood probability in th@ er schelling dike ring area (dike ring 3) was calculated tc60
per year. It has been assumed in the calculatdshpiigy of flooding that the mud flats will
help to prevent piping. The most important failurechanism is non-closure of the two
hydraulic structures. More insight into the relldabiof the closing procedures could lead to a
reduction in the flooding probability, possibly1610,000 per year.

For theNoordoostpolder dike ring area (dike ring 7) flooding probability 1/900 per year.
Advanced testing of hydraulic structures are exgdb reduce the flooding probability to
1/3100 per year.

Mastenbroek dike ring area (dike ring 10). The calculated fiom probability is greater than
1/100 per year. Further investigation of the stitectof the subsoil may help to reduce the
uncertainty surrounding piping, which could resuit a lower calculation of flooding
probability. Further to the safety assessment, ipaysneasures may well also be taken to
reduce the probability of piping. As a result theotling probability could be reduced to
1/400 per year.

For Noord-Holland (dike ring 13) flooding probability is under 1/5@@r year. The dike
manager was aware that the dikes and dunes hagé arobability of failure in some places.
In several places repair work on the dike was diyga progress. The probability of non-
closure of the Sas lock at Enkhuizen also conteitbtiv the high flooding probability.

For the Zuid-Holland dike ring area (dike ring 14) there is relativedynall flooding
probability of 1/2500 per year. The most importaatises of flooding in this dike ring area
are failure of the boulevard at Scheveningen, gipmnone of the dike sections, and failure to
close some hydraulic structures on time. The dikenager acknowledges this, with the
exception of the dike section with a large prolgbif piping. By improving the relatively
weak locations the flooding probability can be regtlito 1/7000 per year.
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Lopiker- en Krimpenerwaard dike ring area (dike ring 15). The calculated fliom
probability is more than 1/100 per year. The flomdprobability is heavily influenced by the
large probabilities for non-closure of a lock, lassstability due to uplifting, as well as
piping. The calculated probability of piping is mii due to uncertainty in the data. Further
investigation may well lead to a smaller probailiBy strengthening the relatively weak
spots, the flooding probability can be reduced/@9)Q per year.

Alblasserwaard en Vijfheerenlanden (dike ring 16). According to the calculations the
flooding probability is 1/400 per year. The maiusa of the large flooding probability is the
large probabilities calculated for piping. In adut uplifting and structural failure of the
locks also play a role. The manager did not thin& high probability of piping likely.
However, seepage has been observed at high watds.ld-urther investigation can show
whether the probability of piping has been ovemeated. The dike manager did subscribe to
the result that the dikes are subject to staljliblems due to uplifting.

Goeree-Overflakkee (dike ring 25), calculated flooding probability 141200 per year, The
main causes of flooding according to the calculetizvere piping, damage to the asphalt dike
revetment, the height of the Flaauwe Werk dike am@, lesser extent, non-closure of several
hydraulic structures. It is not clear whether thastually are relatively weak spots because
the uncertainties in the data are great. In plade=re the dike manager did not expect there
to be a large probability of piping, these probitibs were not included in the calculation of
flooding probability. For two sections of dike thalculations indicated a large probability of
instability. During the statutory safety assessmi@nR001 these dike sections were not
approved for these reasons and measures to imgireneare now being implemented. In the
calculation of the flooding probability it has beassumed that these measures have been
completed.

Zeeuwsch-Vlaanderen (dike ring 32). The flooding probability is largebetermined by
stability problems near a pumping station and closehe dikes. For a second safety
assessment of the water defences the Water BoHledted more information, from which it
appears that the pumping station could be approvéte second test. The data for the safety
assessment of the dikes is not yet available. Bhaulated probability may therefore be an
overestimate. It is clear that stability problerosstitute a real risk here because the dikes are
high and steep and stand on weak layers in theogdubhe calculated flooding probability is
greater than 1/100 per year.

For Land van Heusden/de Maaskant (dike ring 36) the calculation results in a floogli
probability of more than 1/100 per year. The flogdprobability is mainly due to the high
probability of piping. The dike manager endorsessthresults. When further research is done
on this failure mechanism and strengthening measare taken, if necessary, the flooding
probability may be reduced to 1/220 per year.

Bommelerwaard (dike ring 38). The calculated flooding probalyivas 1/260 per year, the
economic risk. The reasons for this relatively hilgloding probability are a high probability
of piping (particularly at two sites where there aand strata under the water defence) and
non-closure of hydraulic structures. The dike managnfirmed this picture and will further
investigate whether the condition of the hydrawdicictures needs improvement and what
measures will be required for this.

Land van Maas en Waal dike ring area (dike ring 41). According to thdcaations the
flooding probability is greater than 1/100 per yed@he reasons for the calculated high
flooding probability are relatively large probab#és of piping and for the non-closure and
structural failure of hydraulic structures. Thealikanager confirmed this picture.

Ooij en Millingen (dike ring 42). Calculated flooding probability 161,400 per year. In this
dike ring overflow and overtopping is the indicatifailure mechanism for a flood. The dike
manager agreed with this picture.
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Betuwe, Tieler- en Culemborgerwaarden dike ring area (dike ring 43). The calculated
flooding probability is greater than 1/100 per ye@wriginally, relatively large flooding
probabilities were calculated for the failure meubkm piping. The reason for this was major
uncertainties in the data. The dike manager didtlmok that these problems applied at the
sites in question. Therefore it was decided to wkelthis probability of failure in the
calculation of the flooding probability. Investigat of the soil structure could show whether
there is a risk due to the failure mechanism ofngpOther reasons for the relatively large
flooding probability are the large probability afriectural failure and non-closure of some
hydraulic structures. The dike manager acknowlediysdand has started an investigation of
the hydraulic structure with stability problems.

Rijn en IJssel (dike ring 48). Calculated flooding probability i200 per year. The flooding
probability is largely determined by the high prbilisy of piping. In this case it would
appear that this high probability cannot be put kld@vuncertainty about the soil data. Other
causes for the relatively high flooding probabiliine the high probability of structural failure
of three hydraulic structures and non-closure af hwdraulic structures.

In Oost-Veluwe (dike ring 52) the calculated flooding probabilisy more than 1/100 per
year. The most significant contribution to the flotg probability comes from piping in a
number of dike sections. Overflow and overtoppilsp @lay a role and, to lesser extent, non-
closure of the Nieuwe Wetering discharge sluicee @itke manager confirmed some of this.
If measures were to be taken in the dike sectiaim Wie high probability of failure for
overflow and overtopping, the flooding probabilityuld be reduced to 1/250 per year.
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Part 2. Detailed review of the insurance contracts

Table a3. Review of insurance contracts of Deltaydl

Case 1 Case 2 Case 3 Case 4
Location Waddinxveen Bergschenhoek | Waddinxveen Hensbroek
Type Venlo Venlo breedkap Venlo breedkap breedkap breedkap bree. met kantine
Size: (m2) 4,019 5,760 37,581 17,224 16,000
Crop Gerbera Orchid Rozen Flowers and Tulips
Construction: NEN 3859 aluminum NEN 3859 NEN 3859 NEN 3859
Value: (EUR) 190,500 234,800 4,298,300 895,200 194,200 176,900 204,600 883,800
Glasshouse C: (%) 1.17 2.7 - 1.4 - - - -
E: (%0) 0.13 0.23 - - - - - -
F: (%o) 0.09 0.09 - - - - - -
G: (%0) 0.04 0.04 - - - - - -
Premium ratio paid(%o): (C+E) 1.3 2.93|(C+G) 1.52 14|(CEG)1.89 (CEG)1.44 (CEG)1.44 1.44
Basis premium paid(EUR) 247.65 687.96 6,533.42 1.253 367.03 254.73 294.62 1,272.67
Value: (EUR) 144,900 1,115,000 258,000 15,300 86,300 29,800 138,000
C: (%o0) 1.13 1.06 1.25
Building F: (%o) 0.13 0.09
G: (%o) 0.13 0.14
Premium ratio paid(%o): (C+F) 1.26 1.06 1.25|(C+G) 1.26 (C+G) 1.26 (C+G) 1.26 (C+G) 1.26
Basis premium paid(EUR) 182.57 1181.9 322.75 19.27 108.73 37.54 173.88
Value: (EUR) 199,500 751,700 348,200 275,000
C: (%o) 1.35 - 15
) D: (%) 0.9 -
Heating
installation E* (%) 0.18 °
F: (%o) 0.18 -
Premium ratio paid(%): (C+D+E) 2.7 (C+G) 1.44 1.5|(C,D,F,G) 2.16
Basis premium paid(EUR) 538.65 1,082.45 522.3 594
Value: (EUR) 55,000 490,000 86,000 55,000
C: (%o) 1.58 - 1.75
E: (%0) 1.8 -
Water
installation F* (%°) 0.18 °
G: (%o) 0.18 -
Premium ratio paid(%): 1.58 (C+G) 1.82 1.75|(C,E,F,G) 3.74
Basis premium paid(EUR) 86.9 891.8 150.5 205.7
Value: (EUR) 86,000 915,000 85,000 168,000
C: (%o) 171 - 1.9
E: (%0) 0.9 -
Screens
installation F+ (%°) 0.18 N
G: (%o) 0.18 -
Premium ratio paid(%): 1.71 (C+E+G) 2.63 1.9|(C.E\F,G) 2.97
Basis premium paid(EUR) 147.06 2,406.45 161.5 498.96
Value: (EUR) 61,000 1,250,000 550,000 49,500
C: (%o) 1.35 - 1.94
E: (%) 0.23 -
Electric
installation - (%°) 045 N
G: (%0) 0.18 -
Premium ratio paid(%o): 1.35 (C,E,F,G)2.07 |[(C+F) 2.00 (C.EF,G) 194
Basis premium paid(EUR) 82.35 2,587.50 1,100 96.03
Value: (EUR) 47,500 150,000 50,000 38,000
C: (%o0) 171 -
_ E: (%) 4.05 -
Automatic
equipment F: (%) 0.72 -
G: (%0) 0.18 -
Premium ratio paid(%o): (C,E,F,G) 6.66 (C,E,F,G)6.08 |(C+G) 2.10 |(C,EF,G)6.66
Basis premium paid(EUR) 316.35 912 105 253.08
Value: (EUR) 79,500 75,000 50,000 115,000
C: (%o0) 2 22
Inventory and F: (%o) 0.72
equipment  G: (%) 0.18
Premium ratio paid(%o): 2 (C+F) 2.52 2.2|(C,F,G) 2.88
Basis premium paid(EUR) 159 189 110 331.2
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...continuation review of Delta Lloyd contracts

Value: (EUR) 15,000
C: (%o) 2
stocks (%) 0.72
G: (%o) 0.18
Premium ratio paid(%): 2
Basis premium paid(EUR) 30
Value: (EUR) 100,000 600,000 255,400 203,800
Cleaning cost Premium ratio paid(%o): 2.1 1.35 1.5|(C+G) 1.35
Basis premium paid(EUR) 210 810 383.1 275.13
Value: (EUR) 100,000
Extra cost  Premium ratio paid(%o): 2.1
Basis premium paid(EUR) 210
Value: (EUR) 1,249,700
C: (%) -
Cooling  F: (%o)
instalation G- (%)
Premium ratio paid(%): (C+G) 1.44
Basis premium paid(EUR) 1,799.57
Value: (EUR) 800,000
C: (%o0) 0.51
E: (%0) 0.25
cutting tables F: (%o) 0.04
G: (%0) 0.08
Premium ratio paid(%o): 0.51
Basis premium paid(EUR) 408
Value: (EUR) 835,000
A: (%o) -
Heating E: ()
center - (%)
G: (%o)
Premium ratio paid(%o): (A+G) 1.36
Basis premium paid(EUR) 1,135.60
Value: (EUR) 1,500,000
C: (%o0) 1.69
E: (%0) 1.27
Internal
transport  ©- (%) 0.17
G: (%0) 0.17
Premium ratio paid(%o): 1.69
Basis premium paid(EUR) 2,535
Value: (EUR) 1,300,000
C: (%o0) 1.69
E: (%0) 1.27
Packing line F: (%) 0.17
G: (%0) 0.17
Premium ratio paid(%o): 1.69
Basis premium paid(EUR) 2,197
Value: (EUR) 45,000
C: (%o)
Plant E: ()
machine  F+ (%)
G: (%o)
Premium ratio paid(%): (C,F.G) 234
Basis premium paid(EUR) 105.3

Source: ING Risk and Consultancy, 2006

Summary of insurance contracts of 4 companies wftirmation about value of property and premiumisipa
Insured perils:

A — Fire, thunder, explosion, implosion, and damfrgen plain accidents

B — A and storm, hail and snow pressure damage

C — B and escape of steam, liquids, precipitatiamage, (road and water damage)
D — “Droogstoken of ketelinstallatie” only with cdmmation with C

E — Other damage from external perils and faildrequipment

F — Vandalism, damaged and stolen property

G — Induction damage as a result of thunder

F — Damage from hail to garden centre from 1 AjriB1 October
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Table a4. Review of insurance contracts of Achmea

Glasshouse

type

size
Broeiglas
opstallen
apparatuur

monthly
yearly
premium ratio
coverage

cleaning costs

Case 1 Case 2
A B
breedkap breedkap + foliedek breedkap

82,966.90 130,582.15 835,704.00
113,639.73 189,820.80 713,100.00
149,127.86 126,301.50 3,215,875.00
345,734.49 446,704.45 4,764,679.00
97.28 305.51 806.30
1,167.36 3,666.12 9,675.60
3.38 8.21 2.03

all external risks*
+10%cleaning

all external risk

all external risk
+10%cleaning

costs* +10%cleaning costs costs
Buildings
value 38,717.00 8,470.00 659,336.00 98,012.00 39,127.00 286,774.00
monthly 5.58 1.62 90.68 13.42 5.67 39.13
yearly 66.96 19.44 1,088.16 161.04 68.04 469.56
premium ratio 1.73 2.30 1.65 1.64 1.74 1.64
coverage A* A A and B* A and B A and B A and B
. +10%cleaning +10%cleaning  +10%cleaning  +10%cleaning
cleaning costs +10%cleaning costs +10%cleaning costs costs costs costs costs
value 17,316.00 83,336.00 2,928,873.00 307,305.00 82,797.00
monthly 4.33 11.47 403.72 42.27 13.45
yearly 51.96 137.64 4,844.64 507.24 161.40
premium ratio 3.00 1.65 1.65 1.65 1.95
coverage A A and B A and B A and B A and B
. +10%cleaning +10%cleaning  +10%cleaning  +10%cleaning
cleaning costs .
+10%cleaning costs costs costs costs costs
value 426,129.00 800,000.00 250,000.00
monthly 58.64 110.00 34.37
yearly 703.68 1,320.00 412.44
premium ratio 1.65 1.65 1.65
coverage A and B Aand B A and B
. +10%cleaning +10%cleaning  +10%cleaning
cleaning costs
costs costs costs
Crop value 1,000,000.00 100,000.00 50,000.00
monthly 355.00 23.10 25.65
yearly 4,260.00 277.20 307.80
premium ratio 4.26 2.77 6.16
coverage A and C A and C A and C
Equipment
Inventory value 339,654.50 131,596.26 936,000.00
Stock monthly 101.82 30.92 121.65
yearly 1,221.84 371.04 1,459.80
premium ratio 3.60 2.82 1.56
coverage - -
Electronics value 10,663.84 4,764.69 8,600.00
monthly 6.13 5.67 4.77
yearly 73.56 68.04 57.20
premium ratio 6.90 14.28 6.65
coverage
Turnover value 600,000.00 500,000.00 400,000.00
monthly 137.50 81.45 65.00
yearly 1,650.00 977.40 780.00
premium ratio 2.75 1.95 1.95
Extra costa
value 22,689.01
monthly 4.25
yearly 51.00
premium ratio 2.25

Source: ING Risk and Consultancy, 2006
Summary of insurance contracts of 4 companies iwftirmation about value of property and premiumisipa
*Insured perils:
A — Fire, thunder, explosion, implosion, and damfrgen plain accidents

B — A and storm, hail and snow pressure damage....

C - B and escape of steam, liquids, precipitateamage, (road and water damage)
D — “Droogstoken of ketelinstallatie” only with cdmmation with C
E — Other damage from external perils and faildrequipment

F — Vandalism, damaged and stolen property
G — Induction damage as a result of thunder
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Part 3. Biohazard characteristics

Opogona sacchari (banana moth)

0. saccharihas a wide host range, and is found mainly in theids on bananas, pineapples,
bamboo, maize and sugarcane, in the field and oousstored tubers. In glasshouses in
European countries, it has been found infestingouartropical or subtropical ornamentals,
including mainly Cactacea®racaena Strelitziaand Yuccaln Netherlands it can be found
only in glasshouses, brought by the internatioradd in the propagation material of the host
plants. When an greenhouse is affected it is dleared replanted and the soil should be
steamed (or removed) to eliminate any residual pupa

Liriomyza

The vegetable leafmineLiriomyza sativaeBlanchard, is found commonly in the southern
United States from Florida to California and Hawaind in most of Central and South
America. It cannot survive cold areas except iregh®uses.

Bemisia tabac{Tobacco whitefly, sweet potato whitefly, cottoniteffly)

Until recently,B. tabaciwas mainly known as a pest of field crops in tcapand sub-tropical
countries: cassava, cotton, sweet potatoes, tobandotomatoes. RecentH. tabaci has
become a pest of glasshouse crops in many parttheofworld, especiallyCapsicum
courgettes, cucumbers]ibiscus Gerberg Gloxinia, lettuces, poinsettiaB. tabaci moves
readily from one host species to another and imattd as having a host range of around 600
species In Netherlands is limited only to glasslesubut taking into account the outbreaks in
other Northern countries the similar one in Netdueadlis possible.

The feeding of adults and nymphs causes chloritésgp appear on the surface of the leaves.
Depending on the level of infestation, these spuay coalesce until the whole of the leaf is
yellow, apart from the area immediately around Weens. With heavy infestations, plant
height, number of internodes and quality and qtyanfiyield can be affected (e.g. in cotton).
B. tabaciis the vector of over 60 plant viruses The geniinses are by far the most
important agriculturally, causing yield losses tops of between 20 and 100% Tomato crops
throughout the world are particularly susceptiblenany different geminiviruses, and in most
cases exhibit yellow leaf curl symptoms

Thrips palmi(melon thrips)

It has the potential to infest greenhouse cropselyjdbut under field conditions its
distribution likely will be limited to tropical aes. Among vegetables injured are bean,
cabbage, cantaloupe, chili, Chinese cabbage, cowpeaimber, bean, eggplant, lettuce,
melon, okra, onion, pea, pepper, potato, pumpkguash, and watermelon. Tomato is
reported to be a host in the Caribbean, but nttenUnited States or Japan. Tsai et al. (1995)
reported that cucurbits were more suitable tharplegd, whereas pepper was less suitable
than eggplant. Other crops infested include avocadonation, chrysanthemum, citrus,
cotton, hibiscus, mango, peach, plum, soybean,ctmhaand others. Melon thrips cause
severe injury to infested plants. Leaves becomewelwhite or brown, and then crinkle and
die. Heavily infested fields sometimes acquire anke colour. Damaged terminal growth
may be discoloured, stunted, and deformed.

Ralstonia solanacearum
Race loccurs in tropical areas all over the world andcks$ tobacco, many other solanaceous
crops and many hosts in other plant families. & adigh temperature optimum (35, as do
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race 2, 4 and 5). Race 2 occurs mainly in tropacaas of South America and attacks bananas
andHeliconia(causing socalled Moko disease), but also in thippmes (causing so-called
bugtok disease on plantains). Race 3, occurringigtier altitudes in the tropics and in
subtropical and temperate areas attacks mainlytgo@ad tomato. Race 4 is particularly
aggressive on ginger, race 5 (biovar 5) is speadlbnMorus .

Helicoverpa armigerdOld World (African) bollworm, corn earworm, cottdsollworm)

It is currently placed on Annex | A Il of Council Dateve 2000/29/EC, meaning that it is
considered to be a phytosanitary risk to the wiobllhe EU and that phytosanitary measures
are required when it is found on any plants or fpppanducts. EU Member states, in particular
The Netherlands and United Kingdom, frequentlyrceptH. armigeraon imported produce
(especiallyDianthusand Rosacut flowers,Phaseolus, Pisurand Zea mayk and on some
ornamental cuttings. These imports often originfiten Third Countries. HoweverH.
armigerais already widely present in some EC members sadBraece, Portugal and Spain
and present though less widespread in many mote asdustria, Czech Republic, France,
Germany, Hungary, Italy and Lithuania. Furthermore,

H. armigerais a highly polyphagous species. The most importaop hosts of which.
armigerais a major pest are tomato, cotton, pigeon peakpka, sorghum and cowpea; other
hosts include groundnut, okra, peas, field beaagheans, lucerneé?haseolusspp., other
Leguminosae, tobacco, potatoes, maize, flax, a eumbfruits (Prunus, Citrus), forest trees
and a range of vegetable crops (CAB, 2006).

Tobacco Ringspot Viruld RSV) (Tabakskringvlekkenvirus)

TRSV gives damage to different kind of planigaccinium spp grape,Gladiolus, Iris,
Lilium, Narcissus, Petunia, Pelargoniuamdtulips. It results in growing disorders and grow
reduction and it gives spots and rings on the lealfehere is a infection, the Plant Service
standard destroys the party/badge.

Xanthomonas axonopods. DieffenbachiagBacterial blight of aroids, anthurium blight)
Natural hosts are ornamental foliage plants Aglaeonemand Anthurium the disease has
two stages (leaf infection and systemic infectio®ystemically infected leaves or flowers
easily break off and may show dark-brown streakthatr base, which gradually enlarge.
When petioles are cut, yellow-brown vascular busi@dlee visible. Eventually the entire plant
is killed.

Xanthomonas fragariaAngular leaf spot)

X. fragariaewas first described in 1962 in North America. lblpably spread from there, with
planting material, to other continents but thi®imy a presumption. Locally present in many
European countries

Clavibacter michiganenssubspmichiganensisRacterial canker, bird's eye)

The main host of economic importance is tomatoasthe pathogen has also been reported
on other plants. Recently it has been also repedig@esence on wheat, barley, rye, oats,
sunflowers, watermelons and cucumbers as hoststificia stem inoculation. In the EPPO
region, the main host is tomato, while some sudglepsolanaceous weeds could be potential
reservoirs of the pathogen.

Spodoptera littoraligCotton worm, African cotton leafworm)
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In Italy, mostly found in glasshouses where it e@udamage to plant and flower production,
recognizable by the large bites taken out of lealreSicily, vegetables and fodder crops are
affected, as well as maize. In North Africa, indigtproduction (tomato, capsicum, cotton,
maize) and vegetables are affected. In Egypt,ahesof the most serious cotton pests.

Rhizoecus hibiscroot mealybug

The literature mainly refers to pot plants (espBciaonsais). Most such records are on the
bonsai plant. Other hosts include ornamentalsadeliplants. In all, 20 plant families are

represented. It has spread to a limited extentddiNAmerica and Europe. Damage by the
root mealybug is nonspecific in that the most comragmptoms are slow plant growth, lack

of vigor and subsequent death. Root mealybug iswidient unless the root ball is examined
by removing the plant’'s pot. White, waxy substaacel adult females will be noticeable

especially between the pot and root ball

Xiphinema americanumhe Dagger nematode

Dagger nematodes cause root stunting and tip galimaddition, as virus vectors they can be
damaging at very low population levels. Enlargeot tgps and feeder roots may occur which
could result in a 'witches' broom' effect on thetrdrields may be reduced when nematode
populations reach high levels. It has a wide hasge including strawberries, soybeans, forest
trees (spruce, pine, etc.), perennial orchardsedisas grape. Chemical control is effective in
protecting new roots from nematode feeding unalytban become established.
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