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PREFACE 

This master thesis is the result of my graduation project of disaster risk reduction on Saint Martin. By 

completing this graduation research project, I conclude the master track Urban Systems and Real Estate 

at Eindhoven University of Technology. This master track is a specialization of the Architecture, Building 

and Planning master program at the faculty of the Built Environment.  

Hurricane Irma left a trace of destruction after striking among others the island Saint Martin on 

September 6th, 2017. The island and its population face major challenges to recover to pre-disaster level. 

Recovery by simply returning to the pre-disaster status will not be enough to establish a durable island. 

Research into methods to improve recovery is essential knowing the Caribbean is a hurricane prone area 

and natural disaster will become more frequent and more intense due to climate change. By using my 

knowledge and skills I try with this thesis to improve the disaster risk reduction of Saint Martin by 

improving urban planning and urban recovery processes. The societal relevance and scope of the topic 

made me interested to investigate how I can contribute reducing disaster risk from an urban planners’ 

perspective. 

This thesis could not have been completed without the help from my supervisors. I want to thank Sophie 

Rousseau, Aloys Borgers and Peter van der Waerden all for their guidance and feedback during the 

entire graduation process. Your view on this subject and critical questions have made me think in the 

right direction and was of greatest importance to establish this thesis as it is.  Next, I want to thank the 

interviewees who have made time to answer my questions and share their experiences. These meetings 

gave me comprehensive insights in this subject area.  

Finally, I want to thank my parents, family and friends for their support and encouragement during the 

entire graduation process.  

Enjoy reading,  

 

Maarten Bink 

Eindhoven, January 2019 
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SUMMARY 

INTRODUCTION 

Hurricane Irma struck the island of Saint Martin on September 6, 2017 resulting in 14 deaths and 70 to 

90% of the buildings damaged (Arroyo, Corbella & Poveda, 2017). The Caribbean is one the most prone 

regions to hurricanes in the world. The statistics show that Saint Martin is brushed or hit by a hurricane 

once every 2.8 years on average. When only considering major hurricanes, the island is directly hit once 

every 18.1 years (Sealy & Strobl, 2017). This articulates the necessity to improve the protection against 

hurricanes.  

Climate change threatens islands like Saint Martin. Rising temperatures and rising sea levels will increase 

the frequency of hurricanes (Dinan, 2017; Veenema et al, 2017). Besides, hurricanes with the strength of 

Irma will become less exceptional since the heating of planet earth causes hurricanes to have a magnified 

intensity up to 20% in 2100 (Gutowski et al, 2008). 

The major destructions and lack of food, electricity, water and communication prove that Saint Martin is 

still not prepared enough to withstand hurricane strikes (Ahmed, 2017). It is necessary to gain more 

insight why existing knowledge about more robust building is not yet applied. Besides, there is little 

regulation on the location of people’s houses regarding the dangers of natural disasters. Lessons from 

previous events could not prevent the major destructions to happen in September 2017. Next to the 

urge to improve the urban recovery process on Saint Martin, the literature lacks consensus and holistic 

solutions for islands such as Saint Martin to become more resilient. Saint Martin consists of two parts: 

the northern part of the island is a French collectivity and is referred to as Saint-Martin; the southern 

part of the island is a separate country within the Kingdom of the Netherlands and is referred to as Sint 

Maarten.  

Following from the background information, the aim of this study was to determine how Saint Martin 

can be better prepared to hurricanes by means of urban planning and improving urban recovery 

processes. The corresponding research question was: 

“How can urban planning and urban recovery processes improve the disaster risk reduction on 

Saint Martin in relation to hurricanes?” 

LITERATURE 

First of all, it is important to have a general understanding of the principle of ‘urban recovery’. The United 

Nations General Assembly (UNGA) (2016) has published a definition of urban recovery which is 

commonly accepted: 

“The restoring or improving of livelihoods and health, as well as economic, physical, social, cultural 

and environmental assets, systems and activities, of a disaster-affected community or society, 
aligning with the principles of sustainable development and ‘build back better’, to avoid or reduce 

future disaster risk.” (UNGA, 2016) 

Economic recovery of a country or area after a natural disaster is one of the most important conditions 

for a successful urban recovery (Tierney, 2007). However, in literature no consensus can be found on 

possible positive effects in long-term recovery after a natural disaster. Skidmore and Toya (2002) prove 
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that climatic disasters, such as hurricanes, are positively correlated with economic growth. Other 

researches show that there is no long-term economic effect due to a hurricane (Klomp and Valckx, 2014; 

Cavallo, Gailiani, Noy & Pantano, 2013). Acevedo (2014) argues a negative effect of hurricanes to 

economy on the long term. The lack of conformity is due to the differences in hazards, impacts and 

vulnerabilities per case (Noy & duPont, 2016). However, there is consensus that a disaster creates a 

‘window of opportunity’ for new developments because of a sudden momentum (Wilkinson, Twigg & 

Few, 2018). 

Physical recovery in literature is mainly investigated on two subjects: housing and critical infrastructure. 

Regarding houses, mostly the possibility of relocation, construction materials and enforcing building 

codes are investigated (Arroyo, Corbella & Poveda, 2017; Briceño, 2015; Chmutina & Bosher, 2015; 

Dabral & Maddalo; 2012; Glotzbach, 2018; Hettige, Haigh & Amaratunga, 2017; Hinzpeter & Sandholz, 

2018; Hooper, 2015; Mimura, 1999; Nguyen, Ginige & Greenwood, 2018; Yee, 2018). Critical 

infrastructure is emphasized to be essential for recovery by multiple researches (Barabadi & Ayele, 2018; 

Deshmukh, Oh & Hastak, 2011; Lyons, 2009; Pursiainen, 2018).  

Multiple researches have shown that natural disasters often lead to marginalization of vulnerable groups. 

Community involvement or beneficiary participation is mentioned as a means to serve the interests of 

this vulnerable group within society (Blake et al, 2017; Kammerbauer & Wamsler, 2017; Lawther, 2009; 

Pongponrat & Ishii, 2018). Both Blake et al. (2017) and Pongponrat and Ishii (2017) mention a limited 

social network, a lack of resources and a lack of the ability to use these resources as reasons how 

vulnerable people are being marginalized due to a disaster. Involving the community in reconstruction 

projects has benefits, such as: reducing costs, a better final product with greater societal support, 

reducing disaster trauma and preserving local cultural heritage (Di Gregorio & Soares, 2017; Lawther, 

2009). In all stages of recovery residents are (one of) the most important stakeholders (Xu, Xu & Lu, 

2016). Environmental recovery is less often researched. However, there is consensus about the 

importance to incorporate the environment in urban recovery. Deforestation, urbanization and 

ecosystem destruction, such as mangroves and coral reefs, exacerbate the consequences of natural 

disasters (Hinzpeter & Sandholz, 2018; Srinivas & Nakagawa, 2008). Besides, debris pollutes the 

environment, while disaster debris can be used as a resource for all kinds of construction works (Reja, 

Brody, Highfield & Newman, 2017; Srinivas & Nakagawa, 2008). 

Reducing the disaster risk for future disaster is tried to be implemented during urban recovery and 

through ‘Building Back Better’. The definition of disaster risk reduction is: 

“The concept and practice of reducing disaster risks through systematic efforts to analyse and 

manage the causal factors of disasters, including through reduced exposure to hazards, lessened 
vulnerability of people and property, wise management of land and the environment, and 

improved preparedness for adverse events.” (UNISDR, 2009) 

One of the challenges is the short political time horizons (Vorhies, 2012). Since disaster risk reduction is 

about long-term planning this is not a favorable subject to flaunt with. However, the benefits of pre-

disaster recovery planning are clear. Wu and Lindell (2004) conclude that the speed of housing 

reconstruction is higher when a recovery plan is created before the disaster happens. This is mainly due 

to the time-saving compared to when conflicts occur when different stakeholders do not clearly know 

their tasks and responsibilities. Issues in the recovery plan will be encountered in the process while 

creating it in case of a pre-disaster recovery plan. Another challenge is often the lack of authority of local 

government to apply DRR measures (UNISDR, 2017a). 
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METHODOLOGY 

Three research methods are chosen to perform this research. These methods are semi-structured 

interviews, Best-Worst Scaling (BWS) analysis and a damage analysis. 

The semi-structured interviews the most appropriate method to use for experts to share their opinion 

and recommendations on the urban recovery and especially the disaster risk reduction policy on Saint 

Martin (Hooper, 2015; Whiting, 2008). The interviewees do represent the most important stakeholders 

in urban recovery and disaster risk reduction: government, business (consultants) and charity. 

Unfortunately, only 6 (out of 49 invited) experts wanted to participate in the end.  

The BWS is a discrete choice experiment method. BWS is suitable for researches in which the absolute 

best item from a long list must be identified, rather than the relative level of importance among the 

items. Under condition of enough respondents, BWS eliminates cultural and personal biases from the 

answers (Flynn, 2011). Besides, this method can be used to assess the scores on individual level and for 

sub groups (University of Technology Sydney [UTS], 2014). The respondent needs to assess which item 

is best and which one is the worst in a comparison table. The task for each set of items is to choose the 

most important and least important item to implement in disaster risk reduction policy. The items are 

extracted from literature (Etinay, Egbu and Murray, 2018; Mannakkara & Wilkinson, 2014; Munene, 

Swartling, Thomalla, 2018; Wilkinson et al, 2018; Woolf, Twigg, Parikh, Karaoglou & Cheaib, 2016) 

including the prevailing Sendai framework for disaster risk reduction from the United Nations (United 

Nations Office for Disaster Risk Reduction, nd a). Three of the six interviewees have completed the BWS. 

This small number of respondents must be considered when analyzing the results.  

A damage analysis is performed to investigate the relationship between roof material, roof type and 

level of damage. Data from OpenStreetMap (OSM) (2018) and PDC Global (2017) is used to enter into a 

geographical information system to perform statistical analyses.  

RESULTS 

A difficulty that is mentioned by all categories of interviewees is the coordination of resources to the 

disaster area. The local government often lacks experience and is incapable of controlling such big 

processes with bulk loads of goods. In the specific case of Sint Maarten, the attitude towards the 

Netherlands created a precarious situation due to the colonial past and contemporary feelings about 

that. Sint Maarten depends on help from the Netherlands, but should legally not only rely on this help, 

because both are separate countries within the Kingdom of the Netherlands. The lacking experience with 

a disaster of this size caused both parts of the island left with ad hoc decision about the recovery. The 

citizens on the Dutch part have been found very resilient and started reconstructing immediately. The 

citizens on the French site in contrast, in general, waited for the government to take initiative. Since the 

locals of Saint-Martin receive monthly payments from the governments there was little initiative from 

society to start reconstructing. At the same time the French government took its time to come up with 

a well-considered plan for the recovery. France is a very centralized state. This made the regulation of 

processes and resources for Saint-Martin easier. Most decisions were made in Paris and were imposed 

to Saint-Martin. The biggest problem however for Saint-Martin was the total lack of preparedness for 

such a disaster. Besides the lack of preparation, less people can afford insurance on the entire island, 

which leaves people financially and ultimately physically vulnerable for next disasters. In the beginning 
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the reconstruction in Sint Maarten had a faster pace. After one and a half year both sides are on 

approximately the same level of recovery.  

Two respondents with a governmental background and one with a consultancy background have 

completed the BWS questionnaire. According to the multinomial logit model, the two most important 

items in disaster risk reduction policy are ‘Risk reduction through preparedness and early warning’ and 

‘Strengthening critical infrastructure’, while ‘Protection of cultural assets’ and ‘Transparent decision-

making structure’ appeared to be the least important items. The outcomes from the BWS are not 

surprising based on the interviews and literature. However, the fact that ‘Community involvement’ was 

not considered important is in contrast with literature about most effective DRR measures. In addition, 

items concerning ecology did score low, while literature shows how this can contribute effectively to 

DRR. Moreover, ecological measures are necessary to reduce the cause of increasing natural disaster: 

climate change.  

The damage analysis is first performed for the roof types. Flat and hipped roofs are distinguished for 

this analysis. Hipped roofs should perform better according to the theory, especially with an angle of at 

least 17° (Foss, 2006). In total 48.9% of the roofs were completely destroyed, of buildings of which the 

roof type is known in two selected neighborhoods in Sint Maarten (Dutch Quarter and Middle Region). 

Of a significant higher percentage (53.7%) of all flat buildings the roof was completely destroyed. In the 

set of buildings with hipped roofs a significant lower percentage (35.4%) was completely destroyed, 

which is both in line with the literature (Bruney, 2017; Foss, 2006; Meecham, Surry & Davenport, 1989).  

Three different materials for roofing are distinguished: concrete, metal and roof tiles. In total 49.6% of 

the roofs is completely destroyed of buildings of which the roof material is known in the two selected 

neighborhoods in Sint Maarten. Of all buildings with concrete roofs 58.0%, the roof has been completely 

destroyed. Next, 46.2% of all buildings with metal roofs the roof has been completely destroyed. This 

means metal did perform as average. At last, of all buildings with roof tiles 40.8%, the roof has been 

completely destroyed. These results are significant. This is unexpected since concrete roofs should be 

most resistant to high wind speeds and roof tiles least high wind resistant (Dabral & Maddalo, 2012; 

Dowrich-Phillips, 2017; Shanmugasundaram et al, 2000). This may be caused by reported situations 

where people poor concrete on an existing roof to strengthen and add weight. However, this can result 

in very dangerous situations (Saint Martin News Network, 2018). The foundations and walls of 

constructions are normally designed for the applied roof and not for a massive increase of weight on 

the roof due to the added concrete, what may result in collapsing roofs. Besides, socio-demographic 

characteristics of the households in the houses with concrete roofs may have caused this result, since 

houses with the same roof materials often tend to be clustered. The selected neighborhoods, Dutch 

Quarter and Middle Region, are known to consist mainly of low-income houses and slums. Therefore, 

building quality here is often not sufficient to what building codes prescribe (Bijnsdorp, 2017; 

Marijnissen, 2017). Chi-square test showed that concrete roofs, and metal roofs to a lesser extent, are 

significantly correlated with flat roofs. The bad performance of flat roofs compared to hipped roofs may 

explain the bad performance of concrete and metal roofs during Irma. Besides, the good performance 

of roof tiles might be explained by the fact that those are significantly often constructed on hipped roofs 

that perform well against high wind speeds. Other problems occur when people construct their own 

house safely, but surrounding buildings have cheap and wind susceptible roofs. Then well-constructed 

buildings are likely to be damaged by flying debris (Bruney, 2017; Glotzbach, 2018).  
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CONCLUSIONS AND RECOMMENDATIONS 

Urban recovery on Saint Martin is mainly dealt with on an ad hoc basis. A hurricane with the strength of 

hurricane Irma was never experienced before on Saint Martin. This caused lacking experience and 

procedures how to respond to the situation. The main difference between the recovery approach of Sint 

Maarten and Saint-Martin is that the citizens in Sint Maarten took initiative to reconstruct immediately 

after the hurricane. The Dutch government has taken quick action as well to start recovering to restore 

the houses of the citizens and the economy. In contrast the French citizens in general waited for actions 

from the French government, that slowly and thoroughly contemplated about their actions. Sint Maarten 

is perceived to continue in the same manner as before the hurricane. Single projects are performed with 

building back better in mind, but this is not applied on a larger scale. In Saint-Martin a clearer change is 

noticeable in the mindset towards taking disaster risk reduction more seriously, whilst necessary 

measures are taken in recovery of hurricane Irma. 

The literature study, interviews, BWS questionnaire and damage analysis have resulted into previously 

mentioned insights in possible improvements in the urban planning and recovery processes on Saint 

Martin. These insights are translated into a long-term urban planning vision for Saint Martin. This vision 

is developed in multiple steps. The first important step is to restrict urbanization in areas considered 

dangerous relating natural hazards. Dangerous areas are defined as areas that are susceptible to high 

wind speeds, flooding and storm surges due to hurricanes. This step has priority because the most 

important condition for disaster risk reduction is that anyone has a safe place to live. In Sint Maarten 

approximately 1,350 must relocate, in Saint-Martin approximately 920 people. The second step is to 

allocate locations where the people can relocate to. The new construction areas are located on flat land 

and in proximity of primary or secondary infrastructure. People are tried to be relocated nearby their 

current homes to retain social ties. Enough new areas of urbanization are allocated for 2,080 people in 

Sint Maarten and 1,200 people in Saint-Martin. The relocation process opens a window of opportunity 

to construct hurricane proof buildings since all new buildings must be constructed new. The main focus 

should be to apply hipped roofs, preferably with concrete or metal roof material. Policy makers should 

at least set a standard for roof type and roof material. Besides an updated zoning plan also stricter 

building codes are necessary in both Saint-Martin and Sint Maarten. However, even more important is 

the enforcement of the building codes.  

The critical infrastructure is essential for transportation and supply of resources after a disaster. The third 

step is to upgrade some of the existing transportation are upgraded to secondary or primary 

infrastructure. This assures most people to be accessible often through multiple routes. The 

infrastructure is upgraded by widening and heightening the roads. Heightening the roads will reduce 

the debris on the road after a hurricane.  

Diversification of the economy is necessary to recover faster. Besides, greater self-sufficiency helps Saint 

Martin recovery faster as well. The fourth step is to develop agriculture by growing cassava and sweet 

potato. Reintroducing the crops cassava and sweet potato is appropriate on Saint Martin due to their 

insusceptibility to high wind speeds (Yokohama, 2018). The allocated suitable locations for agriculture 

in Sint Maarten are approximately 22 hectares (ha) in total. In Saint-Martin more space is available and 

approximately 174 ha is allocated. This means significant amounts of vegetables can be grown on Saint 

Martin for processing and consumption on the island itself and for export to neighboring islands. 

Agriculture on Saint Martin will provide employment. Another element of self-sufficiency is production 

of energy. The fifth step is to allocate areas for PV panels and wind turbines. Sint Maarten has a yearly 
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energy demand of 372 Gigawatt Hour (GWh) and Saint-Martin has a yearly energy demand of 196 GWh. 

The area of 47.5 ha in Sint Maarten can annually generate 147 GWh. Saint Martin has much more space 

available. In total 135 ha of PV panel area is allocated in Saint Martin which will generate 418 GWh. In 

total the PV panels on Saint Martin can generate annually 565 GWh.  

Diversification in energy supply by sun and wind energy is beneficial to have a more stable energy supply 

and to buffer for peak loads (Liander, 2019). Two locations for 3 wind turbines each are assigned on the 

north and east coast. These locations are optimal for a stable wind flow all year around because of the 

north-east trade winds. The 6 wind turbines can generate 21 GWh annually. This means energy demand 

can be produces by sustainable energy production.  

The major limitation of this research is the low number of interviewees and especially the low number 

of respondents in the BWS questionnaire. However, the input of the respondents is rather important, 

although that is hard to define. Especially the BWS result must be interpreted with much care due to the 

low number of respondents and do not represent the point of view of residents.  

The damage analysis can be performed more accurately by using data for the entire island and with 

more variables for roof type and roof material. A larger sample also filters out specific local circumstances 

for the two analyzed neighborhoods. A recommendation for future research is to use GIS analysis to 

analyze geographic and spatial characteristics of an area in relation to the damage caused by hurricanes. 

Researching the level of damage in relation to geological, social-economic or spatial differences 

between areas is likely to result in practical implications for local society. Based on this research more 

extensive investigation of land suitability in relation to different functions and building types is 

recommended. For qualitative research it is recommended to provide a larger sample based on locally 

involved stakeholders. This is recommended to establish by going to the subject location and asking 

face-to-face to cooperate. 

 

 

 

 

 

 

 

 

  



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

MASTER THESIS  XI 

 

TABLE OF CONTENTS 

 
1. Introduction         1 

1.1 Context         1 
 1.1.1 Saint Martin       1 
 1.1.2 Climate change & hurricanes     8 

1.1.3 Urban recovery        10 
1.2 Scope         11 
1.3 Research aim        11 
1.4 Research question        12 
1.5 Relevance         13 
 1.5.1 Academic relevance      13 
 1.5.2 Societal relevance       14 
1.6 Research approach and outline      15 

2.  Urban recovery         17 

  2.1 Definition of urban recovery       18 
   2.1.1 Physical recovery       19  
   2.1.2 Economic recovery      24 
   2.1.3 Social recovery       28 

2.1.4 Environmental recovery      31 
 2.2 Build Back Better        33 
  2.2.1 Definition        33 
  2.2.2 From theory to practice      34 
 2.3 Implementation of urban recovery      38 
 2.4 Damage Saint Martin after Irma      39 
 2.5 Urban recovery on Saint Martin      41 
  2.5.1 Physical recovery       41 
  2.5.2 Economic recovery      44 
  2.5.3 Social recovery       47 
 2.6 Challenges on Saint Martin       48 

2.7 Conclusion         50 
3. Disaster risk reduction        52 

  3.1 Definition         52 
 3.2 Sendai framework for disaster risk reduction 2015 – 2030   54 
 3.3 Disaster risk reduction on Saint Martin     57 
 3.4 Challenges in disaster risk reduction policy     61 
 3.5 Conclusion         63 

4. Research approach        64 

  4.1 Research methods        64 
   4.1.1 Semi-structured interview      64 
   4.1.2 Best-Worst Scaling      66 
   4.1.3 Damage analysis       72 
  4.2 Data collection        73 
  4.3 Conclusion         73 
5. Data analysis         74 

  5.1 Interviews         74 
   5.1.1 Difficulties in urban recovery processes    74 
   5.1.2 Stakeholders and binationality     76 
   5.1.3 Resiliency        78 
   5.1.4 Disaster risk reduction      79 
   5.1.5 Future        81 
  5.2 Best-Worst Scaling        82 



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

XII  MASTER THESIS 

 

  5.3 Damage analysis        86 
   5.3.1 Roof types        86 
   5.3.2 Roof material       87 
   5.3.3 Level of damage       88 
  5.4 Conclusion         93 
6. Conclusion and recommendations      94 
  6.1 Conclusion         94 
  6.2 Implications         101 
   6.2.1 Scientific implications      101 
   6.2.2 Practical implications      101 
  6.3 Limitations and recommendations      102 
 

Bibliography 

Appendices 

 A: DPI workflow 
 B: Interview structure 
 C: Interviewee information 
 D: BWS results 
 E: BWS results per respondent 

F: R-software commands and output 
 G: Comparison multinomial logit versus standardized results 

 

 

  



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

MASTER THESIS  XIII 

 

LIST OF TABLES 

 
Table 1  Major hurricanes that impacted Saint Martin most in last decades  9 
Table 2  Classification of hurricanes        9 
Table 3  Identified factors that influence resource availability    23 
Table 4  Challenges in integrating DRR        61 
Table 5  Strengths and weaknesses of (un/semi)structured interviews   65 
Table 6  Example of BWS questionnaire table      66 
Table 7  Items for disaster risk reduction in literature and for BWS   69 
Table 8  Output of R for BWS design       71 
Table 9  Output of R for BWS after randomization     71 
Table 10 Coefficient results        84 
Table 11 Chi-square results for roof type and level of damage    90 
Table 12 Chi-square results for roof material and level of damage    91 
Table 13 Chi-square results for roof type and material     92 
  



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

XIV  MASTER THESIS 

 

LIST OF FIGURES 

 
Figure 1 Location of Saint Martin        2 
Figure 2 Dense urbanized areas, infrastructure and geography on Saint Martin   3 
Figure 3 Emergency help and shelter locations on Saint Martin     4 
Figure 4 Resource supply locations on Saint Martin     5 
Figure 5 Renewable energy potential on Saint Martin      5 
Figure 6 Thesis structure         15 
Figure 7 Research approach        16 
Figure 8 The disaster management cycle        18 
Figure 9 Disaster impact mechanism – basic cell model     21 
Figure 10 Four possible scenarios of economic recovery in GDP per capita    25 
Figure 11 Ladder of community participation       28 
Figure 12 Conceptual integrated model of climate change impacts  

on (urban) environment             32 
Figure 13 Damage due to hurricane Irma at Saint Martin     39 
Figure 14 Windward and leeward side of a hill      40 
Figure 15 Process to create a Development Plan       43 
Figure 16 Level of corruption in French territories and regions    49 
Figure 17 Preparedness for building urban resilience in Sendai Framework    53 
Figure 18 Official Development Assistance (ODA) by OECD countries    56 
Figure 19 Construction type by percentage      57 
Figure 20 Wind speed simulation         58 
Figure 21 Damage residential buildings simulation      58 
Figure 22 Flyer for construction awareness and with tips and tricks for citizens   58 
Figure 23 Risk-sensitive policies proposed in a land use plan     59 
Figure 24 Local governments’ level of authorities and capacities for DRR    62 
Figure 25 Example BWS standardized results      67 
Figure 26 Example BWS percentage results      67 
Figure 27 Location of Dutch Quarter and Middle Region     72 
Figure 28 Stakeholder map based on interviews      76 
Figure 29 Extra investments compared to increased strength in DRR   79 
Figure 30 Buildings in dangerous locations Saint Martin     80 
Figure 31 BWS standardized results       82 
Figure 32 Left to right: flat roof, gable roof, gable roof with overhang, hipped roof  86 
Figure 33 Ratio of roof types in Sint Maarten and Dutch Quarter & Middle Region  86 
Figure 34 Ratio of roof material in Sint Maarten and Dutch Quarter & Middle Region 87 
Figure 35 Level of damage in Dutch Quarter & Middle Region    88 
Figure 36 Ratio of levels of damage in Dutch Quarter & Middle Region   89 
Figure 37 Restricted urbanized zones and current urbanized areas    95 
Figure 38 New urbanized areas and current infrastructure     96 
Figure 39 Example of hurricane proof building      97 
Figure 40 Upgraded infrastructure and agriculture      98 
Figure 41 PV panel and wind turbine areas      100 
Figure 42 Current situation and future situation comparison    100 
 
  



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

MASTER THESIS   1 

 

1. INTRODUCTION 

The direct motive for this research into disaster risk reduction is the strike of hurricane Irma on the island 

of Saint Martin in September 2017. Hurricane Irma caused deaths and an enormous damage on many 

islands. Saint Martin was one of the islands that was hit hardest (Pan American Health Organization 

[PAHO], 2017). The context of the subject will therefore describe aspects that are necessary for a good 

understanding of the situation and urgency of this research topic. The discussed sections for the context 

vary in scale from international guidelines to the local government situation of Saint Martin. 

This first chapter is an introduction to the research subject. First, the essential context is elaborated in 

section 1.1 regarding characteristics of Saint Martin, climate change and urban recovery. In section 1.2, 

the scope is described. Next, the research aim in section 1.3 results in the research questions that are 

introduced in section 1.4. Section 1.5 addresses the academic and societal relevance of this research. In 

the final section 1.6 the research approach and outline are discussed.   

1.1 CONTEXT 

1.1.1 SAINT MARTIN 

One of the most obvious and characterizing elements of the island Saint Martin is that it is a binational 

island. This is the result of the Treaty of Concordia from 1648 (Technopolis, 2014). The northern area 

belongs to France and the southern part is a country within the Kingdom of the Netherlands. In both 

areas policies are organized differently. Both parts have different official languages and use a different 

currency as well. However, the two parts are in close connection. For example, the borders can be crossed 

by anyone without checks (Negiar, 2014). In this section the most distinctive geographical and political 

characteristics are discussed.  

Note, in this report the following spelling is used: 
Saint Martin = the entire island 
Saint-Martin = the French side of Saint Martin 
Sint Maarten = the Dutch side of Saint Martin 
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1. 2. 3. 

LOCATION  

The island of Saint Martin consists of 88km2. To compare, this is the same size as the Dutch city of 

Eindhoven. The northern French part of the island is larger (54km2) than the southern Dutch part (34km2) 

(Tourist Office St. Martin, 2018; Internet Gemeentegids, 2018). However, the Dutch side is more densely 

populated with 42.000 registered inhabitants in July 2017, while the French part had 32.000 registered 

inhabitants at that time (CIA, nd a; CIA, nd b). The actual number of inhabitants is higher due to many 

illegal people living and working on the island. The local Dutch public prosecutor estimated that as many 

illegal as legal people live on the Dutch part of the island. For the French part this is assumed to be true 

as well (König, 2017). 

Saint Martin is part of the Lesser Antilles, and in particular part of the Leeward Islands, in the Caribbean. 

The location of Saint Martin is shown in figure 1 relative to the Americas and the position within the 

Caribbean. Saint Martin is located approximately 800 kilometers north of South America (Venezuela) and 

2,000 km southeast of the United States of America (Florida).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Location of Saint Martin (edited from Google Maps, 2018) 
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SPATIAL CHARACTERISTICS 

The areas on Saint Martin where most people live are spread out over the island. Figure 2 shows the 

dense urbanized areas in orange. The primary roads are colored in red and the secondary roads in dark 

orange. The border between the French and Dutch part is indicated by the purple line. The dense 

urbanized areas are the result of historic locations of settlements and accessible and fertile build. The 

dense urbanized areas are mostly located in areas with little elevation, which are often coastal areas. 

These coastal areas are often the most vulnerable locations to natural disasters. The height indication 

illustrates that the inland area has mountainous characteristics. These hills are not suitable to construct 

on. The highest point of the island is the top of a hill called Pic Paradis in the center of the island on the 

French side (yellow triangle). Pic Paradis has an elevation of 424 meters (Geonames, nd).  

  

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
Figure 2: Dense urbanized areas, infrastructure and geography on Saint Martin (Geonames, nd; 
Mapsland, 2018) 

The primary and secondary infrastructure in figure 2 show good access to most of the dense urbanized 

areas. The primary infrastructure consists of a ring road where people cross the border without checks. 

The ring road is shaped around the hilly inland. Figure 3 shows the most important locations for services 

and help during and immediately after a disaster. These locations consist of shelters, hospitals, fire 

brigades and police stations. The shelters in both Saint-Martin and Sint Maarten are distributed evenly 

over the urbanized areas. However, the overall shelter capacity is insufficient. With a maximum capacity 

of 1.700 people in Saint-Martin the capacity is too little to provide shelter to the 11.000 people that are 

living in areas vulnerable to submersion (Collectivité de Saint-Martin, 2018). Sint Maarten has insufficient 

shelter capacity with only 11 shelter locations as well (Government of Sint Maarten, 2017; Mentens, 

2018).  
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The first emergency services are provided by local doctors, firemen, police officers and citizens 

themselves. The locations of the services are situated in the areas where most people live: the west coast 

in Saint-Martin and the south coast in Sint Maarten. These services must take into account the 

regulations of two countries on one island since there is no physical border. For example, clear 

agreements are necessary for police concerning authorization when criminals cross the border. In 2017 

law enforcement officers from both parts of the island have signed an agreement on close cooperation. 

For example, this agreement includes a permit to continue a pursuit across borders and to perform 

cross-border surveillance (Saint Martin News Network [SMNN], 2017a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Emergency help and shelter locations on Saint Martin  

The supply of resources from abroad is essential for Saint Martin, since almost all goods are imported 

and transported to the island through (cargo)planes and (cargo)ships. However, in urban recovery even 

more resources are needed and imported through the airport and terminals. Both Saint-Martin and Sint 

Maarten have their own airport, which is shown in figure 4. Though, Princess Juliana International Airport, 

located in Sint Maarten, is the most used airport of the island. Three types of mooring places for ships 

can be identified: cargo, marina and cruise. The cargo terminal on the south point of Sint Maarten has 

by far the biggest capacity and is essential for the entire island. Figure 4 also shows a small cargo terminal 

on the French side. Cargo terminals are necessary for bulk loads and heavy resources, such as 

construction materials. The marinas are distributed across the island. Marinas are mainly used for yachts 

and can in emergency situations be used for small amounts of resource supply. The cruise terminal, 

located on the southside of Sint Maarten, is essential for the arrival of tourists because most of the 

tourists arrive by cruise ship.  
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Figure 4: Resource supply locations on Saint Martin 

Electricity is produced at two powerplants on the island. Both parts of Saint Martin have their own power 

supply and independent network. However, in emergency situations a single connection can be used to 

exchange electricity. The energy source to produce electricity is still predominantly based on fossil fuels 

that are shipped to the island. National Renewable Energy Laboratory (NREL) (2015) has investigated the 

potential of renewable energy types on Saint Martin. Figure 5 shows the potential per investigated 

energy type. Especially wind and solar energy have potential to be used as renewable energy type on 

Saint Martin. This is caused by the surplus of wind and sun all year around on the island. Biomass is for 

example less suitable because that still requires external supply.  

Figure 5: Renewable energy potential on Saint Martin (NREL, 2015) 

All drinking water on Saint Martin is created by a process of reverse osmosis of seawater. This means 

that the water production plants are located on vulnerable locations at the coast line. The water is 

transported from the production facilities to multiple storage tanks across the island (SMNN, 2017b). 

Food supply, by means of supermarkets, is located across the island and is well connected to all most 

urbanized areas. This also applies for the locations where construction materials can be obtained. From 

the cargo terminal and airports direct connections lead to the construction material locations. However, 

the need for construction materials exceeds the capacity of supply in case of an emergency. That means 

pre-disaster anticipation is essential for quick repairs.  
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THE FRENCH PART: SAINT-MARTIN 

The French part of Saint Martin, called Saint-Martin, is an overseas collectivity of the French Republic. 

The constitutional status of overseas areas of France, such as Saint-Martin, changed in 2003 after the 

constitution law about decentralizing authority in the French Republic came into power. Before, Saint-

Martin belonged to the French overseas department of Guadeloupe. After this constitution a referendum 

was held among the 32.000 residents of the French Saint-Martin (Blaizeau, 2016). This referendum 

resulted in 76.2% yes votes (44% turnout) in favor of becoming a collectivity with special status (Ministère 

des Outre-Mer, 2016). Saint-Martin forms this collectivity together with the small island Saint-Barthélemy 

that is located approximately 25 kilometers to the east. Saint-Martin is European Union (EU) territory 

and the Euro is the official currency. Whereas overseas departments of France are automatically part of 

the EU this is not the case for overseas collectivities of France. However, when Saint-Martin became an 

overseas collectivity the choice was made to stay within the EU, while the neighboring island of Saint-

Barthélemy, is not part of the EU (European Central Bank, 2018). The current French president Emmanuel 

Macron is the chief of state of Saint-Martin and is represented by a local prefect. Saint-Martin has its 

own Territorial Council. The relationship with France is still relatively close and for example the defense 

system of Saint-Martin is the responsibility of France (CIA, nd b). 

THE DUTCH PART: SINT MAARTEN 

The governmental situation of the Dutch part of Saint Martin, called Sint Maarten, differs from the French 

situation. Sint Maarten was part of the Dutch Antilles till October 10th, 2010. The Dutch Antilles originally 

consisted of the so-called Leeward Antilles (Aruba, Curaçao and Bonaire) and the Leeward Islands (Sint 

Maarten, Saba and Sint Eustatius). Aruba already became an independent island in the Kingdom of the 

Netherlands in 1986. From that moment the Kingdom of the Netherlands consisted of three countries: 

The Netherlands, the Dutch Antilles and Aruba (Aruba Gobierno, nd). After a referendum at each island, 

the islands of Curacao and Sint Maarten became new independent countries within the Kingdom of the 

Netherlands (Rijksoverheid, 2010a). The Dutch Antilles were dissolved at the same time. Bonaire, Saba 

and Sint Eustatius became special municipalities in the country of the Netherlands (Rijksoverheid, 

2010b). Sint Maarten being an independent country within the Kingdom of the Netherlands means that 

it is not part of the European Union. However, Sint Maarten has a special relationship with the EU being 

a so-called ‘Overseas Countries and Territories (European Commission [EC], 2018; Ministerie van 

Buitenlandse Zaken, nd). 
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COLONIAL INFLUENCE 

The dependency of both Saint-Martin and Sint Maarten to their former colonial rulers still leads to 

inconvenient situations these days. The dependency is the result of regulations of authority that might 

work well in some situations, but cause friction in others. The relationship of Saint-Martin with France is 

still close. The French government has much involvement in how to spend recovery money. However, 

especially the extensive bureaucracy in Saint-Martin causes that recovery and implementation of disaster 

risk reduction measures delay and are eventually discouraged. This should always be avoided and local 

community involvement at the same time should be encouraged by creating opportunities to contribute. 

Cutting legislation would be the first option for France to stimulate people getting involved and to 

increase the pace of recovery. One way to establish this, is to provide greater local authority to Saint-

Martin, although that is likely a rather unpopular option for the French government. A more independent 

government structure in this case is likely to lead to a more efficient decision-making process and 

consequently accelerating recovery (FEMA, 2017).  

On the other side Sint Maarten officially depends less on its former colonial ruler: the Netherlands. 

However, there is a kind of sham independence when assumed that the local government of Sint 

Maarten is fully independent regarding their choice for recovery after hurricane Irma, as a separate 

country within the Kingdom of the Netherlands. This is due to the dependency of Sint Maarten for money 

provided by the Netherlands for recovery. The Netherlands has set conditions for making money 

available. This requires Sint Maarten to obey the conditions of the Netherlands. In a news article about 

this matter in De Volkskrant it is even argued that the Netherlands is blackmailing Sint Maarten in a 

certain way, because the local politicians know the Dutch recovery fund is needed (De Jong, 2017). 

Consequently, there is no choice to resist the conditions and money. Besides most citizens of Sint 

Maarten are content with the help, it is reasonable for the Dutch government to set conditions for 

providing a recovery fund to make sure this tax-payers’ money is for the benefit of recovery instead of 

maintaining the widespread corruption among local politicians. Although, the tension between the 

Netherlands and Sint Maarten regarding the level of autonomy does not only result from the aftermath 

of Irma. Meijer (2015) reported already years before Irma the wish of the Netherlands to have a more 

direct influence on Sint Maarten. Even though both parts of Saint Martin have a system that functions 

far from perfect, the recovery in Sint Maarten seems to take place more efficient and quicker. This is for 

example illustrated by the tourists are returning mostly to Sint Maarten due to the reopened amenities 

and citizens that have returned to their former everyday life (Higgins, 2018). 
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1.1.2 CLIMATE CHANGE & HURRICANES 

Climate change is one of the biggest and most discussed issues for the modern world. In research the 

threatening consequences of climate change have a lot of attention. Becken (2005), Dinan (2017), Ezcurra 

and Rivera-Collazo (2018), Gutowski et al. (2008), Hassanali (2017), Hernández-Delgado (2015), 

Karmalkar et al. (2013), Knutson and Tuleya (2004), Mimura (1999), Nurse et al. (2014), Petzold and Ratter 

(2015), Scandurra, Romano, Ronghi and Carfora (2018), Scobie (2016), Serre and Heinzlef (2018), 

Tompkins (2005), United Nations Development Programme (UNDP) (2002), Veenema et al. (2017), Wijaya 

and Furqan (2018) all point out the major effects of a rising average temperature on earth.  

Increasing temperatures results for instance in more and higher category hurricanes combined with a 

higher sea level. Literature shows consensus about an increasing frequency of hurricanes. Dinan (2017) 

and Veenema et al. (2017) report an increased frequency of hurricanes due to the heating of planet 

earth. Serre and Heinzlef (2018) endorse this prediction illustrated by the devastating combination of 

occurrences of hurricanes in the Caribbean. In less than two weeks’ time hurricanes Irma and Maria have 

almost completely destroyed several islands, including multiple deaths and estimated damage costs of 

tens of billions of dollars. With more frequent natural hazards these short intervals of events may not be 

an exception in the future anymore. According to Ezcurra and Rivera-Collazo (2018) the historical trend 

of hurricanes in the North Atlantic region showed a decline from 1760 till 1990. However, since 1995 the 

number of hurricanes increases (UNDP, 2002). This may not only be caused by human impact on the 

global environment, but it also may (partly) be caused by natural variability as well. Williams (2017), a 

collector of statistics of hurricanes, has noted that Saint-Martin has been hit 52 times in the last 145 

years. This means a hurricane brushes or hits the island once every 2.79 years. When considering only 

major hurricanes the island is directly hit once every 18.13 years. With these statistics the Caribbean is 

one of the areas in the world that must deal most with hurricanes (Sealy & Strobl, 2017). The hurricane 

season in the Caribbean starts June 1st and ends November 30th (National Hurricane Center [NHC], nd 

a).  

Besides the frequency, the increased strength of hurricanes is discussed as well. Gutowski et al. (2008) 

establish the prediction of a magnified intensity of hurricanes up to 20% in 2100. This is valid for average 

strength of hurricanes all over the world. The forecast of increasing hurricane strength is supported by 

Knutson and Tuleya (2004). Tompkins (2005) endorses the expectation that hurricanes in the future will 

become more intense with more devastating effects. As a result of hurricane Irma at least 85% of all 

infrastructure on the island of Saint Martin was totally destroyed (Pan American Health Organization 

[PAHO], 2017). Besides this material damage, on Saint Martin and the neighboring island Saint-

Barthélemy eleven people passed away caused by the hurricane Irma (Henderson & Alexander, 2017).  

Hurricanes of the last decades with the biggest impact on Saint Martin are presented in table 1 including 

the death toll as a result of this hurricane and an indication of the physical damage to buildings and 

infrastructure on Saint Martin. Hurricane Lenny caused three deaths at Saint Martin and there was severe 

damage (Guiney, 1999). Special about this hurricane is the unusual track it followed. Hurricane Lenny 

went from west to east, while most hurricanes in the Caribbean go from east to west. Another major 

hurricane that struck Saint Martin is called Luis. This hurricane struck Saint Martin in 1995 and caused 

extreme damage (Sack, 1995). Nine people were killed due to this hurricane (Clary, 1995). A remarkable 

aspect in the aftermath of hurricanes Luis in 1995 and Lenny in 1999 are the insurance costs for the so-

called ‘Catastrophe Reinsurance’ that rose very quickly (Saint Martin News Network [SMNN], 2014). In 

this period many other hurricanes were present in the Caribbean, wherefore the insurers had to protect 
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themselves in this extremely hurricane prone region. One of the lessons learned after hurricane Luis 

according to Arroyo, Corbella and Poveda (2017) is to construct homes with concrete instead of other 

building materials that perform worse in a hurricane situation. In 1960 hurricane Donna struck among 

others the island of Saint Martin. As a category 5 hurricane Donna made landfall at Saint Martin causing 

7 deaths and extensive damage to buildings and infrastructure (The Weather Doctor, 2010). 

Table 1: Major hurricanes that impacted Saint Martin most in last decades (Arroyo et al, 2017; Clary, 
1995; Guiney, 1999; Sack, 1995; The Weather Doctor, 2010). 

Year Name  Category Death toll Physical damage 

2017 Irma 5 14 70-90% of all buildings destroyed 
1999 Lenny 4 3 Severe damage 
1995 Luis 4 9 Extreme damage 
1960 Donna 5 7 Extensive damage 

 

Table 2: Classification of hurricanes (Kantha, 2013; National Hurricane Center [NHC], nd b) 
Type Central pressure 

(in hPa) 

Maximum velocity 

(in km/h) 

Level of damage 

Tropical depression 1007 < 61 - 
Tropical storm < 1000 61 – 118 - 
Category 1 980 - 999 119 – 150 Some damage 
Category 2 979 – 965 151 – 177 Extensive damage 
Category 3 (major) 964 – 945 178 – 208 Devastating damage 
Category 4 (major) 944 – 920 209 – 251 Extreme damage 
Category 5 (major) < 920 > 252 Catastrophic damage 

A tropical storm becomes a hurricane when the maximum velocity is at least 119 km/h. According to 

Granvorka and Strobl (2013) hurricanes do have an average width of 483 kilometers, which means a 

large area along the travelled path of the hurricane is affected. Hurricanes are divided into categories 

according to the Saffir-Simpson Hurricane Wind Scale. A hurricane is considered major when it is has 

reached category three or higher. A summation of the categories and their characteristics is shown in 

table 2. Hurricanes Irma and Maria both belong to category 5.  

Hurricanes can cause damage in multiple ways. The most obvious cause is the extreme strong wind that 

affects buildings, infrastructure and vegetation. Besides the strong wind, Granvorka and Strobl (2013) 

describe other effects such as flooding caused by extreme rainfall, landslides and a high sea level caused 

by the wind that pushes water up the coast. A hurricane of category 5 is able to create a storm surge of 

approximately 4 meters higher than the normal level. Next, up to till 8 kilometers of inland area can be 

inundated by this storm surge which indicates the extensive force on water as well as the wind (Ezer, 

Atkinson & Tuleya, 2017; Wu, Shi, Kirby, Liang & Shi, 2018) 

Besides the immediate danger of these hurricanes, also other scars are left behind on the Caribbean 

islands that cause inconvenience for a longer period. One example of these scars is pointed out by 

Hernández-Delgado (2015). In the article is argued that diminishing beaches will be the result of the 

increasing effect and frequency of hurricanes in combination with the expected sea level rise. Among 

other things these beaches attract people to visit islands such as Saint Martin in the Caribbean. The 

agriculture is damaged by the high sea level as well due to intruding salt water into the agricultural 

areas. Those agricultural areas are very important for the island’s economy since agriculture, together 

with tourism, are often major economic sectors of small islands such as Saint Martin (Scobie, 2016).  
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1.1.3 URBAN RECOVERY 

Urban recovery is necessary to repair the built environment damage from a disaster. Physical as well as 

non-physical characteristics of society are restored and improved in urban recovery (United Nations 

General Assembly [UNGA], 2016). 

The fact that a quick, thorough and sustainable urban recovery is needed and that entire communities 

are affected by the results of a natural hazard is illustrated by the statistics presented by Irazábal (2009). 

This study mentions that 180 thousand people passed away due to natural hazard since 1960, 100 million 

lives were disorganized and the monetary damage exceeds 54 billion US dollars in Latin America and 

the Caribbean combined. Natural hazards that have occurred in the Latin American and Caribbean region 

are for example hurricanes, floods and earthquakes. The reoccurrence of hurricanes forces the islands 

and cities to recover and withstand the next hurricane strike. This means the urban recovery is partly the 

aftermath of a natural hazard and at the same time the preparation of the next impact. Urban recovery 

will be further explained in the literature study in chapter 2.  

In the aftermath of Irma 10 deaths were reported on the French part of the island (CBS News, 2017). 

Four deaths have been reported for the Dutch side of the island (Sterling, 2017). A quick response to 

help the Saint Martiners was difficult since 90% off all buildings and infrastructures was destroyed (Red 

Cross, 2017). Arroyo, Corbella and Poveda (2017) mention a difference in the damage between the Dutch 

and French side of the island. These authors reported 70% destruction to buildings and infrastructure in 

Sint Maarten and 95% in Saint-Martin due to Irma. Besides the necessity to quickly start urban recovery 

after a damaging disaster, the urban recovery creates a ‘window of opportunity’ (Wilkinson, Twigg & 

Few, 2018). When repairing a house, the choice can be made to implement risk reduction measures to 

become less susceptible for future disasters. This is where urban recovery and disaster risk reduction 

meet each other and in the literature review this will be further elaborated.  
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1.2 SCOPE 

The entire island of Saint Martin has suffered and is still suffering from hurricane Irma. It is almost a 

certainty that such a strong hurricane will strike Saint Martin again in the (near) future (Dinan, 2017; 

Ezcurra & Rivera-Collazo, 2018; Gutowski et al, 2008; Knutson & Tuleya, 2004; Serre & Heinzlef, 2018; 

Tompkins, 2005; UNDP, 2002; Veenema et al, 2017). Since hurricanes are a devastating and reoccurring 

threat for Saint Martin urban recovery after a hurricane strike is chosen as topic is chosen as topic in this 

research. Above all, disaster risk reduction will be the subject of this case study with special attention to 

the island of Saint Martin.  

Urban policies are created to provide certain standards regarding building quality and allowed 

construction locations. The national governments of Saint Martin on both the French and Dutch side 

have elaborated their urban policies in land zoning plans and building regulations. These plans can lean 

back on international guidelines of how to implement disaster risk reduction guidelines. Adjusting these 

urban policies to present standards is an ongoing process. This research will investigate what vulnerable 

areas are to live and how experts and professionals with experience in urban recovery or disaster risk 

reduction think about creating a more insusceptible environment for the local society. The outcomes of 

this research can be used as a recommendation for long-term future policy regarding invulnerable 

physical, economic, social and political circumstances to hurricanes in general and in particular on Saint 

Martin.  

1.3 RESEARCH AIM 

The aim of this research is to identify how urban planning and urban recovery can be used to optimize 

disaster risk reduction on Saint Martin. This research focusses on strengthening the policy related to 

urban planning and the research is performed from an urban planners’ perspective. The main goal is to 

reduce the impact of future hurricanes on the island of Saint Martin. This is to help less people being 

injured or killed, less likely to lose their house, and help people returning quicker to their ‘normal daily 

activities’ after a hurricane strike.  

Hurricane Irma showed the devastating effect of a category 5 hurricane. Many islands in the Caribbean 

were hit extremely hard and are recovering till today from the hurricane strike in September 2017. The 

number of damaged buildings on Saint Martin are not equally distributed across the island. This may 

indicate variables that influence the vulnerability of buildings by certain rooftypes, roof materials, land-

use or spatial planning. There is literature available on regularities of wind speeds, water levels et cetera 

in hurricanes. However, this study is performed to apply this knowledge onto the particular case of Saint 

Martin in relation with urban planning and construction policy. That leads to the research aim of this 

master thesis to make an assessment on what the safest places and construction methods are, to 

investigate how experts assess their experiences with urban recovery process and what future policies 

should be focused on. Based on these assessments and investigations a future urban planning vision will 

be developed that recommends how an island such as Saint Martin can be better prepared on the long-

term for hurricanes. These recommendations comprise physical and spatial, economic, social and 

governmental insights.  
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1.4 RESEARCH QUESTION 

The research question follows from the research aim. The research question intends to gain new 

knowledge about the urban recovery process and policy of Saint Martin in relation to a hurricane strike 

and application of this knowledge in a long-term urban planning vision. The research question that arises 

from this intention is defined as follows: 

“How can urban planning and urban recovery processes improve the disaster risk reduction on 

Saint Martin in relation to hurricanes?” 

In order to answer this main research question sub questions are formulated. These questions all cover 

a part of the topic to be able to answer the main question. The sub research questions are formulated 

as follows: 

1. How is the urban recovery organized after hurricane strikes on Saint Martin? 
2. What regularities can be found in hurricane strikes on Saint Martin? 
3. What physical disaster risk reduction measures are suitable to implement on Saint Martin? 
4. What are considered to be the most important aspects to implement urban planning policy 

according to professionals with expertise and experience with urban recovery or disaster risk 
reduction? 

5. What opportunities does Saint Martin have to become economically and socially more resilient? 
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1.5 RELEVANCE 

The relevance of this research has an academic and societal component. Both are consequently 

discussed in this section.  

1.5.1 ACADEMIC RELEVANCE 

Recently, many researchers have focused on possible improvements in urban recovery after a natural 

hazard. The difficulty in finding unambiguous and balanced objectives in reconstructing the built 

environment after a natural hazard is researched by Fayazi and Lizarralde (2018). Pursiainen (2018) 

describes the transition from the focus on protection of critical infrastructure to resilience. The research 

of Brundiers (2018) follows the same direction and focusses on the possibilities of using education to 

accelerate new development, for example regarding implementing sustainability, when a natural hazard 

strikes. The importance of critical infrastructure to the urban recovery is stressed by Deshmukh, Oh and 

Hastak (2011). Key elements that help improving the speed of urban recovery are described by Di 

Gregorio and Soares (2017). There have been some researches into aspects from United Nations (UN) 

disaster risk reduction frameworks, but none were specified to Saint Martin. A research into Saint Martin 

will be even more interesting due to the binationality of the island. There is some research available that 

analyses successfulness and appropriateness of UN guidelines on disaster risk management and disaster 

risk reduction. One example is the research of Etinay, Egbu and Murray (2018) that describes a lacking 

possibility of examining the performance of the UN policy due to biases, a lack of transparency and an 

inconsistent system of monitoring of necessary data. Besides, research that investigates the applicability 

of UN guidelines on local government is lacking. The reports that address the subject of global to local 

governance regarding DRR are not scientific literature.  

In application of some policy components also no consensus has reached yet. Hooper (2015) researched 

preferences for reconstruction areas and Yee (2018) investigated no-build zones. The first found a wide 

variation of perspectives by different organizations whether housing reconstruction should take place 

at the very same place or to relocate the house. The latter concluded it is very difficult and not always 

wishful to make people relocate to another area and rebuild their house there. Hettige, Haigh and 

Amaratunga (2017) confirm this challenge to relocate people. In a case study it turned out that some 

relocated people had moved back to the no-build zone because of various reasons, even though this 

makes them extremely vulnerable for the next disaster (Hettige et al, 2018). Next, literature for the 

specific case of Saint Martin, for which the binationality forms a significant challenge to deal with in local 

policy, not yet exists. This creates a large gap in existing literature for the subject that this research 

focusses on. The focus on the specific case of Saint Martin also makes it possible to incorporate physical 

and spatial characteristics and their consequences or difficulties in the policy, what also is not yet 

available in scientific literature.  
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1.5.2 SOCIETAL RELEVANCE 

Next to the academic relevance, this topic is also relevant to the society. As mentioned before, at least 

85% of all infrastructure and buildings in Saint Martin was destroyed due to hurricane Irma in September 

2017 (PAHO, 2017). The problems after the hurricane lasted long and a lack of food, electricity and 

communications made the situation almost unbearable for Saint Martiners (Ahmed, 2017). It is necessary 

to gain more insight how to become less physically and economically vulnerable to hurricanes since it is 

almost a certainty that more intense hurricanes will strike Saint Martin in the future. More insight will 

increase the resilience and economic progress of the island. All Saint Martiners are affected by the 

disaster and its aftermath. Many people lost their jobs or became homeless. As a result, those people 

ended up in unpleasant and dangerous situations. This should be tried to avoid and resolved in the 

meantime till the next hurricane hits the island.  

After every hurricane lessons should be learnt by the government how to protect the country and people 

best. For the immediate danger better shelter was provided during hurricane Irma which has minimized 

the death toll according to an article of The Economist (2017a), however expensive and hard measures 

for the issues are still lacking. The Economist (2017a) describes these problems as follows: 

“Governments have failed to do many of the hard things needed to make their islands more 

resilient. Building codes written with the storms of yesteryear in mind are spottily enforced. Much 
of the region’s population occupies housing too flimsy to withstand severe storms. Developers 

rip out protective mangrove swamps to plonk hotels by the water’s edge. Fixing such problems is 
expensive, and politicians have trouble seeing beyond the next election.” (The Economist, 2017a) 

This statement shows the lack of urge in the actions of the local politicians to create more sustainable 

countries that are better protected against hurricanes and other natural hazards. One of the factors that 

frustrates according to another article of The Economist (2017b), is the climate change that is happening 

faster than expected by scientists and policymakers. This is illustrated by a hurricane proof shelter 

designed that should resist a category 3 hurricane (Firth, 2012). However, hurricane Irma was a category 

5 hurricane.  Short-term thinking is another aspect that blocks new developments to create a more 

hurricane resistant island. The focus has been on attracting tourists and immigrants to establish an 

economic growth rather than investing and thinking for measures regarding the climate change. The 

consequences of insufficiently checking the building codes in poor areas of the island of Saint Martin 

became clear in the aftermath of hurricane Irma. Many people that were formerly living in these not firm 

houses became homeless. The last barrier obstacle described by The Economist (2017b) is the relative 

high recovery costs per person living in the Caribbean. Most Caribbean countries are considered middle 

to high income countries when looking at the Gross Domestic Product (GDP) per person as a relative 

value. However, with the damage that has occurred the absolute costs are very hard to bear for a country 

with a relatively small number of inhabitants. These aspects all implicate the urge for the society to 

obtain quick response from the government to get prepared for the next hurricane strike and other 

implications of climate change.  
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1.6 RESEARCH APPROACH AND OUTLINE 

This research is based on mixed research methods. This means that both qualitative and quantitative 

research methods are used. The qualitative part consists of a semi-structured interview. The quantitative 

part consists of a Best-Worst Scaling (BWS) analysis, also known as the MaxDiff method, and a damage 

analysis.  

First, the most recent and commonly used definitions and visions of urban recovery and disaster risk 

reduction policy are elaborated in a literature review. Besides, a spatial analysis is made of the island to 

create an overview of important aspects regarding urban recovery and disaster risk reduction. The 

literature review forms the basis for semi-structured interviews with experts that are or have been 

involved in the urban recovery on Saint Martin. The semi-structured interviews create the opportunity 

to compare the answer of several experts on some questions and to go deeper into the field of expertise 

of that particular expert to gain more interesting and useful results. Second, a BWS questionnaire is 

completed by the experts to assess the most important and most appropriate urban recovery efforts 

and disaster risk reduction efforts for Saint Martin. The items that are assessed by the experts in the BWS 

are extracted from literature. The damage analysis is performed to investigate the relation between roof 

type, roof material and the level of damage.  

Together, the literature review, spatial analysis, interviews, BWS and damage analysis result in answers 

to the sub research questions and consequently to the main research question.  In figure 6 is illustrated 

what the structure of the thesis looks like. Chapter 2 provides the literature review on the concept of 

urban recovery, including the popular term ‘Build Back Better’ and the challenges that are faced and the 

application to Saint Martin. Next, chapter 3 contains the literature review on disaster risk reduction. Next, 

in chapter 4 the research approach is explained. First the applied research methods are elaborated. The 

chapter is complemented with a description of the data collection. Chapter 5 consists of the data 

description and data analysis per ‘theme’. These themes are interviews, BWS and damage analysis. The 

damage analysis is performed using spatial features, damage map after Irma and vulnerability estimates. 

At last, the conclusion and recommendations are described in chapter 6. 

 

 

 

 

 

 

 

 

 
 

 
Figure 6: Thesis structure 
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The final goal in this thesis is to establish a future urban planning vision. This starts with a spatial analysis 

of the current situation. Combined with information from the literature review, interviews with experts, 

BWS, own vision and damage analysis this spatial analysis is improved and forms the basis for the future 

urban planning vision. Economic, social and political aspects are incorporated in the future vision as well 

as physical-spatial elements. Figure 7 shows this research approach in a schematic manner.  

 

 

 

 

 

 

Figure 7: Research approach 
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2. URBAN RECOVERY 

This chapter provides context based on earlier research to establish an understanding of the topic of 

this research. In this chapter two sub research question are answered: ‘How is the urban recovery 
organized after hurricane strikes on Saint Martin?’ and: ‘What regularities can be found in hurricane 
strikes on Saint Martin?’. To answer these sub research questions first the term ‘urban recovery’ is 

outlined in section 2.1. Next, in section 2.2 the concept Build Back Better is discussed followed by the 

implementation of urban recovery in section 2.3. The damage on Saint Martin caused by Irma is 

discussed in in section 2.4. Section 2.5 discusses the urban recovery processes specifically on Saint Martin 

and is followed by a discussion of challenges faced with urban recovery in section 2.6. Section 2.7 finishes 

this chapter with a conclusion and answers to the sub research questions.  
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2.1 DEFINITION OF URBAN RECOVERY 

Urban recovery consists of multiple actions and processes that together rebuild physical and non-

physical components of society. These components may vary from reconstructing a collapsed house to 

raising resilience of a community. The United Nations General Assembly (UNGA) (2016) has published a 

definition of urban recovery which is as follows: 

“The restoring or improving of livelihoods and health, as well as economic, physical, social, cultural 

and environmental assets, systems and activities, of a disaster-affected community or society, 
aligning with the principles of sustainable development and ‘build back better’, to avoid or reduce 

future disaster risk.” (UNGA, 2016) 

In the definition multiple aspects of society are mentioned that are affected by natural disasters. The 

economic, physical, social, cultural and environmental aspects are mutually related and all contribute to 

urban recovery, albeit in different levels and stages. The focus in the definition is on creating a situation 

after the recovery in which society turns back to normalcy, as of before the natural disaster, and even 

stronger if possible. The impact of disasters on society can only be reduced by becoming more resilient 

and being better prepared to natural disasters. The attention for urban recovery as a research subject is 

growing. This is mainly due to the forecasted increasing frequency and impact of natural disasters 

resulting from climate change. The mentioned aspects in the UNGA definition of urban recovery are 

discussed in detail in separate sub sections using relevant research articles. 

Recovery is one of the four phases in post-disaster management, besides mitigation, preparedness and 

response. O’Brien, O’Keefe, Gadema and Swords (2010) have described these four distinguishable phases 

of the disaster management process. This classification is widely used in other literature. The phases are 

graphically represented in figure 8. The mitigation and preparedness phases precede the disaster. 

Response follows immediately after the event and recovery follows.  

 

 

 

 

 

 

 

Figure 8: The disaster management cycle (O’Brien et al, 2010) 

Next, several aspects from the UNGA definition are discussed separately. The following sections contain 

a discussion of physical, economic, social and environmental recovery.  
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2.1.1 PHYSICAL RECOVERY 

Physical damage is inevitable when a severe natural disaster strikes. Physical damage is one of the most 

visually obvious damages in an affected area. The physical environment is of great importance for the 

urban recovery, since everybody is involved with their housing, infrastructure that is used and the 

distribution of resources. These three factors are researched by multiple researchers and this literature 

is discussed in the following sections.  

HOUSING 

The most commonly used classification of the stages of housing recovery is created by Quarantelli 

(1982). Immediately after a disaster people with a destroyed house look for emergency shelter. This takes 

place on an individual level and is found at the closest available place. Next, temporary shelter is sought. 

This can be a temporary accommodation for a mass, e.g. in a sport stadium, or with friends or family. 

The next phase is finding temporary housing which is in form of a vacant housing unit or e.g. mobile 

home in a certain proximity to the own neighborhood. The last stage is reconstructing a permanent 

dwelling. This can be at the same place as the original building was or relocated into another 

neighborhood or city (Arlikatti, Maghelal, Agnimitra & Chatterjee, 2018). Summarized the stages of 

housing recovery are listed below: 

- Emergency shelter 

- Temporary shelter 

- Temporary housing 

- Permanent housing 

Comerio (2014) describes the extent to which houses are damaged as “a combination of the disaster’s 

intensity, the level of building code enforcement, and the quality of construction” (Comerio, 2014). The 

intensity of a disaster depends on the force of nature. The other two aspects are under influence of 

legislation and skills of the laborers. This fine balance between a leading role for the government and 

individual responsibility is precarious and a crucial element in the entire recovery process.   

The housing reconstruction process starts with classifying levels of damage. This indicates the degree of 

urgency for a certain house to repair or reconstruct. In practice, this damage assessment process is often 

not entirely objectively performed since the government assesses the damage and is also the party that 

can pay out the reconstruction funds. People with good connections to officials with much power have 

received easier and more money in several case studies (Seeberg & Padmawati, 2015). Hence it is good 

for recovery when this process is objectified more and verified stricter.  However, reconstructing a house 

at the exact same location is not the only option there is for urban recovery. Hooper (2015) researched 

the spatial choices of urban reconstruction in Haiti after a disaster. Interviews are conducted among 

stakeholders to identify the preferences concerning urban rebuilding, non-urban rebuilding or a mix of 

both. Intergovernmental organizations and NGOs appeared to have a strong preference to rebuild in 

non-urban areas. This is due to the goal to achieve social development objectives. This preference is in 

contrast to smaller scale organizations such as Haitian NGOs and small international NGOs that prefer 

urban rebuilding. The main reason for this preference is the possibility to densify the urban area. A 

mixture of these strategies is mentioned by among others private contractors and the Haitian 

government. From the past, most of the reconstructions after disasters have taken place ‘in situ’. This 

means houses are reconstructed at exactly the same place as where the construction was before the 
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disaster was encountered, possibly by making use of remaining usable parts and local resources. 

However, experience shows that reconstructing ‘in situ’ tends to expand the boundaries of the city as it 

was before the disaster. In some cases, the prohibition of reconstruction of demolished buildings is fixed 

in policy reports. An example of this policy is described by Yee (2018) that researched so-called ‘no-build 

zones’ in the Philippines after a typhoon that resulted in at least 6,300 deaths and 130,000 families 

homeless.  Constructions in coastal areas were most prone to be damaged by typhoons. This resulted in 

the government deciding to create ‘no-build zones’. These zones where assigned as the first 40 meters 

inland from the shoreline. ‘No-build zones’ were initially meant to obstruct reconstruction of any kind 

of construction, e.g. housing, utilitarian buildings and infrastructure. Later this was broadened into a ‘no-

dwelling zone’ to prohibit the construction of housing, but to permit constructions for the purpose of 

touristic and commercial activities. Forcing people to rebuild their lives at another location and therewith 

losing most social ties resulted in some emotional reactions. On the other hand, the disaster effects were 

used to catalyze the process of building towards a more resilient urban area and community. This was 

necessary to cope more effectively with future disasters and that will help people to see the benefits of 

the strict and resolute relocation proceedings. Besides reconstructing damaged houses, often (critical) 

infrastructure is also damaged by natural disasters. Recovery of infrastructure is discussed in the next 

section.   

INFRASTRUCTURE 

Another physical asset that is often damaged by hurricanes is infrastructure. Critical infrastructure in 

particular is important in urban recovery (Barabadi & Ayele, 2018). The term ‘critical’ indicates the 

importance for people and goods to be able to travel and transport towards areas in an area damaged 

by a disaster. The United Nations Office for Disaster Risk Reduction (UNISDR) uses the following 

definition of critical infrastructure: “The physical structures, facilities, networks and other assets which 
provide services that are essential to the social and economic functioning of a community or society” 

(UNISDR, 2017b). This means that the critical infrastructure is most important to withstand a disaster or 

is to be recovered quickly in order to reconstruct and help other areas and people. The essential position 

and functioning of critical infrastructure within the urban context is described by Barabadi and Ayele 

(2018) as follows: “Critical infrastructure systems such as transportation, energy, health and 

communication, etc. are strongly interdependent, and a failure in a critical infrastructure system can 
spread by cascading effects to other areas of infrastructure or sectors and then complicate matters 
further” (Barabadi & Ayele, 2018). In addition, Lyons (2009) describes infrastructure, and the capacity to 

rebuild this, as being the key variable for long-term impact of a disaster. Increasing the resilience of 

critical infrastructure can be done by strengthening the two variables of resilience: robustness and 

rapidity. Robustness is a threshold for damage to occur due to a natural disaster. When damage has 

occurred, rapidity is the process that concerns speed of recovery to an appropriate level of functioning. 

Both are part to be optimized in order to improve urban recovery and critical infrastructure in specific 

(Barabadi & Ayele, 2018). 

Pursiainen (2018) describes a recent shift from perspective regarding the approach of strengthening 

critical infrastructure. Lately the focus has shifted more towards resilience instead of merely protection. 

The difference between the two concepts is explained by their definitions: 

Protection: “All activities aimed at ensuring the functionality, continuity and integrity of critical 
infrastructures in order to deter, mitigate and neutralize a threat, risk or vulnerability.” (Council of 

the European Union, 2008) 
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Resilience: “The ability of a system, community or society exposed to hazards to resist, absorb, 

accommodate to and recover from the effects of a hazard in a timely and efficient manner, 
including through the preservation and restoration of its essential basic structures and functions”. 

(UNISDR, 2017b) 

Comparing both definitions shows the similarity in the intended function of the subject is to suffer as 

little as possible from an impact. The difference however, is that protection only focuses on minimizing 

damage. Resilience is about absorbing the hazardous impact and afterwards actively recovering.  

The impact of critical infrastructure that is damaged is researched by Deshmukh, Oh and Hastak (2011). 

The authors have designed a Severity Assessment Tool (SAT) that is used to determine “the severity of 

social and economic impact by evaluating the reduction in the functionality of the affected activities”. 

This tool can be used to assess what parts of infrastructure are most critical that are used for 

accommodating the most important social and economic activities. The data used to develop this model 

showed the technical, social and economic importance regarding the relationship between 

infrastructure, communities and industries. An example of the impact of weak critical infrastructure is 

the disastrous situation at Haiti after the 2010 earthquake. The Caribbean is as well a hurricane prone 

region also prone to earthquakes. However, the 2010 earthquake in Haiti was not peculiar or unusual 

heavy. The main reason for the enormous impact was the weak infrastructure of Haiti that caused a 

disruption of crucial goods and services such as water and healthcare (Brattberg & Sundelius, 2011). This 

indicates the poor status that Haiti was in and how important a strong critical infrastructure is to 

withstand commonly occurring disasters well. Building a strong critical infrastructure begins with 

maintaining outdated and deteriorated existing infrastructure. Figure 9 shows the important position of 

infrastructure within the model of disaster impact. This indicates the urgency of a resilient critical 

infrastructure and swift recovery.  

 

 

 

 

 

 

 

 
 
 
Figure 9: Disaster impact mechanism – basic cell model (Oh & Hastak (2008) 
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RESOURCES 

Resource management in disaster recovery is recently one of the most extensively researched topics in 

recovery studies. The urgency of research concerning resources in urban recovery originates from the 

availability of resources being a critical condition for urban recovery (Chang, Wilkinson, Potangaroa & 

Seville, 2010; Chang, Wilkinson, Potangaroa & Seville, 2012; Chern & Liu, 2014; Opdyke, Lepropre, 

Javernick-Will & Koschmann, 2017; Park, 2005; Singh, 2007).  

Four different types of resources needed for urban recovery are described in literature (Opdyke et al, 

2017). The following types are distinguished: 

- Material  (e.g. equipment and transportation) 
- Human  (e.g. labor workforce) 

- Information (e.g. expertise and contacts) 
- Financial  (e.g. joint funding projects) 

In general, in urban recovery clusters are formed of stakeholders that cooperate and exchange resources. 

Forming clusters is a consequence of a more effective recovery process together than as an individual 

organization. If any of these four resources is lacking, the urban recovery is disturbed (Opdyke et al, 

2017; Park, 2005). However, not all resources are shared as frequent as others. Opdyke et al. (2017) 

established, using a Social Network Analysis (SNA), that information is most frequently shared at six 

months after the occurrence of a natural disaster, so this can be considered long-term urban recovery. 

Information as a resource is relatively easy to exchange without much authorization issues within 

organizations. Next, material is shared often, although due to more administrative mechanisms this is 

more complex to coordinate. At last, human resources were hard to find and therefore not exchanged 

between organization due to its scarcity. This scarcity leads to human resources being a bottleneck for 

a quick urban recovery (Chang et al, 2010). The SNA method is also used to investigate what parties 

have what roles in the disaster recovery. Not surprisingly, governments have a leading role after 6 

months and 12 months of the process (Chern & Liu, 2014). After 6 months international organization are 

the second most central party and therewith more than local organizations. However, after 12 month 

the local organizations have taken a more central role in the disaster recovery process than international 

organizations. This indicates a transition towards normalcy in which international help is less necessary 

and local parties takes this role.  

Besides the different types of resources, different strategies to use the resources can be distinguished. 

Chang et al. (2010) have mentioned four different types of reconstruction strategies regarding resources: 

government driven, donor driven, market driven and owner driven. Different stakeholders have different 

priorities with these factors and inefficiencies affect all recovery processes. How the recovery process is 

executed depends on the approach. Government driven resource strategies are characterized by the 

government having full control over the resources and supply distribution. A common occurrence in 

reconstructing after a disaster is that prices of resources are increasing much due to scarcity. The 

government can establish and control a certain maximum price level to reduce costs. Chang et al. (2010) 

have performed case studies for the different types of strategies. A case study in China shows that this 

government driven strategy is only favorable when a pre-disaster resource planning exists including a 

flexible and proactive construction market. A case study in Indonesia describes the case of donor driven 

strategy. Donors in this case are mostly NGOs. Often NGOs are specialized on humanitarian aid, not 

reconstruction. Besides, inconsistent mandates and delegating unqualified local construction workers 

often result in issues. As a third case study reconstruction in Australia with a market driven resource 
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strategy was researched. In this case new construction rules came into action to increase resilience. 

However, building materials that were to be used for more robust constructions were not available 

enough which lead to increased prices. The building code changes did not take into account time that 

was necessary for the market to adopt. Owner driven strategies are characterized by house owners for 

who it is their own responsibility to reconstruct their house without significant external financial or 

material assistance. Government and donor driven strategies are often more dominant in developing 

countries. Besides, market driven strategies tend to be more cost effective and lead to greater 

affordability of new housing.  The actual situation is likely to be a combination of the four different 

resource strategies. The most important condition is an efficient cooperation of the different 

stakeholders.  

The availability of resources is often mentioned as crucial condition for reconstruction. Singh (2007) and 

Chang et al (2012) have identified five factors that influence the availability of resources. Table 3 lists 

those factors. Although described in slightly other words, the explanations align. The project operational 

environment is important to have opportunities and flexibility in how to use resources. Disaster recovery 

is complex and needs creativity to perform successfully with presumably less resources than normally. 

Both researches also stress the importance of continuing good (contractual) relationships between 

different parties in the field of construction. The need for resources is obviously greater than usually in 

a non-reconstruction period. This means the construction market must adapt temporarily to a greater 

production and supply of necessary goods. Thereby it is likely that manufacturers of resources also have 

damage to their own facilities, so creativity is needed to keep lead times of procurement minimal. Every 

situation after a disaster is unique and different countries have different needs what makes it difficult to 

develop a predefined framework. The type of reconstruction can depend on what resources are available. 

It should be prioritized what is possible with scarce resources, but this prioritization depends on other 

factors per disaster recovery project. An essential condition for resources to be useful is that materials 

can be transported towards the place where needed and that is where the critical infrastructure plays its 

crucial role.  

Table 3: Identified factors that influence resource availability (Chang et al, 2012; Singh, 2007) 
Singh (2007) Chang et al (2012) 
Ability to pool resources Project operational environment 
Existing contractual relationships Project stakeholders 
Lead time of procurement Construction market 
Prioritizing of works Disaster recovery project 
Transportation into and around disaster zone Transportation 

One of the essential resources mentioned was financial assets. National funds are often the biggest 

stakeholders in paying out recovery money. That implies the government is the stakeholder that has 

most influence on how to improve the urban recovery due to their policy and money interests. A 

longitudinal case study of infrastructure networks in New Zealand of Macaskill and Guthrie (2018) 

concludes that opportunities are often missed to replace more resilient infrastructure rather than only 

repairing due to a high dependence of local governments to national funds. Because of the major 

damage that often occurs after a natural disaster national funds are needed. Commonly national 

governments are lacking flexibility which is needed after a natural disaster to decide on how to recovery 

their infrastructure. The level of recovery is limited by the funding granted by the national funds.  
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2.1.2 ECONOMIC RECOVERY 

Economic recovery of a country or area after a natural disaster is one of the most important conditions 

for a successful urban recovery (Tierney, 2007). Therefore, this is one of the most extensively researched 

topics within recovery after a disaster.  

Sardana and Dasanayaka (2013) have researched the damage to micro, small and medium enterprises 

due to a natural disaster. These enterprises are of great importance of the local and nationwide economy 

in terms of employment and purchasing power. Besides the cost of replacement of damaged 

machineries and inventories also forced closure and the consequently absence of revenues are major 

burdens. In their case study into a Sri Lankan situation the enterprises were even after 6 years not at 

their pre-disaster level. This is mainly due to lacking strategies and policies from the passive government. 

This means the government, local and federal, plays an important role in taking responsibility in recovery. 

The determination that urban recovery is a long-term process is supported by Waugh Jr and Smith 

(2006). According to the authors full recovery may even take decades. This is especially the case in 

extreme events such as hurricane Katrina in 2005 that Waugh Jr and Smith (2006) have investigated. This 

long-term process is linked to the constant discussion and choices that must be made by officials of 

different levels concerning the past situation and chances that may eventually result in a better 

(economical) situation.  

In literature no consensus can be found on possible positive effects in long-term economic recovery 

after a natural disaster (Acevedo, 2014; Briguglio, Cordina, Farrugia & Vella, 2009; Cavallo, Gailiani, Noy 

& Pantano, 2013; Chang, 1984; Chhibber & Laajaj, 2008; Hochrainer, 2009; Klomp, 2016; Klomp & Valckx, 

2014; Koetsier, 2017; Noy & duPont, 2016; Skidmore & Toya, 2002). Skidmore and Toya (2002) have 

conducted empirical research and prove that climatic disasters, in contrast to geological disasters, are 

positively correlated with economic growth. This is mainly due to an increase in the total productivity 

after a disaster. The adoption of new technologies is being catalyzed by a disaster and therefore a source 

for an increased total productivity. However, Klomp and Valckx (2014) establish that on the long-term 

disasters do not have any effect on the economic growth of a country measured in the Gross Domestic 

Product (GDP). This was the conclusion after using an extensive regression analysis. This is in conformity 

with Klomp (2016) who used satellite data to confirm this hypothesis and Cavallo et al. (2013) who used 

comparative case studies. In a case study into the Caribbean region Acevedo (2014) points out a long-

term negative effect on GDP per capita growth after disasters. Noy and duPont (2016) argue that the 

lack of conformity is due to the differences in hazards, impacts and vulnerability per case and therefore 

hard to generalize. On the short term natural disasters have a clear negative effect on the GDP, especially 

in developing countries. This development corresponds with scenario A of Chhibber and Laajaj (2008) in 

figure 10. This is partly in conformity with Chang (1984) that claimed that in general the economy does 

not suffer from a natural disaster economically. However, in this former research no distinction was made 

between climatical (e.g. hurricanes) and geological (e.g. earthquakes) disasters. A graphical 

representation of possible economic developments is created by Chhibber and Laajaj (2008) and 

Hochrainer (2009) and is shown in figure 10. The authors point out with their models and case studies 

that multiple scenarios exist for economic recovery after a natural disaster and express uncertainty about 

a generalizable correlation. 
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Figure 10: Four possible scenarios of economic recovery in GDP per capita (Chhibber and Laajaj, 2008; 
Hochrainer, 2009) 

All scenarios have a clear negative effect on the short term on the GDP, an indicator of economic growth, 

after the occurrence of a natural disaster. In scenario B the financial situation on the long term is also 

not affected by the disaster. However, there is a short period of overcompensation due to possible 

expansion of labor activities. The situation of a disaster that has costed such an amount of the capital 

stock of a country that the GDP on the long term is lower than it would have been without disaster is 

shown in Scenario C. Scenario D shows the situation where the extra capital provided to recover from 

disaster can be used to achieve technological change and progress. The GDP on the long term then will 

remain higher than without disaster. Both Briguglio et al. (2009) and Koetsier (2017) report that on the 

one hand a higher GDP per capita correlates with higher economic recovery possibilities. On the other 

hand, a higher GDP per capita correlates with a lower economic vulnerability. Sint Maarten has a relative 

high GDP per capita and consequently should be capable of dealing with economically hard times after 

a natural disaster better than surrounding Caribbean countries (Wennerholm & Torres, 2016). Besides 

own resources of both parts of Saint Martin the island has respectively France and the Netherlands as 

major economies that can provide sufficient back up funds in case of a major disaster.  

On a smaller scale of the economy the findings of Webb, Tierney and Dahlhamer (2002) are somewhat 

surprising. Their research focused on business performance after a natural disaster. Although this is a 

more detailed level than the overall economy it is an indication of the economic growth of an area or 

country. Younger businesses are significantly more likely to recovery quicker than older businesses. At 

first sight this is counterintuitive because it is reasonable to believe that older businesses have more 

resources to recover. However, a possible explanation is “that older businesses in that area had more to 

lose; and as a result, it may take them longer to fully recover from the hurricane, or at least to reach their 
pre-disaster status” (Webb et al, 2002). An even more surprising finding is that better prepared 

businesses are not likely to recover better on the long term. One explanation given for this conclusion 

is that businesses often prepare more for safety of people than for keeping the business running. The 

other reason is that preparing to resist off-site issues is much harder than on-site issues. These off-site 
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issues strike all business, prepared or not. Because it is impossible for a single business to protect against 

off-site dangers, business that are considered prepared are still evenly vulnerable for off-site dangers as 

all other non-prepared businesses. Market diversity is important for an overall better thriving economy 

regarding business performance and recovery. This means a mixture of young and old businesses, 

businesses operating in local, national and international market and diversification in sectors the 

business are active in (Webb et al, 2002). 

INSURANCE 

It is possible to insure against the damage caused by natural disasters. This is a safe option being sure 

of a certain amount of money for economic recovery. However, the reported insured losses in poor 

countries was negligible. Rich countries in contrast reported 40% insured losses. This fact may be a 

drawback for a quick recovery for poor countries. This phenomenon can be explained by the relative 

high costs for insurance that cannot be missed by the many households that live in poverty in poor 

countries (Guha-Sapir & Hoyois, 2012). However, the frequency and costs of catastrophes worldwide 

have been increasing over the last decades. This increases the pressure on tax payers and a sustainable 

financial situation of governments since only 20% to 40% of economic losses are covered by insurance. 

Consequently, the remaining part must be covered by the government (IBC, 2014). Implementing risk 

mitigation measures is thus stimulated by the costs of insurance.  

So-called ‘catastrophe bonds’ can be obtained by policymakers to reduce the effects of natural disasters 

to governments and are the recommended option by Koetsier (2017). These bonds make sure that the 

financial situation of governments is not put under too much pressure when extensive damage is caused 

by a natural disaster. Although catastrophe bonds might be expensive it could be a reasonable option 

for the government of Saint Martin to use. Since it is almost a certainty that hurricanes like Irma will 

occur more often and both Saint-Martin as Sint Maarten have enough resources this would protect them 

against huge costs that suddenly arise when a major hurricane strikes.  

TOURISM 

The importance of tourism to small islands in terms of economics has been studied recently by many 

researchers (Adrianto & Matsuda, 2003; Briguglio, 1995; Briguglio et al, 2009; Cannonier & Burke, 2017). 

There is clear consensus among the researches about the major dependence of the economic situation 

of small islands in general to tourism. This is mainly due to tourism being a major source of revenue of 

small islands states (Briguglio, 1995; Briguglio et al, 2009; Cannonier & Burke, 2017). Tourism, which can 

vary under many external and internal influences, then causes a vulnerable situation for the small islands. 

Adrianto and Matsuda (2003) found a correlation between the size of the country and its economic 

vulnerability. It appeared that there is a significant higher economic vulnerability when the size of the 

island decreases. This is mainly since small islands mostly depend on tourism.  

Obviously, it is important for small islands to attract tourists quickly after a disaster in order to recover 

economically. Instead of focusing solely on returning the number of tourists back to pre-disaster level, 

Gurtner (2016) points out the importance of strategies and policy that reduces the impact of disaster on 

tourism in advance. The number of tourists arriving at a destination that is affected by a disaster depends 

much on the imaging of the media that reports about the disaster. Moreover, as Khazai, Mahdavian and 

Platt (2018) describe, the actual situation is often exaggerated by the media which deteriorates the 

process of quick tourism recovery. In order to reduce costs and to represent data in a clear and visual 
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manner regarding the post-disaster situation, the authors have designed the Tourism Recovery 

Scorecard (TOURS). This is based on the performance of safety, physical recovery and business recovery 

of the struck area. Different tourist stakeholders can use this to inform (potential) tourists directly instead 

of through media with regularly updates of the current situation. Using key informant interviews has 

proven to be an effective, accurate and cost-effective method to monitor the recovery and inform 

tourists. Faulkner (2001) is often cited concerning the topic of disaster tourism recovery. Faulkner has 

created a ‘Tourism Disaster Management Framework’ which can be used to optimize tourism recovery. 

In contrast to the TOURS method of Khazai et al. (2018), this method is not used to evaluate the recovery, 

but to provide guidelines what theoretically would be the most effective process. The framework is 

divided into six phases (from pre-event to resolution) and followed up by specific elements and principle 

ingredients for disaster management responses. The specific attention for tourism recovery on small 

islands indicates the urgency and vulnerability of small island economies. The local news agencies on 

Saint Martin update regularly their websites about the status and availability of hotels and amenities. 

However, it might be worth to launch a large advertising campaign to attract tourists quickly and 

therewith informing them. This should be focused on countries where most visitors come from like US 

and western Europe (Department of Statistics Sint Maarten, 2017). 
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2.1.3 SOCIAL RECOVERY 

Social relationships and people’s livelihoods are affected by the results of natural disasters. The society 

also plays a major role in the urban recovery post-disaster. Many researchers have investigated the role 

of society in recovery (Abe, Ochiai & Okazaki, 2017; Ademola, Adebukola, Adeola, Cajetan & Christiana, 

2016; Arnstein, 1969; Blake, Marlowe & Johnston, 2017; Chang-Richards, Rapp, Wilkinson, Meding & 

Haigh, 2017; Comerio, 2014; Di Gregorio & Soares, 2017, Fayazi & Lizarralde, 2018; Ganapati & Ganapati, 

2008; Gjerde & de Sylva, 2018; Hettige et al., 2017; Horney, Nguyen, Salvesen, Tomasco & Berke, 2016; 

Kammerbauer & Wamsler, 2017; Lawther, 2009; Olshansky, Johnson, Horne & Nee, 2008; Paton & 

Johnson, 2001; Pongponrat & Ishii, 2018; Xu, Xu & Lu, 2016). The main focus of researches concerning 

social recovery is the public participation in the recovery process.  

COMMUNITY INVOLVEMENT 

Multiple researches have shown that natural disasters often lead to marginalization of vulnerable groups. 

Community involvement or beneficiary participation is mentioned as a means to serve the interests of 

this vulnerable group within society (Blake et al, 2017; Kammerbauer & Wamsler, 2017; Lawther, 2009; 

Pongponrat & Ishii, 2018). Both Blake et al. (2017) and Pongponrat and Ishii (2017) mention a limited 

social network, a lack of resources and a lack of the ability to use these resources as reasons how 

vulnerable people are being marginalized due to a disaster. The lack of resources concerns for example 

no access to transport or communication. Another example of resource is (financial) state support. The 

ability to access state support is sometimes also insufficient for marginalized people due to inability to 

access or go through the procedures. The marginalized group often consists of elderly and people with 

a migrant background (Kammerbauer & Wamsler, 2017). In addition, Pongponrat and Ishii (2018) argue 

that the location of poor people’s dwellings increases the vulnerability, which may cause more inequality 

for marginalized people in the aftermath of a disaster. Lawther (2009) discusses that community 

involvement should be used as a local resource in order to take care better of marginalized people as 

well. As a result, the overall society will become more resilient.  

The level of community involvement varies per case. A commonly used overview of the level of citizen 

participation is created by Arnstein (1969). Figure 11 shows the ‘ladder of citizen participation’ by 

Arnstein (1969) and is supplemented with an indication of the amount of control of the community over 

project decision-making by Lawther (2009).  

8 Citizen control 
Degrees of citizen power 7 Delegated power 

6 Partnership 
5 Placation 

Degrees of tokenism 4 Consultation 
3 Informing 
2 Therapy 

Nonparticipation 
1 Manipulation 

Figure 11: Ladder of community participation (Arnstein, 1969; Lawther, 2009) 

Active engagement is needed for community participation to become successful according to Horney 

et al. (2016). This means participation should be in the degree of citizen power, as it is called in figure 

11. More community participation paradoxically seems to require more staff assigned to the recovery 

(Horney et al, 2016). More staff is needed to provide opportunities for beneficiaries to get involved and 

Amount of community control 

of project decision-making 
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to stimulate them to participate actively. The definition of active engagement is used different among 

the studies. In the example of China people are encouraged to share ideas and discuss measures to take. 

While Lawther (2009) identifies active involvement as e.g. helping constructing houses, passive 

involvement is about meetings in which beneficiaries can ask questions and raise concerns. Although 

passive involvement is also considered of great importance by Lawther (2009) in the urban recovery 

process, active involvement is often more visible. Lawther (2009) has listed the advantages of community 

driven reconstruction projects: 

- More cost effective 

- Providing a potentially better product quality where technical and supervision skills are available 
- Being more empowering 
- Allowing for incremental reconstruction thereby permitting occupancy before the house is fully 

completed 
- Restoring confidence in those traumatized through the experience of disaster 

- Providing local capacity building and employment 
- Preserving of local cultural heritage through land use planning and vernacular housing style 

However, there are also risks mentioned by Lawther (2009): 

- Over-reliance on the local community could have a detrimental impact upon other project 
objectives around time, cost and quality 

- People with the right skills should lead the community involvement process 
- Implementing agencies can be used by individuals as a platform to make political statements 

against the government which affects the governments reputation in society 

The first risk mentioned by Lawther (2009) is not only a risk but can be considered as the core business 

of an urban recovery expert leading community involvement. The main task should be to identify what 

the community can decide or develop itself within a framework that is controlled by the expert.    

Abe et al. (2017) found that the bottom-up approach of community involvement positively affects the 

satisfaction of people about their dwelling, a longer stay in that house and a higher disaster awareness. 

An assessment of multiple case studies in community involvement in different countries is conducted by 

Comerio (2014). This study supports the statement by Lawther (2009) and Abe et al. (2017) that a 

recovery process in which the people are placed central and being involved in the process is beneficial 

over a recovery process in which the community has a passive attitude. It is difficult to compare the 

successfulness of one recovery process to another since there is no general model of comparing on 

quality or pace at the same aspects. However, studies of Paton and Johnson (2001), Ganapati and 

Ganapati (2008) and Olshansky et al. (2008) prove the success of a bottom-up approach by local 

knowledge and local capacity in contrast to the more traditional top-down or technocratic model. 

However, government leadership is crucial, especially in the emergency phase. The recovery process 

needs to find the right balance between individual responsibility and assistance from the government. 

It also depends on the point of view of the policymakers. Fayazi and Lizarralde (2018) state that some 

see community involvement as a goal of recovery, while other policymakers see it as a means to recover 

more successfully. Next to the government policies and practices, four other barriers to community 

participation are identified by Chang-Richards et al (2017). A lack of capacity, lack of sense of community 

and gender issues in the area can cause people to not be willing or able to participate. In addition, a lack 

of profession competence in NGOs is mentioned as a barrier because the area that is to be recovered 

may have specific cultural issues that are hard for a NGO to master.  
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The community participation is not in all phases of recovery equally distributed. However, in all stages 

residents are (one of) the most important stakeholders. This is the conclusion of a post-earthquake case-

study in China by Xu et al. (2016). This study identifies the involvement and level of involvement of all 

stakeholders in different stages of the urban recovery. While the government provided guidance, the 

residents were actively encouraged to participate in all key reconstruction stages. Community 

participation not only results in a wider accepted new situation by the citizens, it can also help people 

processing the disastrous events better. Di Gregorio and Soares (2017) describe the social context of 

housing recovery as follows: “Housing recovery can be used to strengthen community relationships, 
develop group identity and mature processes of collective awareness and collaboration, as well as 

provide the recovery process a concrete dimension, which may help in the elaboration of trauma” (Di 
Gregorio & Soares, 2017). The uncertainty of temporary housing and the entire emergency situation 

after a disaster can result in a trauma. Housing reconstruction can be used to recover from this mental 

trauma by providing employment and organizing reconstruction as a collective recovery activity. 

CULTURAL RECOVERY  

Local culture can influence the vulnerability and perspective of the most appropriate direction for urban 

recovery. An often-mentioned subject concerning cultural recovery in literature is rural versus urban 

cultures that have other objectives (Ademola et al, 2016; Gjerde & de Sylva, 2018; Xu et al, 2016). Gjerde 

and de Sylva (2018) have researched a Sri Lankan case study. In this case study the rural culture is proven 

to be more self-reliant in comparison with the urban culture. Xu et al. (2016) describe frictions between 

urban and rural cultures in their Chinese case study. In China urban culture is considered more advanced. 

This friction may be explained by the finding of Ademola et al. (2016) that “generally, rural respondents 
suffered more damages, spent a higher proportion of their income on repairs and also took a longer 

time to recover from losses” (Ademola et al, 2016). This indicates an unequal situation for rural and urban 

cultures what may cause friction within society. However, finding a safer place to live apparently is not 

such a straightforward solution. Hettige et al (2017) investigated a Sri Lankan case study in which some 

vulnerable coastal areas were indicated as no-build zones. People who had previously lived in this area 

resettled in new accommodations initiated by the government. It turned out that many left their new 

settlement and went back to their former neighborhood despite the evident risks and danger.   
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2.1.4 ENVIRONMENTAL RECOVERY 

In national policies environmental aspects are not given priority such as health and business continuity 

(Srinivas & Nakagawa, 2008). However, it is considered of critical importance to start incorporating 

environmental and ecological concerns in disaster related policies. Srinivas and Nakagawa (2008) have 

listed four potential environmental impacts by hurricanes that have a major influence on natural 

resources and industries: 

- Sewage overflow and chemical releases from roads, farms and factories; 
- Hazardous debris – chemicals, medical and other materials as disaster debris 

- Ground and surface water contamination 
- Loss of topsoil due to rapid drain of runoff 

Three additional exacerbating environmental factors are identified by Srinivas and Nakagawa (2008). 

- Habitat and ecosystem destruction (e.g. coral reefs and mangroves) 
- Deforestation and water siltation 

- Urbanization and land use / land cover changes 

Disaster debris is considered the most critical problem (Srinivas & Nakagawa, 2008). The debris is a 

resource for all kinds of construction works (Reja, Brody, Highfield & Newman, 2017). However, the 

capacity of processing the disaster debris is too small to not be a bottleneck for the reconstruction 

process. In many cases the mentioned environmental impacts are not taken into account seriously 

enough yet due to lacking knowledge. The environmental factors mentioned by Srinivas and Nakagawa 

(2008) should have woken up local and national politicians much earlier. The paradox of ecology and 

tourists is that flora and fauna, including coral reefs, are main reasons for tourists to visit bounty islands, 

while at the same time tourists are a major cause of ecological dilapidation. Besides, forests, greenery 

and for example mangroves have a major function in protecting land masses against floods and other 

forces of nature. Land cover is of great importance of the capability of the environment with sudden 

huge amounts of water (Reja et al, 2017). This shows the wrong priorities of local politicians to not pay 

attention to protect the ecological assets and use it as a barrier for natural disasters instead of 

dilapidating the scarce assets, such as coral reefs.  

Hinzpeter and Sandholz (2018) converted post-disaster studies into suggested measures regarding 

more resilient environmental assets. The main areas of improvement are (1) reforestation to prevent 

erosion and a more stable water regulation, (2) mangrove or coral reef ecosystems that create a natural 

buffer and (3) relocation of activities or construction to less vulnerable locations. These suggestions 

could be incorporated in zoning plans and require limited resources with large effects. A suggested 

policy by Mimura (1999) is to stimulate people living in further inland and in uphill areas to be more 

protected from the water and to have less vulnerable agriculture. This consideration is a difficult tradeoff 

between living in the coastal area with its advantages, but also a larger vulnerability to natural hazards. 

There are many other effects of climate change on all aspects of people and their surroundings that are 

identified by Hernández-Delgado (2015) and are presented in figure 12 including their mutual 

relationships. This figure illustrates the widespread impact of climate change on a country and society. 

These factors belong to multiple different study areas among others urban systems, real estate and 

obviously the built environment as a whole.  
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Figure 12: Conceptual integrated model of climate change impacts on (urban) environment 
(Hernández-Delgado, 2015) 
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2.2 BUILD BACK BETTER 

Build Back Better (BBB) is an often-recurring term in literature concerning urban recovery. The meaning 

of the ‘Build Back Better’ seems straightforward, but in this section the theory and application of this 

principle are discussed.  

2.2.1 DEFINITION 

Build Back Better is mentioned in the definition of urban recovery by UNGA (2016). The definition of BBB 

that is published by UNGA (2016) is as follows: 

“The use of the recovery, rehabilitation and reconstruction phases after a disaster to increase the 

resilience of nations and communities through integrating disaster risk reduction measures into 
the restoration of physical infrastructure and societal systems, and into the revitalization of 

livelihoods, economies, and the environment.” (UNGA, 2016) 

The definition has a clear focus on reducing impact of future disaster by implementing the necessary 

measures while recovering from a recent disaster (Clinton, 2006). The term Build Back Better was 

mentioned for the first time during the recovery process of India after the India Ocean Tsunami in 2004. 

At the time Clinton (2006) was appointed Special Envoy for Tsunami Recovery for the United Nations 

and wrote in that capacity ten propositions to pass along lessons learned from the recovery in India. The 

ten propositions are as follows: 

1. Governments, donors, and aid agencies must recognize that families and communities drive 
their own recovery. 

2. Recovery must promote fairness and equity. 
3. Governments must enhance preparedness for future disasters. 
4. Local governments must be empowered to manage recovery efforts, and donors must devote 

greater resources to strengthening government recovery institutions, especially at the local level. 
5. Good recovery planning and effective coordination depend on good information. 
6. The UN, World Bank, and other multilateral agencies must clarify their roles and relationships, 

especially in addressing the early stage of a recovery process. 
7. The expanding role of NGOs and the Red Cross/Red Crescent Movement carries greater 

responsibilities. 
8. From the start of recovery operations, governments and aid agencies must create the conditions 

for entrepreneurs to flourish. 
9. Beneficiaries deserve the kind of agency partnerships that move beyond rivalry and unhealthy 

competition. 
10. Good recovery must leave communities safer by reducing risks and building resilience. 

These ten propositions are the most concrete statement to be found about how the principle of BBB can 

be implemented into actual policy and situations. Most of the propositions are stating very obvious 

suggestions such as proposition number 10. However, the fact that Clinton is appointed Special Envoy 

for the UN resulted in many countries taking urban recovery more seriously. The term BBB has become 

a very popular and well-known term in recovery related context. That is a good development since 

disaster risk awareness is an important condition to become more resilient. In the next section literature 

is discussed based on the ten propositions and gives insight how these statements can be implemented 

into actual situations and what problems may occur.   
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2.2.2. FROM THEORY TO PRACTICE 

The theory must be translated into practice before it becomes effective. There is much literature about 

the implementation of BBB since the principle BBB is widely used and can be seen as a popular term to 

use when it comes to urban recovery since last decade. Although some of the propositions are very 

straightforward in their concept, it is not easy to implement (Mannakkara & Wilkinson, 2014).  

The first proposition of Clinton (2006) focusses on the role of families and communities in the recovery 

process. The idea that communities are involved in their own recovery and even take a leading role in 

this process is researched by Murphy, Pellin, Adams, Di Vicenz and Visman (2018). Six different 

distinguishable components of Survivor-Led Response are discussed in the research article. The six 

different types are mutually related and are as follows: “psycho-social support, early livelihood support, 
community empowerment, community cohesion, government collaboration and addressing the root 

causes of vulnerability” (Murphy et al, 2018). The Survivor-Led Response is a decentralized system in 

which community itself takes initiatives for their own recovery. A concept that is in line with this strategy 

and goes even further is argued by Maly (2018): People Centered Housing Recovery (PCHR). This system 

puts people at the center of recovery and consequently trying to solve some shortcomings of BBB in 

community involvement and housing reconstruction. PCHR can be considered an extension of BBB with 

special regard to a more detailed approach towards the lives and livelihood on multiple scales, from 

involvement in creation of policy for the disaster area to participation in individual housing design. It is 

considered that when the survivors are not involved in the recovery process, it is not at all certain in the 

BBB strategy that the post-disaster situation will be better for them as the name Build Back Better 

suggests. This indicates that principle of BBB is still too broad to implement directly for a successful 

recovery.  

In general, in housing recovery two main types can be distinguished: donor-assisted reconstruction 

program (DAP), which is a centralized method, and owner-driven reconstruction programs (ODP), which 

is a decentralized method. In a centralized program the leading role is taken by an overarching 

organization such as NGOs (donors), while in decentralized programs the community takes initiative and 

makes plans on a smaller scale. The ODP method fits best with the BBB and PCHR principles since 

individuals are expected to contribute actively. In a Sri Lankan case study by Lyons (2009) in both 

qualitative as quantitative results the ODP outperformed DAP. In places where ODP was applied, more 

houses were built in less time and of better quality. This included better designs and a faster completion 

of infrastructure and amenities. However, in the ODP process not the entire community is involved. It 

causes exclusiveness towards house-owners, since this group can make better use of the chances 

provided by ODP, compared to renters (Lyons & Schilderman, 2010). 

In the recovery process special attention is needed for low-income and minority communities, aligning 

proposition two of Clinton (2006). Kim and Olshansky (2014) point out that households in low socio-

economic situations need more time and support to recover. This is due a variety of reasons that are 

mentioned in literature. One example is illustrated by Tafti (2015) in a case study in Iran where rental 

dwellings that were built in the reconstruction process turned out to be unaffordable for low-income 

households.  Households in a low socio-economic situation often have worse access to social capital 

which is a disadvantage in comparison with other households and puts these households arrears 

(Aldrich, 2012). Households in a low socio-economic category in general claim less resources and 

assistance as well, when provided. That is due to inappropriateness of new houses in terms of size and 

number of rooms (Ganapati, 2013). This results in an unequal distribution of assistance. These examples 
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result in a slower housing reconstruction and thus recovery or out migration as stated by Zhang and 

Peacock (2009). The examples show that there is still a lot of improvement possible concerning 

stimulating equality in the recovery process.  

Restricting constructions in the most vulnerable locations of an area prone to disaster is one way to 

increase preparedness for future disasters from the governments’ perspective, aligning the third 

proposition. Gjerde (2017) describes a New Zealand recovery case study after an earthquake in which 

the government has bought many privately-owned properties that were located in the riskiest areas. The 

home owners that were sold out had the chance to buy a new piece of land to rebuild their own new 

house in a safer location.  Nevertheless, downsides of this method are the extensive costs for the 

government and alternative locations to build need to be available (Gjerde & de Sylva, 2018). Gjerde 

and de Sylva (2018) also discuss the recommendations from a New Zealand and Sri Lankan recovery 

process to stimulate local government taking a leading role. However, resources from a higher, more 

centralized order were needed when the disasters and damage became too extensive. This indicates the 

difficulty in implementing the fourth proposition. Though, at all times so-called ‘grassroots ideas’ should 

be taken seriously instead of rolling out a top-down process without any flexibility to adapt. Grassroots 

ideas are initiatives from the local community itself and are defined by their bottom-up strategy (Panda, 

2007). The consideration for a centralized or a decentralized strategy is emphasized by Mannakkara and 

Wilkinson (2016). Both types have their advantages and disadvantages. For example, centralized 

recovery programs are often cost-effective and completed on time, while decentralized recovery 

programs lead to innovative solutions by using local knowledge and resources. The consideration is 

stated as follows by Mannakkara and Wilkinson (2016):   

“When centralization or the level of internal control is too dominant, communities become less 
adaptive to change thus stifling change and innovation. On the other hand if there is too much 

decentralization, it can result in a chaotic ad-hoc environment.” (Mannakkara & Wilkinson, 2016) 

Two possibilities are mentioned accordingly to overcome this choice: using existing government 

organizations or creating a new recovery authority. The successfulness of the latter option depends on 

their relationships and processes pre-disaster with other departments and levels of government. More 

often a new recovery authority is founded. The new authority’s role, level of centralization and mandate 

can be arranged from a blank situation. The authority “should consist of members from local government 
organizations in order to best utilize local knowledge, resources and already established relationships 
with local stakeholders” (Mannakkara & Wilkinson, 2016). It also sends a message of urgency and taking 

recovery seriously from the government to society (Thiruppugazh, 2014). 

During the recovery flexibility is key (Fan, 2013; Murphy et al, 2018). The relationships of the involved 

stakeholders can change because the long-term recovery can take years. However, it is important to 

define the role and responsibility of each actor as early in the process as possible, as is stated in the sixth 

proposition. Next, the actors should share the same vision of het BBB concept in order to cooperate as 

effectively as possible. Not all actors might share the same meaning of BBB as a case study in Indonesia 

by Fan (2013) proves. First, in vision of the national government BBB was about reconstructing safer 

houses and more resilient infrastructure. Second, the local Rehabilitation and Reconstruction Agency 

(BRR) considered BBB being about creating more transparency, effective delivery and accountability in 

order to reorganize the governance culture in Indonesia. Third, humanitarian agencies interpreted BBB 

as an opportunity to empower local communities rather than physical reconstruction (Fan, 2013). The 

downsides of lacking arrangements and alignment among stakeholders is also stressed by Murphy et al 
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(2018). It results in uncertainty among the stakeholders and consequently amongst the community as 

well. The cooperation of organizations also includes an agreement about which, how and when 

information is shared since the organizations have often their own sources but can have relevant 

information for other stakeholders. An insufficient information sharing process causes delays and 

suboptimal recovery results (Opdyke et al, 2017; Park, 2005). 

The importance of NGOs as mentioned in the seventh proposition is critically reviewed by Lyons (2009). 

The resources and help from NGOs, for example the Red Cross, are often necessary in major disasters. 

The damage often exceeds the coping capacity of local or national resources. However, NGOs tend to 

take a leading role in recovery if the government does not take a strong position in the process. A Donor 

Assisted Recovery Program (DAP) is the result which is less favorable on the long term for the 

community. So, the research of Lyons (2009) is in line with the seventh proposition to the extent that 

NGOs have a large responsibility in the recovery process, but that the government should define a strong 

governmental structure in which NGOs have a supportive role.   

The eighth proposition is exactly corresponding with a research of Mannakkara, Wilkinson, Willie and 

Heather (2018). This research describes the urgency of a quick return to normalcy for businesses. When 

the news is spreading a business had to close, it is difficult to reverse that image. Besides, tourism is the 

main economic driver on many islands. For this sector it is essential that people have the feeling it is safe 

to go to that island after the disaster. On the one hand, in the early recovery process this may result in 

a focus on aesthetics of tourist destinations. On the other hand, if tourism picks up post-disaster quicker, 

this is the best for overall economic recovery. Tourist organizations have a major role in reassuring 

people it is safe and sound to travel to the struck destination. Even though a coordinated strategy for 

businesses to strengthen its resilience is lacking in the BBB concept, it is due to the adaptability of 

businesses that Tierney (2007) concludes that within eighteen months most of businesses are back on 

pre-disaster performance level.  

Stakeholders must cooperate after a disaster and must deal with new or other relationships with other 

organizations. However, as proposition nine is addressing, this should never be at the expense of the 

beneficiaries. Negotiations between organizations in a post-disaster situation take much valuable time 

which harms the recovery and reconstruction of the struck area (Macaskill & Guthrie, 2018). These 

negotiations and alignment are important as the stakeholders such as civil society, NGOs, donors, 

governments and international organizations have different interests, constraints to funding and 

experiences in the urban recovery process (Wisner, 2017).  

Obviously, a natural disaster can cause extensive damage. The physical damage can consist of partly or 

entirely damaged constructions. The necessary reconstruction could also be used an opportunity to 

implement more resilience instead of the disaster only being a drawback. Besides, the physical 

reconstruction the momentum of the situation could also be used to innovate procedures and 

governance (Fayazi & Lizarralde, 2018; Gjerde, 2017; Kammerbauer & Wamsler, 2017; Lyons, 2009; 

Wilkinson, Twigg & Few, 2018; Xu et al, 2016). Wilkinson et al. (2018) describe this window of opportunity 

as follows:  

“The period following disaster events, when political attention is heightened and key decisions 
are being made on rehabilitation, can be a chance to radically reduce future risk. Disasters can 

destroy decades of development gains, but they also offer an opportunity for increasing resilience. 
…. Following a disaster, there is likely to be more political and social pressure for longer-term risk 
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reduction measures, and more technical and financial resources are likely to be available to 

implement them.” (Wilkinson et al, 2018) 

The government should take responsibility to take the post-disaster situation as an opportunity to revise 

the pre-disaster norms and policies in order to align with the tenth proposition of Clinton (2006).  
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2.3 IMPLEMENTATION OF URBAN RECOVERY 

In the implementation process of urban recovery guidelines several difficulties may occur. This section 

highlights the difficulties that are mentioned in the literature. The theoretic principles of BBB are general 

and need adaptation in every unique recovery situation. Hence tradeoffs between recovery objectives 

must be made. Fayazi and Lizarralde (2018) have identified four main aspects of recovery that most often 

have conflicting objectives. The first one is a different point of view on recovery from the stakeholders 

where on the one hand some want to take the disaster as a chance to innovate and modernize. On the 

other hand it is likely to have stakeholders’ plea to keep as much stability and traditional elements as 

possible (Mannakkara & Wilkinson, 2014).  

The second area with many conflicting objectives is the pace of reconstruction. Some stakeholders are 

focused on the short-term and want a quick fix to move into a swiftly repaired house (Comerio, 2014; 

Olshansky et al, 2008). In this case people are less likely to lose (important) social ties. However, other 

stakeholders want to take time to build a more resilient physical environment. This concerns processes 

that take time such as involving the community in improving the land-use planning, revising building 

codes and training constructors. A possible consequence of a revised land-use planning is areas declared 

unfit for rebuilding houses in. In a case like this the government buys the properties in unfit declared 

zones. The former home owners then can find another place to build a house. However, this asks a lot 

of government resources (Comerio, 2014; Gjerde, 2017; Olshansky et al, 2008).  

The third topic with possible conflicting objectives is the speed and quality of transitional shelters. 

Transitional shelters are used as immediate accommodation after a disaster till the permanent housing 

has been repaired or reconstructed. These transitional shelters are considered a safe place to stay in an 

often-chaotic situation. However, downsides are the high costs, often low quality of temporary shelters 

and often camps with temporary shelters are remotely located. This causes economic and social ties to 

weaken. If possible, finding accommodation at the house of family or friends or in public buildings is 

another option.  

The fourth and last mentioned area with many conflicting objectives mentioned by Fayazi and Lizarralde 

(2018) is how to compensate affected households and business for damage. There are generally two 

options. The first option is to provide equal compensation to all. This is possibly the better option to 

reduce social and economic gap of households or business with low socio-economic status. The other 

option is to compensate based on actual losses. This may be fairer to hardest hit households or 

businesses. However, it is difficult to examine exactly how large the damage is and take a lot of effort 

on an individual scale, thus much time. This is an important consideration since low socio-economic 

status of households and businesses is negatively related with the pace of recovery. Without any special 

attention to this group, a disaster is likely to enlarge gaps regarding social and economic situations 

between groups in society (Gjerde, 2017; Kammerbauer & Wamsler, 2017). Wu and Lindell (2004) state 

that the conflicting objectives can be tried to avoid as much as possible by creating pre-disaster recovery 

planning. It has been found that not the actual plan is most useful for the post-disaster process, but the 

planning process of creating the pre-disaster planning itself. By going through the process of creating a 

recovery planning the interests of all stakeholders are considered. This results in a more efficient recovery 

process and saves valuable time (Mannakkara & Wilkinson, 2014). Besides pre-disaster plans flexibility 

and adaptability are important themes to incorporate since it is hard to predict the progress and exact 

effect of the recovery (Wilkinson, Twigg & Few, 2018). 
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2.4 DAMAGE SAINT MARTIN AFTER IRMA 

Although there have been many warnings for the force of hurricane Irma, it could not be prevented that 

many buildings have been damaged. Figure 13 shows all damaged buildings on Saint Martin. The pink 

patches indicate dense urbanized areas. These areas define the dense urbanized areas. Where the pink 

is visible instead of the yellow, orange or red overlay the buildings are assessed to have minimum to no 

damage.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Damage due to hurricane Irma at Saint Martin (edited from PDC Global, 2017; Mapsland, 2018; 
Canglialosi, Latto & Berg, 2018)  

Clearly not all dense urbanized areas have many damaged houses. Since a hurricane moves clockwise 

the high wind speeds come from different wind directions at different moments. That depends on the 

track of the hurricane. The reasons for the difference in damage can be various. One of the factors that 

can have an influence mentioned by Sommen, Pearson and Boggs (2018) is a difference in wind speed 

caused by hills and the wind direction. Wind speeds on the windward side of a hill can be increased by 

20 to 50%. The exact effect of the hill on the wind speed depends on the gradient and shape of the hill. 

In contrast, on the leeward side of a hill the wind speed will be lower than in a flat geographical situation. 

An explanation of the windward and leeward side is shown in figure 14. However, because the wind 

direction varies when a hurricane hits and passes by this is effect may be small in this case. Another 

effect studied by Sommen et al. (2018) concerns trees. On the one hand trees can have a protective role 

when local windspeeds are absorbed. On the other hand, trees can also have a destructing effect being 

0        2km 

Completely destroyed 
Highly damaged 
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Negligible to slight damage 
Dense urbanized areas 
Track eye of hurricane Irma 
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Prevailing wind 

debris itself. This depends on species, location and size and thus should be considered by urban 

planners. Chapter 3 concerns disaster risk reduction and will go deeper into measures to become less 

vulnerable to wind.  

 

 

 

 

 

Figure 14: Windward and leeward side of a hill 
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2.5 URBAN RECOVERY ON SAINT MARTIN 

Every urban recovery situation is unique and so is the urban recovery on Saint Martin. This section 

discusses how the local government has dealt with aspects of recovery as mentioned in the previous 

sections. However, hardly any scientific literature is available on urban recovery on Saint-Martin in 

specific. Although this makes this master thesis a relevant contribution to the existing literature on urban 

recovery, the information in this section largely depends on government reports. Statements from 

professionals about recovery policy and the implementation of this policy will be discussed in chapter 5.  

2.5.1 PHYSICAL RECOVERY 

The Interministerial Delegation for reconstruction of Saint-Martin has identified objectives concerning 

physical recovery (Délégation interministérielle à la reconstruction des îles de Saint-Barthélemy et Saint-

Martin, nd). One of the objectives is to create stricter enforcement by criminal law provisions when 

violating the urban planning policy. This urban planning policy should be enhanced and extended by 

new urbanism rules including an instructional guide and a natural hazard map. To execute the plan is on 

the one hand looked into the local capabilities and capacity of constructors and engineers. On the other 

hand international expertise is sought through a consultation of international architects and engineers. 

The vision of Sint Maarten for housing recovery aligns with the French vision. In a governing program 

the local governmental coalition many themes, initiatives and projects are mentioned that need 

attention in the recovery process. One of the mentioned projects is to develop an urbanization plan for 

Sint Maarten. In this urbanization plan sustainable development goals should be incorporated. Besides, 

monitoring and mapping of damage, removing debris and a strict building code enforcement are focus 

points. The situation of Saint Martin is no exception in the phenomenon of housing recovery that people 

in better socio-economic positions recover quicker and better than people with a lower socio-economic 

status (Romeo-Marlin, 2018). This needs extra attention in distributing funds and labor support. Besides 

reconstruction of housing, the repair of critical infrastructure is top priority for the entire island. The 

cruise terminals and airports are examples of functions that are essential for tourists to arrive. These 

transportation nodes are also necessary to functional for support and resources to arrive (Romeo-Marlin, 

2018). The Workgroup National Recovery Plan (WNRP) (2017) of Sint Maarten stresses the importance 

of restoration and strengthening critical infrastructure to be able to withstand hurricanes with higher 

windspeeds than Irma and Maria. This is a necessity for the short term because the hurricane season 

comes back around every year. Resolving this matter quick guarantees emergency help to be available 

when necessary. Though, for the long term this is also urgent since an island such as Saint Martin almost 

fully depends on goods and services from other countries. The water plant and distribution network 

were severely damaged by Irma. Such an essential requisite for life should be restored in a condition to 

withstand more severe disasters than Irma and Maria, as argued by WNRP (2017).  

When comparing the type of recovery process in Saint-Martin and Sint Maarten obvious differences 

occur. The types of recovery are identified by Chang et al (2010): government driven, donor driven, 

market driven and owner driven. For both parts of the island donors have provided much support and 

resources. However, in Saint-Martin the government has created guidelines that can be flexibly used 

with a lot of self-reliance by the citizens. Therefore, the Saint-Martin recovery would be indicated as an 

owner driven recovery. In Sint Maarten the government has developed relatively concrete guidelines for 

the recovery including a new organization of which the only task is to lead the recovery process. 

Therefore, this would be classified as government driven. However, the owner driven recovery pace in 
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Saint-Martin lacks pace compared to the government driven method of Sint Maarten. Since the pace in 

Saint-Martin is lacking and the quality of the recovery is not significantly better, the governmental 

method is considered favorable in this case.  

PROCEDURE OF PHYSICAL RECOVERY ON SAINT-MARTIN (FR) 

The national government of France has conferred some powers to the local Saint Martin government. 

Among others town planning, urban planning, construction and housing laws and regulations are to be 

determined by the local government of Saint Martin. In 2017 the French part of Saint Martin introduced 

a new procedure concerning land use planning. The new plan is called ‘St. Martin’s Urban Plan’ (PADSM) 

and provides the local government regulations regarding urban planning within the conferred powers 

from the federal government. This new plan must stimulate simplification of procedures. The community 

also has a saying in the plans and are consulted about the newly adopted plans. In the end the president 

has to sign the initiative, but the community has to be consulted. The plans can be easily modified with 

the new procedure and do not have to be revised, except when the territorial project (PLU) is modified. 

This plan is a further specification or modification of the Local Urban Planning Project (PLU). This PLU is 

defined by the Territorial Council and is an operational as well as a strategic document for the collectivity. 

In the aftermath of hurricane Irma, that has damaged 95% of the constructions and infrastructure on the 

French side of the island, the French government has set up recommendations on what to do concerning 

their urban planning policy at Saint Martin (Arroyo, Corbella & Poveda, 2017). Examples of 

recommendations that are not yet incorporated (well enough) in current laws, regulations or procedures 

are (Délégation interministérielle à la reconstruction des îles de Saint-Barthélemy et Saint-Martin, nd):  

“joint planning of common projects with the Dutch side in terms of infrastructure”  

“the issuance of a decree that would strengthen criminal law provisions for those who do not 
comply with rules on urban planning”  

“the launch of an international consultation of architects, engineers etc. to gather ideas in terms 

of urban planning and architectural design”  

The local government has created a procedure to enhance a quick recovery with less bureaucracy as a 

response to the major destructions caused by hurricane Irma. The procedure is visualized in a chart in 

which residents themselves can have a look at what action they should undertake and what the 

possibilities of their housing repair or reconstruction are including the necessary procedures.  The result 

may be that filling in the one-page document of ‘Declaration Prior Irma’ (DPI) is enough. The DPI is a 

declaration of the condition before Irma has struck and what is going to be done on the property 

including the condition after the construction works. The full chart is shown in appendix A and is 

translated from the French original (Collectivité de Saint-Martin, nd). One of the major differences 

between the French and Dutch side of Saint Martin as described in a joint territorial cooperation program 

for 2014-2020 is “the burden of the laws, regulations and the bureaucracy on the French side” 
(Technopolis, 2014).  
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PROCEDURE OF PHYSICAL RECOVERY ON SINT MAARTEN (NL) 

The government body of Sint Maarten that is responsible for policy regarding urban planning is the 

Ministry of Public Housing, Spatial Planning, Environment and Infrastructure and is abbreviated as 

VROMI. This ministry has created a Ministry Plan for 2015-2018 which is based on a vision that results 

from the tasks and responsibilities of this ministry. In the Ministry Plan four strategic objectives are 

identified (Ministry of VROMI, 2015): 

1. Sustainable development through protection of our environment and natural resources 
2. Enhancement of the resilience of the country 

3. Enhance the quality of life for citizens 
4. Improve the performance and organization of the Ministry 

Between the lines of the objectives the need for measures concerning urban recovery and disaster risk 

reduction are obvious. The objectives are being translated into a spatial development strategy. Next, 

zoning plans for the Dutch Sint Maarten are derived from this strategy. This is done for public as well as 

for private land and is in consultation with the local French government on the island. The 

implementation of zoning plans is new for Sint Maarten and is used to have more control on urban 

development in terms of functions, locations, size, shape and building quality. Before, there was a zoning 

law that had the Dutch name Eilandsverordening Ruimtelijke Ontwikkelingsplanning Sint Maarten which 

originates from 1976 and that has been modified multiple times over the years (Overheid.nl, nd). There 

also exists a specific policy regarding hillsides. This is to regulate the construction and to preserve the 

views on green hillsides. Construction on hill sides would also cause erosion and other negative effects 

for the entire island (Ministry of VROMI, nd). The process of establishment of a development plan at Sint 

Maarten is illustrated in figure 15 and starts with a public meeting where people and stakeholders can 

share their thoughts. The light blue boxes are actions by a stakeholder; the dark blue boxes are 

documents that result from meetings and discussions. 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 15: Process to create a Development Plan (Government of Sint Maarten, 2018) 
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2.5.2 ECONOMIC RECOVERY 

The most used indicator of economic performance of a country is the Gross Domestic Product (GDP). 

Before Irma struck Saint Martin the economic performance of Saint Martin was decent with regard to 

the other islands in the Caribbean. The economy in the short term obviously suffers from the aftermath 

of hurricane Irma (and shortly following hurricane Maria). The government immediately has to prioritize 

since the hurricanes cause a reduction in revenues which resulted in a shortfall of budget of the 

government (WNRP, 2017). For the long-term economic recovery remains to be seen which scenario, as 

shown in figure 10 (Chhibber and Laajaj, 2008; Hochrainer, 2009) will be accomplished. Business recovery 

has priority in the recovery works because many other aspects of the recovery depend on the business 

performance, such as employment and tourist revenues. Above all, the principles of BBB are tried to be 

integrated in all recovery processes, in business recovery as well. This is to create a more sustainable 

economic situation at Saint Martin to withstand the next hurricanes better (WNRP, 2017). Commencing 

business recovery as quick as possible is interrelated with many other aspects on the island that must 

be recovered such as infrastructure, airport and accommodation. The business recovery impairs the 

overall urban recovery without proper amenities for tourists to arrive, travel and stay. The WNRP (2017) 

describes the ambition to stimulate and boost cruise tourism to use this as key economic performer to 

economically recover within a year. The cruise tourism would be the most appropriate sector within 

tourism to establish this quick recovery because of the high tourist volumes that is transferred by the 

cruises and the cruise piers were still functional despite some minor damages. Most businesses depend 

on tourism, and thereby the major part of the economy of as well Saint-Martin as Sint Maarten.  

Diversification of the economy is one of the necessary steps to take for Sint Maarten to create a more 

sustainable economic profile for the future according to the Unleashed Potential Group (UPG) (2018). 

UPG is a foundation for Dutch Caribbean social-economic change consisting of professionals from Sint 

Maarten. The government of Sint Maarten has set up an executive brief in which the focal points of the 

recovery are discussed. For the economic recovery two interventions are recommended: tourism and 

critical infrastructure. Conditional financing and increased credit for small and medium sized business 

should stimulate the tourism industry. Business recovery is considered to have high priority because it 

provides employment for Saint Martiners and revenues from tourists. The government of Saint-Martin 

has created a model to stimulate businesses to recover quickly. Businesses that guarantee to retain 

employees (part-time) receive €5,000. Businesses that provide jobs to unemployed people and present 

invoices for restarting the business activities receive €10,000 (Gouvernement Republique Française, 

2018). Besides business recovery also critical infrastructure is to be repaired and strengthened to make 

all transportation and connections sustainable. The recovery and resilience are financed by multiple 

sources. Insurance is a large part and will be discussed separately. The Dutch government has provided 

€550 million. Other sources are the private sector, individual savings, national budget and international 

support (Sint Maarten Government, 2018a). The National Recovery Program Bureau (NRPB) is 

established by the government of Sint Maarten to execute projects that align with the Governing 

Program and associated costs (Sint Maarten Government, 2018b). Both the economic and critical 

infrastructural recovery of Saint-Martin receive extra attention from the neighboring island Saint-

Barthélemy. Saint-Barthélemy is like Saint-Martin a French Overseas Collectivity. Both islands are 

intertwined regarding goods, services and thus the transportation via infrastructure between the islands. 

This puts more pressure on a quick economic recovery of Saint-Martin since the recovery of Saint-

Barthélemey, that is extensively damaged by Irma as well, can only start when Saint-Martin is recovering 

successfully (Gustin, 2017).  
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Currently, cooperation between Saint-Martin and Sint Maarten is lacking. A stronger relationship and 

more cooperation between the two parts of the island will improve the economic position within the 

Caribbean and creates more opportunities for the residents in terms of social development and funding 

for businesses (Sint Maarten Government, 2018b). The French Saint-Martin had no local urbanism plan 

till lately. This so-called ‘PLU’ is necessary to examine what land-use is assigned to what zone. However, 

without a PLU the local government has no means to hold development plans. Due to tax exemptions 

for real estate in Saint-Martin project developers have performed many projects while the government 

was creating the local urbanism plan. This created a bubble at Saint-Martin which is no good economic 

impulse (Hanson, 2015; Délégation interministérielle à la reconstruction des îles de Saint-Barthélemy et 

Saint-Martin, nd). 

INSURANCE 

An important issue in the urban recovery process is how the recovery is funded. Saint-Martin is classified 

within the European Union as an ‘Outermost Region’ through its connection with France.  Because of 

this, Saint-Martin can make use of structural funds from the EU (European Parliament, 2017a). Sint 

Maarten is identified as a ‘Overseas Country and Territory’. Therewith Sint Maarten can prescribe for the 

European Regional Development Fund (ERDF). This fund is used to stimulate areas that struggle with 

their location, demographics or geographic situation (European Parliament, 2017b). However, these 

funds are not specific for the recovery and also not the only sources on funds for Saint-Martin and Sint 

Maarten. Insurance is a major contributor to the pool of reconstruction money. Since Saint-Martin and 

Saint-Barthélemy form a French Overseas Collectivity together, the French Insurance Federation (FIF) 

combines the data of both islands. Together 16,400 claims were submitted after hurricane Irma. The 

claims are worth €830 million (FIF, 2017). The islands together have only approximately 45,000 

inhabitants, which indicates the higher rate of insurance claims per capita (Insee, 2018). The lack of 

functional infrastructure, communication possibilities and capacity caused delays for insurers to examine 

the damages (FIF, 2017). Any delay in this short period after the disaster where damages have to be 

assessed for insurance affect the recovery process in the longer term.  

Remarkably less insurance claims are received at the insurers in Sint Maarten. In total 6,100 insurance 

claims were submitted after Irma which represented €570 million (StMaartenNews, 2018). The insurance 

claims divided by the size of the population of Sint Maarten, approximately 40,500 inhabitants, is 

significantly lower than in the French situation (Department of Statistics Sint Maarten, 2017). Due to the 

very active hurricane season of 2017 and the extensive damage cause by hurricanes Irma and Maria the 

insurance premiums are almost certainly going to increase. The same process occurred after the 

devastating hurricane Luis in 1995 after which insurance premiums rose quickly (Dutch Caribbean Legal 

Portal, 2017). The chairman of the Sint Maarten Insurance Association has predicted the insurance 

premium to rise by 30 to 60% (StMaartenNews, 2018). 
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TOURISM 

Tourism recovery is of crucial importance for entire Saint Martin. In Sint Maarten 80% of the economy is 

based on tourism, which means the entire country suffers from reduced tourism numbers and 

expenditures (WNRP, 2017). The WNRP (2017) also reported a decline of 27% of the cruise passengers, 

which is equal to 1.2 million cruise passengers, due to cruise ships that would have docked in Sint 

Maarten if the damage by Irma was not this extensive.  

For Saint-Martin tourism also accounts for the majority of the economy (Ministère des Outre-Mer, 2016). 

After Irma the tourism recovery puts a certain pressure on the French tourism sector to benefit from the 

opportunity to implement a good tourist product to become competitive with the Sint Maarten tourism 

sector. Because 96% of the tourism arrivals take place in Sint Maarten (Délégation interministérielle à la 

reconstruction des îles de Saint-Barthélemy et Saint-Martin, nd). This is due to the fact that the major 

airport and cruise terminal on the island are located on the Dutch side. Besides, the milder regulations 

in Sint Maarten are attractive for people on the French part to develop tourism opportunities. This is 

made easy by the absence of a border between Saint-Martin and Sint Maarten.  
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2.5.3 SOCIAL RECOVERY 

The Interministerial Delegation for reconstruction of Saint-Martin has stated recommendations for the 

urban recovery. However, nothing is mentioned in these recommendations about social recovery or 

community involvement (Délégation interministérielle à la reconstruction des îles de Saint-Barthélemy 

et Saint-Martin, nd). This is remarkable since literature has shown clear consensus about the importance 

of social recovery and the benefits of community involvement in the recovery (Arnstein, 1969; Blake, 

Marlowe & Johnston, 2017; Chang-Richards et al, 2017; Comerio, 2014; Kammerbauer & Wamsler, 2017; 

Lawther, 2009; Pongponrat & Ishii, 2018; Xu et al, 2016). However, it is mentioned that Saint-Martin faces 

challenges due to its relatively few skilled people, large share of immigrants and quick increase of 

inhabitants. To be exact, less than a quarter of people younger than 24 years old are educated, one third 

of the population of Saint-Martin consists of immigrants. Between 1982 and 2001 the population has 

increased by four times (Délégation interministérielle à la reconstruction des îles de Saint-Barthélemy et 

Saint-Martin, nd). In addition, President of Saint-Martin Daniel Gibbs gave a speech at January 15, 2018 

in which he spoke about the tasks Saint-Martin must recover successfully. In a transcription of this speech 

social recovery is not mentioned at all. Citizen participation is only mentioned in the context of increasing 

security through stronger social ties, not as a method to increase social recovery (Gibbs, 2018). Due to 

this minimal attention for community involvement in the vision of the Saint-Martin government is 

situated in the ‘nonparticipation’ stage of the Arnstein ladder which is shown in figure 11 (Arnstein, 1969; 

Lawther, 2009). This means the community has little to no control about the urban recovery.  

In contrast, WNRP (2017) extensively describes the importance of community recovery including citizen 

participation. In the National Recovery and Resilience Plan of Sint Maarten the community recovery is 

established as an equally important objective as economic and government recovery (Romeo-Marlin, 

2018). This stresses the weight that is put on community recovery. Next, citizen involvement is mentioned 

but not elaborated on how this is going to be achieved expect for the money needed to stimulate 

community participation (Romeo-Marlin, 2018). Though the intention is stressed to stimulate social 

recovery with little concrete attention for community involvement, it is indicated that Sint Maarten is 

situated in the ‘degree of tokenism’ stage around the informing or consultation step on the ladder of 

Arnstein (1969). This means medium community control of project decision-making in urban recovery 

(Lawther, 2009).  
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2.6 CHALLENGES ON SAINT MARTIN 

The implementation of urban recovery on Saint Martin has faced difficulties. In particular in the aftermath 

of Irma still challenges have to be overcome for a successful urban recovery and resilient island in the 

future. Quickly after hurricane Irma damaged Saint Martin, looting became a major problem for the 

entire island. The looting increased indirectly the impact of the damage to citizens and reduced the 

capacity to start damage assessments and repair immediately. Looting takes much attention and effort 

by the local enforcement officers that are needed for emergency help as well. Quarantelli and Frailing 

(2007) have researched the phenomenon of looting after a natural disaster with the case of New Orleans 

after Katrina as an example. Looting results from lacking basic needs. Due to this shortage of resources 

people tend to steal what is needed to survive. This only occurs sometimes after a major disaster and 

not after minor disasters. This is mainly due to a relatively large group of disadvantaged people that 

have an ‘easy’ opportunity to take advantage of the chaotic situation. However, it is important to stress 

that looting is mostly about stealing goods from shops and not robbing people’s houses. Another major 

and hard to tackle reason for looting is corruption and inefficiency in the local police force. Quarantelli 

and Frailing (2007) suggest helping people by providing basic needs and anticipate effectively to reduce 

the causes for looting. A news article by the French Press Agency (AFP) (2017) describes the situations 

of citizens in Saint-Martin after Irma concerning looting. During five days after Irma many shops have 

been looted. The purpose to loot varied between using this chaotic situation for personal advantage and 

gathering basic personal necessities by people that had nothing left. This reduced the speed of the 

distribution of goods. The looting has been tried to tackle by deployment of soldiers and police officers 

that patrol the streets. However, this effort was insufficient due to the high number of looting attempts 

and reported passive attitude of officials (AFP, 2017). The looting also occurred in the Dutch Sint 

Maarten. BBC and The Telegraph report in a news article that the public order had to be restored. The 

Dutch government needed to deploy extra police officers and two hundred soldiers with the tasks to 

provide food and water and to provide security. The deployment of armed forces was necessary to 

withstand the looting by people wearing machetes and guns (BBC, 2017; The Telegraph, 2017). 

The slow pace and bureaucratic process of legislation regarding environmental action has taken its toll 

for France. The weaknesses in the current political climate were reasons for the French minister Hulot to 

resign. Although he was popular and an activist it proves that change in policy is anything but easy and 

straightforward. Former minister Hulot is well-known in France as former TV presenter and green activist. 

Reportedly French President Macron was the first to convince Hulot to join the government after three 

invitations by the last three French presidents (BBC, 2018). Eventually, the urgency of environmental 

challenges had convinced Hulot to admit. However, critics soon declared Hulots’ allocation resulted 

mainly in ‘greenwashing’ for the policy of president Macron, instead of major breakthroughs concerning 

environmental policies (AFP, 2018a; Bock, 2018). Disappointments in the actions that did not match the 

words and little change that has been brought about caused Hulot to resign. The former minister said 

in a radio interview to have felt alone in the government (BBC, 2018; AFP, 2018b). 

Besides the issues in policy on the level of entire France, the local politics also face difficulties. Corruption 

is a major problem in Saint-Martin. The organization Transparency International has analyzed cases of 

corruption in France, including overseas territories, taking into account convictions in 2017 and the GDP 

(as indicator of population size). The results are shown in figure 16. The conclusion must be drawn that 

Saint Martin is by far the territory with biggest corruption issues. Saint-Martin has the score of 95 caused 

by five convictions for corruption (Transparency International, 2017).  
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Figure 16: Level of corruption in French territories and regions (Transparency International, 2017) 

Yamamura (2014) conducted a regression analysis to investigate the relation between natural disasters 

and corruption. One finding is: “Disaster that are more frequent and cause considerable damage increase 

corruption in both developing and developed countries” (Yamamura, 2014). For developed countries, 

such as Saint Martin, disaster frequency is the main factor that increases corruption. Corruption may 

cause resistance in creating or adapting policies to improve urban recovery. This has some negative side-

effects for stakeholders. On the one hand, these stakeholders are willing to use corrupt officials for their 

own interest. On the other hand, corrupt officials prefer personal gains above their job and professional 

responsibility. Information provision is difficult after a disaster and a clear overview from higher officials 

may be lacking. After a disaster often funds or other resources become available than in a normal 

situation. This creates opportunities for officials to make use of the chaotic and less controlled situation.  

Sint Maarten also has great problems with corruption. De Wit (2015) of the organization Transparency 

International has created a report about the corruption in Sint Maarten. In this report Sint Maarten is 

classified to have an ‘unstable political environment’ due to ‘jumping’ candidates from one party to 

another very easily. This unstable environment is also caused by the small scale of Sint Maarten. Family 

ties and professional roles are often intertwined which affects the voting behavior being more 

individualistic rather than ideological. (De Wit, 2015). Multiple articles have been published in media 

about of corruption suspected parliamentarians on Sint Maarten. For example, the Dutch newspaper 

NRC reported on the arrest of the leader of the third largest political party of Sint Maarten (United St. 

Maarten Party [USP]) in suspicion of fraud and corruption (Sondermeijer, 2018). This arrest was followed 

by many other cases of suspicion of corruption. After the establishment of the ‘Chamber of Integrity’ in 

December 2017 caused the newly intended premier to withdraw due to doubtful and unusual 

connections and transactions. This Chamber of Integrity was one of the conditions of the Dutch 

government to provide a fund to Sint Maarten for recovery after Irma. The conditions set by the Dutch 

government initially already caused the premier at that time, Marlin, to resign due to a minority in the 

parliament to accept these conditions (König, 2018). These conditions created pressure on the 

government of Marlin and the relation between Sint Maarten and the Netherlands. In theory these are 

two equal countries in the Kingdom of the Netherlands, but Marlin has expressed his thoughts that the 

Netherlands want to have full control of Sint Maarten. The two major conditions by the Netherlands 

were the Chamber of Integrity for the government as discussed and an enforcement of the border 

control (Haar, 2017; Sommer, 2017). The corruption slows down the recovery process and makes it 

difficult to keep the focus on creating and executing proper disaster risk reduction policy.  
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2.7 CONCLUSION 

Considering the discussed literature about urban recovery and its implementation a conclusion can be 

drawn about the first two research questions. Firstly, the first sub research question will be discussed 

and next the second sub research question.  

The first sub research question is as follows: ‘How is the urban recovery organized after hurricane strikes 
on Saint Martin?’  First of all, both Saint-Martin as Sint Maarten have founded an organization with the 

single task to guide the recovery along the established government policy. For Saint-Martin this is the 

‘Interministerial Delegation for reconstruction of Saint-Barthélemy and Saint-Martin’. However, the 

government itself still has the task to provide an up to date urbanism plan. Citizens are provided with 

standard procedures for repairs or reconstruction of their homes to reduce the bureaucracy and delays. 

The urban recovery of Saint-Martin has characteristics of owner driven recovery (Chang et al, 2010). 

However, Saint-Martin does not actively stimulate citizens to participate in the recovery process, while 

community recovery is an important aspect of urban recovery. It can be considered Saint-Martin is on 

the ‘nonparticipation’ level based on the Arnstein ladder of citizen participation (Arnstein, 1969). The 

government of Sint Maarten has founded the Workgroup National Recovery Plan to develop a recovery 

plan and also guiding the implementation. NGOs have taken a major role in supporting the recovery. 

Though, Sint Maarten shows the characteristics of government driven recovery due to the concrete 

reconstruction objectives and strict guidance. Yet, the citizen participation is somewhat stimulated. On 

the community participation ladder of Arnstein (1969) this would be classified as the ‘degree of 

tokenism’ stage. Both governments have shown to let the urban recovery rely greatly on ad hoc 

decisions. Both governments have stated to want to develop an updated urbanism plan with stricter 

enforcement on the building codes. Adaptation and creation of up to date disaster risk reduction policy 

is hampered in both Saint-Martin as Sint Maarten by corrupt parliamentarians. This is a major problem 

anchored in the current culture. Transformation of this culture is tried to be forced by the Dutch 

government by establishing a Chamber of Integrity and it already resulted in many politicians and 

officials to resign or even to be arrested. It takes a while to rebuild the government in a more corruption-

resistant manner and to shift the focus from eliminating corruption to disaster risk reduction. In the 

French Saint-Martin there is little to no attention to reduce corruption. Opposing corruption is only once 

mentioned is the report of the French government’s inter-ministerial commissioner for the 

reconstruction of Saint-Martin. In this report is stated that in cooperation with Sint Maarten should be 

fought against corruption and migrant flows (Délégation interministérielle à la reconstruction des îles 

de Saint-Barthélemy et Saint-Martin, nd). However, this is an empty statement when no concrete 

recommendations and approaches are elaborated. It is remarkable how little attention a reduction of 

corruption of parliamentarians in Saint-Martin receives in their own reports and strategies. It should be 

one of the top priorities because the interests of society should be put first instead of personal gains. 

The hurricanes have resulted in deaths and the risk this will happen again is large when no steps are 

quickly undertaken by the government.  

All in all, the urban recovery process is in both parts of the island inefficient. The government plays a 

major role in this inefficiency. The government driven recovery method of Sint Maarten seems to be 

superior compared to the owner driven recovery of Saint-Martin. Therefore, Saint-Martin becomes more 

efficient with less bureaucratic regulations from France, while Sint Maarten might need some extra 

support of the Netherlands to revise its own functioning of the recovery process. Thereby, it is odd that 

in both parts many decisions regarding urban recovery are taken ad hoc. Both parts of the island should 
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have much experience by urban recovery after by now. Fortunately, pre-disaster recovery plans are 

getting more attention, but these plans could have saved much efforts and time in recovery.    

The second sub research question is: ‘What regularities can be found in hurricane strikes on Saint 
Martin?’ Basically, no regularities in hurricane strikes of the magnitude of Irma and Maria exist for Saint 

Martin since there have never been hurricanes striking Saint Martin of this strength. Steiner and 

LaRocque (2017) call the hurricane season of 2017 a game changer because it made clear what the level 

of impact of hurricanes in the future is expected to be. People want to reconstruct their house after a 

hurricane as strong as possible and possibly take insurance to have more financial security. This has not 

changed over the years. However, it may become possible for less people to take an insurance due to 

rising insurance premiums after the occurrence of major natural disasters. The insurance premiums are 

expected to rise 30 to 60% as a result of hurricanes Irma and Maria (StMaartenNews, 2018). The rise of 

insurance premiums is a reoccurring phenomenon after major disaster since insurance companies have 

to cover themselves. Though, this significant increase makes it harder for people to apply for the 

insurances (Dutch Caribbean Legal Portal, 2017). Yamamura (2014) showed that for developed countries, 

such as Saint Martin, disaster frequency is the main factor that increases corruption. With more and 

heavier hurricanes in the future the challenge to counteract corruption will increase.  
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3. DISASTER RISK REDUCTION 

The vulnerability of a place is under influence of the preparedness against a disaster. This chapter 

analyses the literature on the theory of disaster risk reduction policy and how this is implemented. First 

the definition of risk is established in section 3.1. Next, the prevailing international disaster risk reduction 

guidelines are discussed in section 3.2. Section 3.3 discusses disaster risk reduction on Saint Martin in 

specific including some practical implications. Section 3.4 goes deeper into challenges of disaster risk 

reduction. The final section (3.5) is the conclusion in which the third sub research question is answered: 

‘What physical disaster risk reduction measures are suitable to implement on Saint Martin?’ 

3.1 DEFINITION 

The United Nations Office for Disaster Risk Reduction (UNISDR) (2009) has defined terminology of 

disaster risk reduction related concepts. Disaster risk reduction is defined as follows: 

“The concept and practice of reducing disaster risks through systematic efforts to analyse and 

manage the causal factors of disasters, including through reduced exposure to hazards, lessened 
vulnerability of people and property, wise management of land and the environment, and 

improved preparedness for adverse events.” (UNISDR, 2009) 

Risk itself is described as follows by UNISDR (2009): 

“The combination of the probability of an event and its negative consequences.” (UNISDR, 2009) 

A more concrete definition of risk is provided by Mannakkara and Wilkinson (2013). In this study risk is 

defined as: 

���� = ����	
	 × 		
����	�������

��������	��	����
 

In this formula, hazard is the only factor that cannot be influenced on short term by human. This is a 

factor that is defined by the force of nature and can be enforced by climate change. The climate change 

causes for example hurricanes to increase in frequency and impact (Dinan, 2017; Ezcurra & Rivera-

Collazo, 2018; Gutowski et al, 2008; Knutson & Tuleya, 2004; Serre & Heinzlef, 2018; Tompkins, 2005; 

UNDP, 2002; Veenema et al, 2017). Vulnerability is about the characteristics and circumstances of the 

area and community. For example, for the Caribbean it is very likely to be struck by a hurricane since this 

is one of areas on earth most prone to hurricanes (Sealy & Strobl, 2017). This makes the Caribbean 

countries much more vulnerable to hazards than other regions. As the formula shows this vulnerability 

can be obviated by a greater capacity to cope. This capacity is among others under influence of the 

prevailing policy regarding disaster risk reduction. Therefore, this is of major importance to take into 

account when creating a more sustainable and disaster resilient country and community.   

Risk comes in different forms. Hazards can result in e.g. loss of life, livelihood and finances. Since, risk 

depends on the external factors as described in the definition of Mannakkara and Wilkinson (2013) risk 

causes uncertainty. Vulnerability in this definition is partly an external influence, but especially the hazard 

component is uncertain. Policy development concerning disaster risk reduction can make use of multiple 

tools. Examples are mental maps (community tool), geographic information science (high-tech tool) and 

catastrophe model (insurance tools). All these tools can provide a platform for clear communication 

since that is essential in effective knowledge sharing (Edwards, Fearnley, Lowe & Wilkinson, 2012). 
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Etinay, Egbu and Murray (2018) mention two types of risk: acceptable risk and residual risk. Acceptable 

risk is to be accommodated in disaster risk management (DRM). Residual risk is dealt with by disaster 

risk reduction (DRR). DRR tries to minimize the impact of a disaster, but it is also needed in the 

emergency phase and recovery process since the impact of a disaster may exceed the capacity of DRM 

measures. Figure 17 shows the relationship between disaster risk reduction and disaster risk 

management. This figure shows that preparedness measures are necessary to incorporate in both 

reduction and management. Preparedness is the common aspect for both DRM and DRR.  

DRM has the goal to reduce damage to people and properties. The first stage in DRM is trying to prevent 

the risk to happen. In case of a hurricane this is difficult to achieve since the path of a hurricane does for 

example depend on the temperature of the water and not on the specific urban context of an island the 

hurricane is approaching. When it is not possible to prevent the disaster to happen, it should be tried to 

transfer the risks of a disaster. If it is long before known where the disaster will happen, such as historical 

hurricane tracks show that hurricanes in the Caribbean go nearly always from east to west. This can be 

taken into account in where to locate buildings and where not. This is an example of transferring the 

disaster risk. When it is not possible to transfer the disaster risk the next phase is to prepare for a disaster. 

This can be done by strengthening roofs in case of a hurricane and tightening or cleaning loose object 

outdoors that can cause damage when lifted by the wind. When all these stages are proceeded the last 

stage is to mitigate the disaster risk. Mitigation tries to alleviate the burden when a disaster is inevitable. 

Examples of mitigation are insurance, public awareness and training in what to do in case of a hurricane 

and lastly hazard mapping to helping for a quick emergency aid.  

 

 

 

 

 

 
 
 

Figure 17: Preparedness for building urban resilience in Sendai Framework (Etinay et al, 2018) 

Disaster risk reduction on the contrary focuses more on how to deal with the inevitable risk that is 

beyond an acceptable level. This means major damage. The common aspect wit DRM is preparedness 

since that is about reducing the possible impact of the disaster when it is not avoidable any more. 

Preparedness in DRR is also about thinking pre-disaster about efficiently recovering and learning from 

the experience. After the disaster risk reconstruction is necessary. The focus therefore is to reconstruct 

stronger building to withstand a similar like disaster in the future better. In the next stage financial 

protection is also important to create a buffer for reconstruction work. This may be in form of insurance 

and savings. The final stage, before the cycle can continue, is risk identification. Learning from past 

experiences and knowing the vulnerable areas or parts is important to be able to go to the next stage 

again: preparing with special attention to vulnerable areas.   
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3.2 SENDAI FRAMEWORK FOR DISASTER RISK REDUCTION 2015–2030 

Several frameworks have been created to help and stimulate the governments of countries all over the 

world to create sustainable and comprehensive policy regarding reducing risks of disaster and to 

improve urban recovery. The most commonly used and referred to document is the Sendai Framework 

for Disaster Risk Reduction 2015-2030. This framework was set up at the third UN World Conference on 

disaster risk reduction. The framework is a non-binding agreement, but it does show the importance of 

different stakeholders.  

Here follows a brief description of the development of the disaster risk reduction plans. In the 1960s the 

United Nations (UN) acted in the aftermath of some severe disasters with specific measures that were 

needed in that particular situation. This approach is considered to be an exploratory process to the needs 

in the aftermath of a natural disaster. From the 1970s pre-disaster planning measures were investigated 

for the first time and a more centralized and efficient system for assistance to natural disasters was 

established in the existence of the United Nations Disaster Relief Office (UNDRO) in 1971. The General 

Assembly of the United Nations launched the International Decade for Natural Disaster Reduction (1990-

1999) in 1989. This decade acted as a catalyst to create official documents regarding DRR. In this decade 

the start is made for early warning systems to reduce fatalities and damage due to natural disasters. In 

1994 the Yokohama Strategy for a Safer World: Guidelines for Natural Disaster Prevention, Preparedness 

and Mitigation has been created and adopted. These guidelines were the first steps to support 

governments to create disaster policy. All these documents and guidelines are part of the International 

Strategy for Disaster Reduction (ISDR). The ISDR is reviewed every ten years and updated with relevant 

novelties and improvements. The Yokohama strategy was followed up by the Hyogo Framework for 

Action 2005-2015 (HFA). HFA focusses on a greater resilience of nations and communities to disasters 

(UNISDR, nd a). From 2015 to 2030 the voluntary and non-binding Sendai Framework for Disaster Risk 

Reduction is in action. This framework stresses that cooperation of many stakeholders together is 

necessary for a successful disaster risk reduction, but the national government has the biggest 

responsibility (UNISDR, nd a). The goal of the Sendai framework is described as follows:  

“Prevent new and reduce existing disaster risk through the implementation of integrated and 

inclusive economic, structural, legal, social, health, cultural, educational, environmental, 
technological, political and institutional measures that prevent and reduce hazard exposure and 

vulnerability to disaster, increase preparedness for response and recovery, and thus strengthen 
resilience.” (UNISDR, nd b) 

This goal is specified for implementation by seven targets and four priorities for action. The targets and 

priorities are described very globally since this framework should be applicable for all countries. Because 

of these lacking concrete recommendations and local focus point the usability of this framework for an 

individual country is to be questioned. One of the targets is for example described as ‘Substantially 

increase the number of countries with national and local disaster risk reduction strategies by 2020’. The 

priorities can be considered as focus points for governments on all levels. The four priorities are listed 

below (UNISDR, nd b). 

Priority 1: Understanding disaster risk 
Priority 2: Strengthening disaster risk governance to manage disaster risk 
Priority 3: Investing in disaster risk reduction for resilience 
Priority 4: Enhancing disaster preparedness for effective response, and to ‘Build Back Better’ in recovery, 

rehabilitation and reconstruction 
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The first priority is focused on the notion of all aspects that are involved in disaster risk. This means it is 

important that there is an awareness and understanding of the complete characteristics of disaster risk. 

The second priority focusses more on the implementation of disaster risk policy and governance. That 

is necessary to align the policy on all levels and all stakeholders including the public and private sector. 

Tozier de la Poterie and Baudoin (2015) have compared the previous frameworks with Sendai and 

concluded that Sendai has a greater focus on allocating roles rather than stimulating bottom-up 

initiatives as the other frameworks focused on. The responsibilities of each actor and policies should be 

clear for all parties. The third priority stresses the importance of public and private parties to invest in 

measures to prevent and reduce disaster risk. This affects the resilience, rehabilitation and recovery on 

all scales from individuals to the entire country and on health, economy, social and cultural aspects. The 

fourth and last priority is possibly the most concrete one for a government to implement in a policy. 

This priority indicates that in the aftermath of a disaster the recovery, rehabilitation and reconstruction 

should be used to take disaster risk reduction measures according the ‘Build Back Better’ principle. 

Next, these priorities are supported by guiding principles that can be used for a direction how to 

implement the priorities for action. These guiding principles are the most specific recommendations of 

the Sendai framework and can be adapted in governmental policy with some necessary specifications. 

Most targets and priorities for action are described mostly for a global level. The guiding principles are 

easier to translate to a local level government. An extra difficulty for the binational island of Saint Martin 

is conformity of both the government at the French side and the Dutch side to make the policy more 

effective and possibly successful.  

There is a constant search for better and more efficient ways to reduce disaster risk in order to improve 

urban recovery. The Sendai framework pays more attention to technological implementations such as 

early warning systems, compared to the previous frameworks (Tozier de la Poterie & Baudoin, 2015). 

Smart solutions that are used in other sectors may as well be a solution for a better disaster risk reduction 

system. One example of a new development is a project done by Red Cross at Saint Martin. The project 

was done by 510 Global, which is a team of the Dutch Red Cross. Shortly before hurricane Irma hit Saint 

Martin the team used several maps, satellite imagery and datasets and combined them (510 Global, 

2017). To get an overview of the current situation just before the hurricane strike the team 

complemented the database with their own observations. Directly after the hurricane strike drone 

imagery was used to gather data about the impact of the hurricane and what the status of the island 

was. Based on their experience calculations were made to analyze what places on the island were most 

likely to be in greatest need for help (Toet, 2018).  

Besides the importance of technology to DRR a community with more equity can also be a start to 

become more resilient to disasters according to Hemachandra, Amaratunga and Haigh (2018). This study 

focusses on the role of women in DRR. The importance in DRR is not only because women are more 

affected by disasters than men. Public decision can only benefit from its opportunities when the entire 

public can participate. Especially for socio-economic development involvement of women is argued to 

be important. Involving women in DRR policy better prepares for the recovery process since “women are 
considered as agents of change within their communities and even in wider spectrum” (Hemachandra 

et al. 2018). Apart from the focus on people and their dwellings it could be expected that such a 

framework should pay more attention to not only more resilient DRR, but to more sustainable and 

durable DRR. Ecological aspects are left completely out of scope while dilapidation of is a major cause 

for natural disaster and a better ecological situation can protect against natural disasters.  The Sendai 

framework would be an ideal method to stimulate countries to implement so-called ‘Eco-DRR’. In ‘Eco-
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DRR’ natural resources are shared and the ecosystem is embedded in the disaster risk management. 

Besides, DasGupta & Shaw (2016) stress the importance of Eco-DRR considering a method that must be 

elaborated on local level to be most successful. Faivre, Sgobbi, Happaerts, Raynal and Schmidt (2017) 

describe Eco-DRR has proven to be beneficial in social, economic, cultural and ecological context. 

However, in practice governments are still not very eager to discover the field of Eco-DRR themselves. 

In cooperation of public authorities, private sector, academic institutions and civil society this can be 

implemented on a broader scale with more support. The fact that risk prevention is economically 

attractive is illustrated by Faivre et al. (2017) stating “for every €1 spent on prevention, €4 or more will 
be saved on response” (Faivre et al, 2017). This should be a clear incentive for government to take 

prevention and thus disaster risk reduction more seriously.  

One of the most difficult components of DRR is the almost impossibility to measure the successfulness 

of DRR policy as researched by Jamieson (2016). All recovery processes are unique regarding their 

location, dimensions, governmental attitude, cultural basis et cetera. A comparative framework could be 

the solution. When being able to measure the successfulness of DRR policy the allocation of aid, 

resources can be better indicated for other recoveries as well as the attitude of national and local 

authorities and humanitarian actors. Even though, Jamieson (2016) states that DRR has long term 

benefits compared of having no DRR policy: “The long-term financial benefits from DRR are estimated 

to be seven to fourteen dollars saved in the relief phase after a disaster for every dollar spend on 
minimizing risk” (Jamieson, 2016). Despite the lack of appropriate methods to measure the effectiveness 

of DRR there is consensus about the importance of DRR. The trend of taking DRR more seriously is 

illustrated in figure 18. Figure 18 shows the Official Development Assistance (ODA) provided by 

Organization for Economic Co-operation and Development (OECD) countries of which France and the 

Netherlands are founding members (OECD, 2018).  

In the field of disaster risk reduction new and existing technologies are developed and implemented. 

State-of-the-art technology of which the potential is being investigated by 510 Global and Tykn.tech is 

the use of blockchain. The Red Cross in some cases provides money instead or besides food to stimulate 

the local economy to be stronger and more independent, it does support the resilience and mitigates 

the pressure on logistics of food (Maliki, 2018). This blockchain technology is researched to implement 

since it makes the cash distribution “both safer and more efficient…In parallel, the use of blockchain has 

the potential to lower overhead costs and accelerate the aid process” (Maliki, 2018).  

 

 

 

 

 

 

 

 

Figure 18: Official Development Assistance (ODA) by OECD countries (Jamieson, 2016) 
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3.3 DISASTER RISK REDUCTION ON SAINT MARTIN 

When taking into account the theory of least and most vulnerable building materials figure 19 gives an 

indication about the performance of Sint Maarten and Saint Martin compared to neighboring islands 

and each other (Dabral & Maddalo, 2012). 

Figure 19: Construction type by percentage (Dabral and Maddalo, 2012) 

In a further comparison between Saint-Martin and Sint Maarten, it turns out that Saint-Martin has a 

stronger building code and especially stricter enforcement. This is in contrast to Sint Maarten where the 

building code is weaker and the enforcement is less strict. Combining this with the given construction 

types in both parts it is clear that the This leaves Sint Maarten more vulnerable to hurricanes than Saint-

Martin (Dabral & Maddalo, 2012). 

The bureaucracy of DRR at especially the French Saint-Martin is addressed by Barroux (2018) in a news 

article in Le Monde that was published September 29, 2018. This is a year after hurricane Irma struck 

Saint Martin. The inhabitants are irritated by the slow progress and recovery process that is considered 

anarchistic in Saint-Martin. Moreover, because the recovery process in Sint Maarten is faster and many 

tourists already have found Sint Maarten again, in contrast to Saint-Martin.  

Dabral and Maddalo (2012) have used a simulation hurricane to show differences between Saint-Martin 

and Sint Maarten regarding vulnerability to hurricane. The wind speeds were up to category 3 level. 

These maps do not represent windspeeds or damage of hurricane Irma. Figure 20 shows the result of 

the wind speed which is influenced by elevation differences, land-use and land cover. Figure 21 shows 

the result of these local wind speeds on the damage which depends on the building materials used in 

the residential buildings. 

When looking for less vulnerable locations to live, it is hard to find much suitable space at the relatively 

small island of Saint Martin. Building on the hill is not allowed by the building code in the Dutch part of 

Saint Martin hillsides in order to regulate construction and keep hills green instead of erosion (Ministry 

of VROMI, nd). On the other side, building uphill and away from the coastline is advised by Mimura 

(1999) to be less affected by rising water level. However, Saint Martin has not an unlimited amount of 

land to live on for all inhabitants and the necessary agriculture, so tradeoffs will have to be made. 
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The Red Cross provides information to people to increase awareness and give useful tips to construct or 

repair a house in a more hurricane resistant way. Figure 22 shows a flyer provided by the Red Cross of 

Sint Maarten with do’s and don’ts. Incorporating these tips can have a major influence on the level of 

damage. There are also many other examples available of construction guidelines with more detailed 

descriptions. Those guidelines are meant for construction workers and engineers as target group since 

it is more detailed and more applicable to newly build constructions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: Flyer for construction awareness and with tips and tricks for citizens (Red Cross, nd) 

 

Figure 20: Wind speed simulation (Dabral & 

Maddalo, 2012) 

 

Figure 21: Damage residential buildings simulation 

(Dabral & Maddalo, 2012) 
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Disaster risk reduction policies must be translated in concrete measures. This concerns multiple different 

aspects, such as the location where houses stand or how buildings are constructed. When looking at 

spatial measures concerning disaster risk reduction, it may be necessary to relocate buildings to safer 

locations. Figure 23 shows how this risk sensitive policy can be applied in land-use plans for new 

developments or relocation (Asian Development Bank, 2016). In coastal areas no new developments 

should be allowed and existing buildings are to be retrofitted to withstand floods and hurricanes. Next, 

steep slopes are to be kept free for trees and greenery in order to strengthen the soil to prevent 

landslides to occur. On the basis of steep slopes new developments can be possible under condition of 

strengthened standards. On the tops of hills development can be allowed if there is enough space and 

a physical-spatial situation that allows construction. Here high-density zoning can be allowed to make 

good use of valuable and scarce space.  

 

 

 

 

 

 

 

 

Figure 23: Risk-sensitive policies proposed in a land use plan (Asian Development Bank, 2016) 

Tompkins (2005) discusses how to cope better with hurricanes in the future. This study was specific about 

the Cayman Islands after hurricane Gilbert, but the measures can be applied to all islands. The first 

measure is an enhanced building code. The second measure focusses on new development and planning 

regulations. The enhanced building code requires a higher construction standard to make the dwellings 

sturdier, while the new development plan and planning regulations increase the minimum distance of 

buildings from the high-water mark to make sure properties will not be flooded easily. The importance 

of a thorough and enforced building code is proven by Chmutina and Bosher (2015) using a case study 

of Barbados. On Barbados a building code was created but not enforced since there was no legal power 

attached to the code. Besides, the people did not want to have extra regulations being afraid of more 

unnecessary bureaucracy. However, the result was that there were not enough incentives to build safe. 

Besides there was more attention to recovering activities after a disaster rather than prevention and risk 

reduction measures. Aligning this view on building codes and the enforcement Briceño (2015) has 

concluded two important aspects. The first being DRR as an integral part of all land-use planning. The 

second is raising awareness and a better understanding. This does not require much investment or effort, 

but it is a very effective disaster risk reduction measure to reduce the number of deaths, wounded and 

extent of damage due to natural disasters.  
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Technology does also have many applications in disaster risk reduction measures as described by Pal 

and Bhatia (2018). In an effective cooperation of applications these can be helpful and effective for 

especially policymakers. The technological applications mentioned by Pal and Bhatia (2018) are: 

- Computer databases 

- Modeling tools 
- Remote sensing monitoring system 

- Hazard warning and communication systems 
- Geographic information systems 

- Water management techniques 
- Resilient resign 
- Risk analysis 

- Social survey tools 
- Digital device-based social survey 

- Simulations 

Some aspects are already used. With an effective combination of necessary measures, adaptations or 

improvements can be easier applied and experiences can be shared easier. All in all, DRR becomes much 

more effective and more thorough, thus qualitatively better, when using technology as a support.  
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3.4 CHALLENGES IN DISASTER RISK REDUCTION POLICY 

Unfortunately, it is not as straightforward as it seems to implement DRR in policy. Many challenges are 

faced in practice. Amaratunga et al. (2018) and Nguyen, Ginige and Greenwood (2018) have identified 

challenges faced in integrating DRR. In table 4 these challenges are listed. There are some similarities in 

the lists but only the lack of human constraints and lack of knowledge and awareness do fully 

correspond.  

Table 4: Challenges in integrating DRR (Amaratunga et al, 2018; Nguyen et al, 2018) 
Amaratunga et al. (2018) Nguyen et al. (2018) 
Human resource constraints Lack of qualified human resources 
Lack of knowledge and awareness Inadequately understanding among the general public 
Different priorities Lack of capacity and coordination at the national level 
Lack of mandates for DRR Gaps in legal frameworks 
Unclear roles and responsibilities Lack of guidance for implementation 
Lack of political will Complex institutional arrangements 
Financial constraints Incompatibility of building codes and lack of enforcement 

The power of local authorities to implement and enforce measures for disaster risk reduction like 

building codes is often questionable. Figure 24 shows a graph of the level of authority of local 

governments and capacities for DRR for several actions regarding enhancing DRR. This graph is the 

result of a study in which 151 cities and other local governments have participated. The graph gives a 

clear indication on the discrepancy between the full responsibility that local governments often have 

regarding DRR and their power and authority to do so. For example, only 51% of the local governments 

responded to have full authority to develop a Disaster Management Plan (DMP) and another 39% 

responded to have partial authority for a DMP. This means that 10% of the local governments does have 

the responsibility, but not the authority to develop a DMP (UNISDR, 2017a). The report concludes with 

the following statement about the importance of authority of local government regarding DRR: 

“As the different tiers of government recognize the significance of disaster risk governance and 

the need to allocate authorities and responsibilities for undertaking local level DRR action, 
capacity development necessarily follows as local empowerment promotes DRR action. This is 
essential in the implementation of the Sendai Framework for Disaster Risk Reduction” (UNISDR, 

2017a).  

Even though it is politically difficult to implement disaster risk reduction measures, also physically it is 

difficult. Adapting existing houses requires much effort and resources. People also will have to pay the 

adjustments and therefore need more awareness. To create this awareness of necessity to strengthen 

houses pre-disaster and how that can be done is priority in creating support in society to invest in their 

house. Moreover, one of the first priorities in recovery is to start reconstructing houses. By comparison 

of housing reconstruction process case studies Wu and Lindell (2004) conclude that the speed of housing 

reconstruction is higher when a recovery plan is created before the disaster happens. This is mainly due 

to the time-saving compared to when conflicts occur when different stakeholders do not clearly know 

their tasks and responsibilities. Issues in the recovery plan will be encountered in the process while 

creating it in case of a pre-disaster recovery plan. This clearly indicates the benefits of pre-disaster 

recovery planning and disaster risk reduction measures and the problems that occur when it is not yet 

or inappropriately established.  
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Figure 24: Local governments’ level of authorities and capacities for DRR (UNISDR, 2017a) 

Finally, Vorhies (2012) described challenges for policymakers to implement disaster risk reduction 

measures. One of the challenges is the short political time horizons. Politicians are often only on their 

job till the next elections. That means politicians are often, especially when elections are approaching, 

focused on short term goals to please voters. Since disaster risk reduction is about long-term planning 

this is not a favorable subject to flaunt with. It may also be that the resources needed for DRR will 

consequently go against the interest of the voters’ base of a chosen politician. That means unpopular 

decisions might be necessary to establish DRR in policy. This may for example be the case for financial 

resources that are allocated to DRR or development opportunities. DRR, as said before, focusses on the 

long term and might not directly visible be for the public. While DRR is considered a public good it is 

not popular to invest much tax payers’ money in projects that are not visible for the citizens. However, 

after a disaster it will soon enough become clear how the measures have reduced the impact, but often 

short-term thinking governs. Politicians often are under much pressure of businesses and activist groups. 

That may lead to conflicting interests between those stakeholders and DRR needs. The main 

recommendation given by Vorhies (2012) to deal with these challenges is to list the economic benefits 

of DRR to establish more transparent decision making and better communication with the public. Listing 

key stakeholders as well can clarify the interests early in the process. Although this study is focused on 

the economic implications of DRR the social and physical benefits of DRR are also valuable to list. It 

should be noted that transparent decision making is not only about listing economic benefits, but as 

well about explaining to the public why it is socially beneficial to implement DRR and will result in less 

costs for their houses in case of a future disaster.  
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3.5 CONCLUSION 

This chapter described literature and the situation of Saint Martin with respect to disaster risk reduction. 

This is in order to answer the sub research question: ‘What physical disaster risk reduction measures are 
suitable to implement on Saint Martin?’ 

Considering all literature, it is clear that there is much knowledge about locations to build safely, how to 

build safe buildings, what materials to use and how to organize a resilient community. However, it is 

striking how little of this theoretical knowledge is applied in practice. Saint Martin is lacking behind 

surrounding islands in the Caribbean concerning implementing disaster risk reduction measures, 

especially to buildings. The currently used construction materials are not sufficient to withstand major 

hurricanes. In the current reconstruction phase after Irma, the repairs or reconstructions should be done 

with less vulnerable construction materials such as reinforced concrete or steel. Also, there is a variety 

of roof typologies to be found on Saint Martin. There is enough knowledge available to know best 

construction methods. Especially in Sint Maarten the government should start adapting a stronger 

building code and introduce much stricter enforcement.  

Training and education can be improved concerning social aspects of disaster risk reduction. This is 

important in order to raise awareness about the role of people themselves. This means people are still 

not sufficiently aware of measures that are relatively easy to implement by themselves without much 

resources. This also accounts for people choosing a safe place to live in a hurricane resistant house with 

strong building materials. In practice people should become better aware of consequences of their roof 

type. Although one type may be considered nicer, awareness raising could result people choosing safe 

instead of only nice houses.  

Economically Saint Martin is almost solely depending on tourism. After a major hurricane tourism falls 

back significantly and so does the economy on country level as well as for individuals that may lose jobs. 

Since lacking tourism is the result of major damage diversification of economic activities is advisable. 

Examples are sustainable developments and technology-based enterprises. Those technological 

companies thrive on ICT and the digital infrastructure which means the entire world can be a customer 

as long as the digital infrastructure is intact. Besides, there should be more attention to ecological 

disaster risk reduction methods. The ecology should be better protected to local urban developments 

and it can provide protection in case of a hurricane as well. Trees and ground-cover can reduce the 

impact of wind and should be considered in land-use planning in addition to only regulation of building 

functions or sizes. Since most measures are reasonable and relatively easy to implement, it is remarkable 

how little is actually done by especially the government on Saint Martin. The literature about disaster 

risk reduction is unambiguous, clear and provides concrete measures.   
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4. RESEARCH APPROACH 

In the previous chapters the concepts of urban recovery and disaster risk reduction are explained and 

elaborated. With the study into these concepts and their application to Saint Martin in specific the first 

four sub research questions have been answered. To answer the final two sub research questions and 

the main research question further research is needed. This further research is explained in this chapter. 

First the used research methods are elaborated in section 4.1. Section 4.2 discusses the data collection. 

This chapter finishes with the conclusion in section 4.3. 

4.1 RESEARCH METHODS 

Three research methods are chosen to perform this research. These methods are semi-structured 

interviews, Best-Worst Scaling (BWS) analysis and a damage analysis. In this section is discussed how the 

methods should be used and why it is the most appropriate to use in this context including pros and 

cons. 

4.1.1 SEMI-STRUCTURED INTERVIEW 

A semi-structured interview is a qualitative research method. It is a combination of structured and 

unstructured interviews. Structured interviews consist of closed questions in a questionnaire. This gives 

no chance for the interviewee to explain an answer in detail or provide nuance. On the contrary, 

unstructured interviews can be considered more as a conversation. No predetermined structure or 

questions for the interview are used. The interviews consist of some predetermined questions. During 

the interview other questions may arise and are asked in between (Hooper, 2015; Whiting, 2008). 

Barriball and While (1994) describe the semi-structure interview method “well suited for the exploration 
of the perceptions and opinions of respondents regarding complex and sometimes sensitive issues and 

enable probing for more information and clarification of answers” (Barriball & While, 1994). Besides, the 

semi-structure layout is ideal to use when a varied sample group, regarding professions, roles and 

personal backgrounds, are combined in one research rather than a structured interview (Barriball & 

While, 1994). The semi-structured interviews are used for experts to share their opinion and 

recommendations on the urban recovery and especially the disaster risk reduction policy on Saint Martin. 

In section 4.2 will be discussed what experts are approached for this interview. The next section discusses 

the pros and cons of the three interview methods as mentioned before: unstructured, structured and 

semi-structured.  

PROS AND CONS 

The qualitative research methods structured, unstructured and semi-structured interviews all have 

strengths and weaknesses in their process and results. Wilson (2014) has listed the strengths and 

weakness for each of the alternatives. Table 5 first shows the strengths of the method and next the 

weaknesses. These strengths and weaknesses lead to pros and cons for this research to use one of the 

methods.  
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Table 5: Strengths and weaknesses of (un/semi)structured interviews (Wilson, 2014) 

 

In addition of the weaknesses mentioned by Wilson (2014) the ‘interviewer effect’ cannot only appear at 
semi-structured interview, but also in an unstructured interview. The answers of all interviewees are best 
to compare when the same questions and interview structure is used for all interviews. However, the 
expert view of the interviewees is why experts are the target group as interviewees. The experts might 
have interesting opinions and recommendations to discuss. These are hard to capture in a question 
before the start of the interview or that questions might not be applicable to all interviewees due to 
other fields of expertise. Since experts from different perspectives share their thoughts and opinions 
there should be room for other than only predetermined questions. Therefore, the semi-structured 
interview method is most appropriate to use in this research. The questions that are prepared before the 
start of the interview are presented appendix B. The sub research questions that are answered through 
the interview are as follows:  

- ‘What are considered to be the most important aspects from UN guidelines to implement in 
Saint Martin according to involved professionals?’  

- What technological innovations could be implemented in the next UN disaster risk reduction 
framework and how do these innovations affect disaster risk reduction policy?’ 
 
 
 
 

Unstructured interview Semi-structured interview Structured interview 

Strengths 

Direct experience with users May uncover previously 
unknown issues 

Easy for untrained interviewer 

More flexibility in questions and 
probe for details 

Address complex topics through 
probes and clarification 

Responses are more reasonably 
comparable 

Can reveal issues not considered 
before by interviewer 

Ensure that particular points are 
covered with each participant 
and allowing to raise additional 
concerns and issues 

Data analysis is relatively easy 
due to structured responses 

More relaxed atmosphere due 
to less strict path of questions 

Requires less training time than 
unstructured interviews 

 

Ideal to gather information of 
key stakeholders (in addition to 
users) 

Provide some flexibility for 
interviewers and also allow some 
broad comparisons across 
interviews 

Weaknesses   
Takes time to become skilled at 
unstructured interviewer 

Interviewers can give cues that 
might guide the participants 
into a particular answer 

Difficult to ask precisely the right 
questions without earlier studies 

Conditions for every interview 
differ more without structure 

There can be an ‘interviewer 
effect’ that influences how much 
information people are willing to 
reveal 

Consistency of interviewer is 
required but difficult to establish 

Generate large amount of 
qualitative data: time-
consuming to analyze 

Some training and experience is 
required to not ask suggestive 
questions 

Standardization makes it hard to 
connect well with interviewee 

Data are rich but not replicable Mixture of quantitative and 
qualitative data can be time-
consuming to analyze 

Interviewees have a more 
passive role 
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4.1.2 BEST-WORST SCALING 

Best-Worst Scaling is a type of discrete choice experiment method and also known as MaxDiff-method. 

The method is developed by Louvriere in 1987. Best-Worst Scaling is introduced to shorten the process 

in discrete choice experiments (Marley & Flynn, 2015). In Best-Worst Scaling a list of items is presented 

to the respondent. The respondent needs to assess which item is best and which one is the worst. An 

example of a filled in BWS is shown in table 6. A real questionnaire would consist of multiple tasks in 

which each time five items are compared. Five items to assess is still a reasonable amount to make a 

convenient choice. With less items per table the respondent would have to fill in much more choices to 

have good results. In this fictional example respondents are asked to tick two boxes. One on most 

important side and one on the least important side. The task is to indicate what item the respondent 

thinks is most important and least important when recovering from a natural disaster.  

Table 6: Example of BWS questionnaire table 
Most important Items Least important 

 Share experiences DRR  

 Adaptive DRR strategy  

XXXX Training and education in DRR  

 Protection of cultural assets XXXX 

    Protection of environmental assets  

Instead of asking many direct comparisons between two items now the following conclusions can be 

drawn only by this choice by this respondent regarding importance: 

Training and education in DRR   > Share experiences DRR 

Training and education in DRR   > Adaptive DRR strategy 
Training and education in DRR   > Protection of cultural assets 

Training and education in DRR   > Protection of environmental assets 
Share experiences DRR    > Protection of cultural assets 

Adaptive DRR strategy    > Protection of cultural assets 
Protection of environmental assets > Protection of cultural assets 

There are three possibilities to analyze the results. The first option is to combine the answers of all 

respondents to have the most important or appealing item for the entire sample. When analyzing the 

total sample, the number of times an item is chosen is counted minus the times that this particular item 

is chosen as least important. The difference of these two counts is divided by the number of respondents 

that have filled in this table or times that the item has appeared as an option when creating small tables 

instead of questioning many items at once (UTS, 2014). The equation for this method is as follows: 

(�����		��	�����	�ℎ����	��	�� !	– 	�����		��	�����	�ℎ����	��	#$� !)

�����		��	�����	��	����	�����	�
 

The result is a standardized score since it is a value between -1 and 1 due to the divisor of the equation 

consists of the number of times an item has appeared for all respondents (Goodman, Lockshin & Cohen, 

2005). So, the entire formula uses the data of overall occurrences and number of times chosen as best 

or worst for all respondents. A possible result could look as is shown in figure 25 when combining the 

result of multiple answers by respondents.  
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The second analysis is to indicate separately in a table what the percentages are of an item being chosen 

best or worst. Figure 26 shows an example of this analysis method. This analysis shows how this score is 

built up, because the percentage of being chosen as best (green) and as worst (red) are displayed 

separately. This table is created by calculating the times being chosen as most important, number of 

times chosen as least important and number of times not chosen at all. This second method to analyze 

the results of BWS can result in remarkable findings, meaning that this method nuances more than the 

first and possibly shows contrasting results for some items. A remarkable finding might be for example 

that one item is chosen relatively many times as best and as worst option. This is the case with the item 

‘empowerment of local authorities’. That results in a negative result, but it is good to filter these cases 

since it might indicate controversy about that item.  

Besides an analysis of the total sample there is a third analysis method. This method can be used to 

assess the scores on individual (respondents) level and for sub groups (UTS, 2014). In this case it can for 

example be useful to compare result from consultants and government officials or people involved with 

the policy of Saint-Martin and Sint Maarten. This basically is performed the same way as the first method, 

but then assessed per respondent or group of respondents. Another way to analyze the results of BWS 

is discrete choice modeling. Due to the many items multinomial choice models are appropriate to assess 

the preferences of sub groups.   

 

 

 

 

 

 

 

Figure 25: Example BWS standardized results 

 

 

 

 

 

 

 

 

 
Figure 26: Example BWS percentage results 
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PROS AND CONS 

The Best-Worst Scaling (BWS) is a relative new method that has not yet been widely used. However, this 

method is gaining attention in literature. The choice for BWS as a method, to assess what the most 

important items are to implement in disaster risk reduction in Saint Martin according to experts, is based 

on an evaluation of the research objective of this master thesis and the available research methods.   

Two advantages of using BWS are mentioned by Flynn (2011). The first advantage is that it is an easy 

and straightforward task for respondents to choose the best and worst from a given set of alternatives. 

Besides, BWS uses items that all have the same level of measurement which makes it possible to draw 

more useful conclusions for this research. The results of BWS are on a ratio scale. Ratio scale 

measurement means for example that the results can be analyzed as a certain item being a certain 

percentage more important than another one. This way relative quantification is more straightforward 

for policymakers to interpret. For example, ‘adaptive DRR strategy’ has resulted in a score of 0.72 and 

‘equality and inclusiveness’ has received an overall score of 0.12. In formula format it is as follows: (0.72 

– 0.12) / 0.12 = 5. The value 5 means that ‘adaptive DRR strategy’ is five times more important than 

‘equality and inclusiveness’ to pay attention to in disaster risk reduction policy in this fictive example. 

Such a result is easy and straightforward to interpret and that is the reason why it is appropriate to use 

it in this research to make it accessible for policymakers to use. 

In case of a BWS a potential cultural or personal bias is removed since all people indicate the best and 

worst item instead of giving a value to every individual item. Krucien (2015) describe as downside of 

BWS that it is impossible to add new items to a BWS after having conducted some by respondents. There 

is no option to show when two items are believed to be equally important as well. An option was to use 

Analytical Hierarchy Process (AHP) as a method for this research. AHP is a pair-wise comparison method 

in which two items are assessed by a respondent on a 9-point scale. This scale is fixed and is used to 

indicate the relative importance of one item over the other. A strength of AHP is the possibility to 

incorporate items that have different units or are hard to quantify. However, BWS does not have this 

problem either. Another strength of AHP is the relative importance per item that is identified by the 

respondents. However, in this master thesis the absolute best items to prioritize in DRR in Saint Martin 

are needed to be extracted. The relative importance among the items is of less importance, which is a 

strength of AHP, and identifying the absolute most important items is of greater importance, which is a 

strength of BWS. It is more convenient for the respondents to fill in only two boxes in a BWS compared 

to many comparisons in the AHP method. Filling in too many tables could cause biased results.  

The aim of this part of the research to classify what the most important items are according to experts 

to incorporate in disaster risk reduction policy in Saint Martin. This can best be achieved by the BWS 

method. The advantage of BWS of creating a clear discrimination between most and least important 

factors is crucial in this consideration. The disadvantage here is that possibly all attributes are found to 

be unimportant. However, this is tried to be avoided by extracting the items from literature and the BWS 

can be anchored as is described by Krucien (2015). After the tasks of choosing the most and least 

important item three new boxes are introduced with the questions below. The overall importance of the 

items is determined by introducing an anchor with the following options:  

- None of the attributes above are important 
- Some are important, some are not 

- All attributes above are important 
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ITEMS 

The items to be assessed are extracted from literature (Etinay et al, 2018; Mannakkara & Wilkinson, 2014; 

Munene, Swartling, Thomalla, 2018; Wilkinson et al, 2018; Woolf, Twigg, Parikh, Karaoglou & Cheaib, 

2016). The items mentioned in the articles are listed in table 7. Guiding principles mentioned in the 

Sendai Framework for Disaster Risk Reduction 2015 – 2030 are shown in the table as well. The last column 

shows what items are used for the BWS. The items are extracted from literature and the Sendai 

framework. Some items from literature are related to short-term recovery or even the emergency phases. 

These items are left out of the BWS. Since ecology is becoming more and more important to consider 

in urban planning this is added as final item, despite not being explicitly mentioned in the literature.   

Table 7: Items for disaster risk reduction in literature and for BWS 
Mannakkara & 

Wilkinson 

(2014) 

Wilkinson et al. 

(2018) 
Woolf et al. 

(2016) 
Etinay et al. 

(2018) 
Munene et al. 

(2018) 
Sendai 

framework 2015 

- 2030 

Items used in BWS 

Community-
driven recovery / 
community 
consultation 

Community-
based 
organizations 
empowerment 

Community-
based resilience 

 Community-based 
initiatives 

Community 
mobilization 

(1)Community 
involvement 

Fairness and 
equity 

Inclusiveness / 
marginalization 
households or 
groups 

Enhance 
vulnerable 
communities’ 
resilience & 
equality 

Equality Justice and 
equality 

Inclusive and 
non-
discriminatory 

(2)Equality and 
inclusiveness 

Pre-prepared 
recovery plans 

Pre-disaster 
recovery 
planning 

 Preparedness 
and response 

Preparedness for 
response 

Preparedness for 
response and 
recovery 

(3)Pre-disaster 
recovery planning 

Empowerment of 
local government 

Strengthening 
local institutions 

 Strong local 
government 

Empowerment of 
local government 

Empowerment of 
local authorities 

(4)Empowerment of 
local authorities 

Coordination of 
recovery activities 

Coordination of 
recovery activities  

Coordination of 
recovery activities 

Coordination of 
recovery 
activities 

Interorganizational 
coordination of 
efforts and 
resources 

Interorganization
al coordination of 
plans and 
activities 

x 

Support for 
economic 
recovery and 
entrepreneurship 

 Economic 
opportunities and 
financial support 

Revive 
economic 
activities 

 Financial 
incentives and 
support for 
businesses 

(5)Support for 
economic recovery 
and 
entrepreneurship 

Risk reduction 
through 
preparedness 
and early warning 

 Development 
policy for 
uncertain future 

Risk 
identification 
and early 
warning system 

Development of 
DRR and early 
warning systems 

Strengthen and 
increase access to 
multi-hazard early 
warning systems 

(6)Risk reduction 
through 
preparedness and 
early warning 

Risk reduction 
through updating 
building codes 
and construction 
methods 

Enforcement of 
building codes 

   Revision of 
building codes 
and construction 
designs 

(7)Revision of 
building codes and 
construction 
designs including 
enforcement 

Risk reduction 
through land 
zoning and 
regulations 

  Risk aware 
spatial planning 
policies 

 DRR as part of 
land-use policy 

(8)DRR as part of 
land-use policy 

Needs-based 
resources 
allocation 

Adaptable 
resource 
allocation 

Mobile resource 
allocation  

 Effective 
mobilization of 
resources 

Needs-based 
resource 
allocation 

x 

Locally 
appropriate 
solutions 

Local culture 
appropriate 
solutions 

Local appropriate 
solutions 

 Local appropriate 
solutions 

Local appropriate 
solutions 

 

(9)Local 
appropriate 
solutions 

Transparency in 
decision making 

Transparent, 
accountable and 
participatory 
process 

 Transparency Transparent 
organizations  

Transparent 
organizational 
structure 

(10)Transparent 
decision-making 
structure 
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Training and 
education for 
community 

  Knowledge and 
education 

Education in DRR Training and 
education in 
disaster risk 
knowledge 

(11)Training and 
education in DRR 

Community well-
being 

  Functioning of a 
community 

Community well-
being and health 

 (12)Community 
well-being and 
health 

Restoration of 
culture and 
heritage 

    Protection of 
cultural assets 

(13)Protection of 
cultural assets 

 Care for fragile 
coastal 
ecosystems / 
conservation of 
local flora and 
fauna 

Protection of 
surrounding 
environment 

Environmental 
protection  

Environmental 
integrity 

Protection of 
environmental 
assets 

(14)Protection of 
environmental assets 

 Learn from 
history 

Build on past 
experience 

 Learning form past 
experiences & 
sharing 
experiences 

Share experiences 
on DRR 

(15)Share 
experiences on DRR 

 Alignment with 
humanitarian 
actors 

Alignment with 
humanitarian 
actors 

Organization of 
humanitarian 
actions 

Collaboration with 
humanitarian work 

Alignment with 
humanitarian 
actors and donor 
agencies  

x 

  Enhancing 
infrastructure 

Enhancing 
critical 
infrastructure 

 Strengthening 
critical 
infrastructure 

(16)Strengthening 
critical 
infrastructure 

  Adaptive or 
transformative 
strategies 

Adaptive 
strategies 

Transformative 
DRR strategy 

 (17)Adaptive DRR 
strategy 

  Innovate  Innovation  Enhance access to 
and support for 
innovation 

(18)Implementation 
and support for 
innovation 

      (19)Implementation 
of ecology 
protecting 
measures 

BALANCED INCOMPLETE BLOCK DESIGNS 

To assess the 19 items in the BWS, subsets of items are created. This is more convenient than choosing 

the best item from the entire list of 19 items. Ideally all items occur the same number of times in the 

subset and also in combination with all others at least once. This way it is possible to directly compare 

the items. The method to construct tables in which combinations of items occur a certain number of 

times is called Balanced Incomplete Block Designs (BIBD). It is a method of distributing the items evenly 

and randomized across the tables to be questioned by the respondents. However, a BIBD cannot be 

constructed for all number of items and block sizes. It has to meet the following rules (The Pennsylvania 

State University, 2018): 

λ = r	
� − 1

� − 1
 

 
�	*	� = 		*	� 

In which: 
t =  number of items 
k =  block size (=number of items per table) 
b =  number of blocks 
r =  number of replicates for each item, in the entire design 
λ =  number of times a combination of items occurs together in a block 
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As can be checked in the catalogue of Cochran and Cox (1950), solutions for 19 items are not economic. 

With more questions the interviewees would have to fill in too many questions to stay focused. 

Therefore, it is chosen to use R-software to generate a suitable BIBD plan. In the ‘crossdes’ package of 

R the function find.BIB(item, task, size) is used to do multiple calculations. The consideration is made 

that 15 tasks are the maximum to ask before it becomes too repetitive (Orme, 2018). The number of 

items (19) is defined by the number of attributes extracted from literature. The number of items per task 

is chosen to be 5. Less items per task would result in more task needed to create the same number of 

comparisons between items. More items than five per task lead to confusion for the interviewee (Erdem, 

Rigby & Wossink, 2012; Orme, 2018).  

This leads to the following input in R: find.BIB(19, 15, 5). Multiple repetitions are performed till it was 

clear which is the most convenient option. Table 8 shows the output of R. Repetitions with a slight 

variance of the input (19, 16, 5 and 19, 15, 6) did not result in a more efficient design. The variances 

resulted in slightly more item combinations, but particularly in more overlapping combinations. The 

numbers in the table correspond with the items in table 7.  

Table 8: Output of R for BWS design  Table 9: Output of R for BWS after randomization 

 

 

 

 

 

 

 

 

 

The next step is to randomize the order of items per task. This is to remove the bias of choosing the first 

items (Choi & Pak, 2005). Randomization is also performed with R-software using the ‘sample’ function. 

For example, row 1 input is as follows: sample (c(2,6,9,14,17)). Running this script gives: [1] 14  6  2  9 17. 

The result of randomization is shown in table 9. Table 9 is the final input for the BWS tasks. All items are 

assessed 4 times except for item 19, which occurs 3 times. Although the block design is not balanced, 

this is the most appropriate design with nineteen items. A balanced incomplete block design is only 

possible with more items per subset or more tasks but that is not wishful (Erdem et al, 2012; Orme, 2018). 

The items are filled in a Google questionnaire format to make it operational and digital. 

  

 [1] [2] [3] [4] [5] 
[1] 14 6 2 9 17 
[2] 6 1 10 13 3 
[3] 15 2 18 16 1 
[4] 4 8 17 1 7 
[5] 10 18 7 14 4 
[6] 15 17 19 11 10 
[7] 12 5 13 18 17 
[8] 9 11 4 13 16 
[9] 5 4 19 2 3 
[10] 13 8 2 14 15 
[11] 10 16 5 9 8 
[12] 12 19 6 7 16 
[13] 11 1 14 5 12 
[14] 9 3 12 7 15 
[15] 6 18 3 11 8 

 [1] [2] [3] [4] [5] 
[1] 2 6 9 14 17 
[2] 1 3 6 10 13 
[3] 1 2 15 16 18 
[4] 1 4 7 8 17 
[5] 4 7 10 14 18 
[6] 10 11 15 17 19 
[7] 5 12 13 17 18 
[8] 4 9 11 13 16 
[9] 2 3 4 5 19 
[10] 2 8 13 14 15 
[11] 5 8 9 10 16 
[12] 6 7 12 16 19 
[13] 1 5 11 12 14 
[14] 3 7 9 12 15 
[15] 3 6 8 11 18 
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4.1.3 DAMAGE ANALYSIS 

A damage analysis is performed using the features of a Geographic Information System (GIS). GIS can 

be considered as a digital environment that contains a digital representation of the world in different 

layers. GIS can be used to process, analyze and display information (Nikonorov et al, 2016). For this 

report the QGIS software package is used. The visual output, in form of a map, can consist of a variety 

of sources depending what information is available for that particular area and what the goal of the 

analysis is. The neighborhoods Dutch Quarter and Middle Region are chosen for research in detail 

concerning roof types and roof material. Both neighborhoods are located in Sint Maarten (Government 

of Sint Maarten, 2019). The district is indicated in red in figure 27.  

 

 

 

 

 

 

 

 

 

Figure 27: Location of Dutch Quarter and Middle Region (Government of Sint Maarten, 2019) 

The damage analysis considers roof type and roof material as variables. These two variables influence 

the resistance of the roof to high wind speeds. Several roof types can be distinguished. The most 

common shapes are flat and sloping roofs. Most common roof materials on Saint Martin that are 

considered in the damage analysis are concrete, metal and roof tiles.   
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4.2 DATA COLLECTION 

The data collection has taken place in November 2018. The semi-structured interviews have been 

conducted face-to-face if possible and otherwise using Skype. The BWS questionnaire is mailed after 

the interview. In the interview is made clear that the BWS is part of this research and that it will be 

provided or sent soon after the interview. The backgrounds of experts vary in terms of expertise, 

experience and interests  

The interviewees do represent the most important stakeholders in urban recovery and disaster risk 

reduction: government, business (consultants) and charity. In addition, some interviewees are born and 

raised on Saint Martin. Besides, a mix of people with experience in Saint-Martin and Sint Maarten is 

important to be involved. It is tried to contact as many candidates to finally have as many as possible 

interviewees from different perspectives. However, experience showed it is difficult to connect with many 

people that are willing to participate in an interview. In total 49 people and institutions have been 

contacted for an interview. Eventually six people have been interviewed. That means a rate of 12.2% of 

the contacted people have actually participated in an interview. In the process of planning the interviews 

some of the people that earlier were interested to participate did not respond any more, even after 

multiple reminders. All interviewees have been asked to fill in the BWS questionnaire. However, only 

three actually did complete the questionnaire. This is a low number of participants, so for any conclusion 

that should be kept in mind. The advantage of BWS is that it even in the case of few respondents creates 

a lot of data per respondent, so the data is still useful.  

Data for the damage analysis mainly comes from OpenStreetMap (OSM) (2018) and a damage report 

from PDC Global (2017). OSM is an open source digital representation of the world including buildings 

and infrastructure. In OSM people can add information on features for the object such as size, use and 

other characteristics. For this research the roof type and roof material characteristics are used. The Dutch 

Red Cross has entered this information for many objects in Sint Maarten. Information about the level of 

damage, the other necessary information to do the damage analysis is entered manually for two 

neighborhoods of Sint Maarten, since the Dutch Red Cross did not want to make it publicly available. In 

a reasonable amount of time it was not possible to enter the level of damage for all objects in Sint 

Maarten. 

 

4.3 CONCLUSION 

Three types of research methods are used in this master thesis: semi-structured interviews, Best-Worst 

Scaling and a damage analysis. Although people from different fields of expertise and experience were 

interviewed, the number of interviews was limited, weakening the overall conclusions. This is even more 

the case for the BWS analysis. With significantly more participants cluster analysis would have been 

possible to compare groups with each other, like Saint-Martin versus Sint Maarten and people involved 

in governance, consultancy and charity.  
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5. DATA ANALYSIS 

In this chapter the gathered data is described and analyzed. First, in section 5.1 the interviews are 

discussed. Next, the results of the Best-Worst Scaling are presented in section 5.2. In section 5.3 the 

damage analysis is elaborated. This chapter ends with conclusions in section 5.4. 

5.1 INTERVIEWS 

The interviewees are people from the most important stakeholders in disaster risk reduction and most 

having experience with the case of Saint Martin. Two of the interviewees have a government perspective, 

two have a consultancy background and two have been involved in the recovery of Saint Martin through 

charity. A more detailed description of the interviewees is presented in appendix C.  

5.1.1 DIFFICULTIES IN URBAN RECOVERY PROCESSES 

Since urban recovery is not a straightforward execution of procedures, often many different difficulties 

arise. All disasters and all recovery processes differ. However, the mechanisms of the recovery are often 

the same all around the world. A difficulty that is mentioned by all categories of interviewees is the 

coordination of resources to the disaster area. The local government often lacks experience and is 

incapable of controlling such big processes with bulk loads of goods. Usually multiple countries offer 

help in form of resources for the struck country. However, often conditions are attached to this help. An 

example is the condition of the Netherlands that Sint Maarten must establish an Integrity Chamber. The 

variety and amount of different resources and conditions often lead to chaos and delays. On a smaller 

scale, small initiatives to help the island caused an unclear situation. In this situation clarity should be 

created by centralizing the offered resources.  

Another point of attention that often creates friction is the attitude of external advisors and assistance. 

These people are guests in the struck country and cannot impose the local government. Especially in the 

case of Sint Maarten this is precarious due to the colonial past and only recently becoming an 

independent country within the Kingdom of the Netherlands. In Sint Maarten this created difficulties 

since the support concerns a relation between two countries between one kingdom but that are 

independent of each other. Before hurricane Irma struck Saint Martin, there was no organization from 

the Ministry of the Interior and Kingdom Relations. There was no previous experience that could be used 

as a reference. Because there was no experience, there were also no procedures and no money was 

provided for the recovery.  

An additional challenge mentioned is the situational awareness. Due to failing communication systems 

it was from a distance almost impossible to know what exactly was going on.  In the emergency phase 

the help was performed from necessity without politics involved. However, over time these political 

agendas did play a role. In comparison with the previous major hurricane (Luis in 1995) the urban 

recovery after hurricane Irma went slower. This is presumably mainly caused by the other political system 

at the time. In 1995 Sint Maarten was still part of the Dutch Antilles.  

Since France is a very centralized state, the regulation of processes and resources for Saint-Martin was 

not a problem at all. Most decisions for the local government what to do were made in Paris and were 

imposed to Saint-Martin. The biggest problem however for Saint-Martin was the total lack of 

preparedness for such a disaster. Many Saint-Martiners lost everything when their house was completely 
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damaged, because only 40% of the population had an insurance. These people cannot expect any money 

after the disaster to rebuild their house. This is a strong limitation in the reconstruction process. The 

local insurance companies had major difficulties coping with the enormous number of claims at the 

same time. Therefore, the reconstruction was delayed and caused even greater damage as the rain 

poured through damaged roofs.  

On entire Saint Martin most undocumented people have a low standard of living that can be easily 

reconstructed with little resources. These people often have enough savings that is normally used to 

maintain their family in their home country. Another large group consists of people that have a high 

standard of living and can afford an insurance. Although in practice it may take a while till their insurance 

money is paid out, these people will recover. The third major group had most problems and consists 

mostly of documented citizens that have a low standard of living and no savings or back up. However, 

this group appeared to be the most resilient group of all. These people had no choice and started 

reconstructing with all materials that could be found. The resiliency of the average Sint Maarteners is 

praised by all interviewees that have been involved in that recovery process. On the other hand, this is 

no structural solution because those quickly rebuild houses will be damaged as first when a new 

hurricane will strike. This situation differs for the French side since the French government pays money. 

This created a situation in which the community took a passive role and waited for the government to 

take decisions. A clear difference in the political situation is that Sint Maarten in fact is solely responsible 

for its recovery and that not only Saint-Martin, but France (and therefore the EU as well) is responsible 

for recovery of Saint-Martin. This direct responsibility and the centralized political structure creates in 

theory a more effective recovery structure. In practice this has proven to be successful to the extent that 

Saint-Martin started recovering later and on a slower pace than Sint Maarten, but more than a year after 

hurricane Irma both parts are approximately on the same level. In terms of cooperation between the 

French and Dutch side no major problems have occurred. Moreover, the recovery process made Saint-

Martin initiate more cooperation with Sint Maarten. It is not surprising that the French have this 

cooperation as a strategy since Saint-Martin depends more on Sint Maarten than the other way around.  
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5.1.2 STAKEHOLDERS AND BINATIONALITY 

Several stakeholders are identified by the interviewees. Figure 28 shows a map based on the 

stakeholders, importance and mutual relationships that were mentioned in the interviews. Of course, the 

perspectives of the interviewees affect the result of this stakeholder map and more interviews would 

create a more complete view. Findings from the literature study where used to complement the 

relationships.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

Figure 28: Stakeholder map based on interviews 

The French government has a prefecture on Saint-Martin and therefore has a clear presence on the 

island, rather than the Dutch government. A prefecture is a government entity with authority on the level 

of a region or department. The prefect represents the central government at a local level (The Connexion, 

2010). The first mission of the interministerial delegation was to coordinate policies of all involved 

ministries. In total 90% of the French ministries were involved and consulted in this process. Despite the 

centrally organized system of the French Republic, the alignment of the ministries caused a lot of 

bureaucracy. Such interministerial delegations are created to coordinate between different ministries 

and operate under the direct supervision of the prime minister. However, the centralized system also 

made it possible to immediately after the disaster sent 500 gendarmes for safety on the island. The 

collectivity of Saint-Martin has competencies of a French city, a French department, a French region and 

Collectivity Saint-Martin 

   -French prefecture 
   -Parliament 
   -Leaders political parties 
     

French administration 

    Prime minister 
-Ministry of finance 
-Ministry of education 
-Ministry of interior  Interministerial 
-Ministry of the overseas delegation 
-Ministry of health 
-etc. 
    

   French Republic 
 
 

Community 
 

 

Community 
 

Kingdom of the Netherlands 
 

Sint Maarten 

-Governor 
-Parliament 
-Leaders political parties 
 

Dutch government 

     
-Ministry of interior and kingdom relations 
-Committee kingdom relations 
-Cabinet 
 
    

Private sector 
Private investors 

Construction companies 
Insurance companies 

Notables 
Consultants 

Interest groups (e.g. VNO NCW) 
 

Worldbank 
 

Red Cross 
 

D
ef

en
se

 

 

€ 
 



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

MASTER THESIS   77 

 

of the state. This means Saint-Martin is very autonomous, but not independent. From the interministerial 

delegations’ perspective the collectivity Saint-Martin is the most important stakeholder. Besides, the 

private sector is very important because it is their task to rethink a new model of economic development 

and tourism.  

Because Sint Maarten is an independent country within the Kingdom of the Netherlands only the 

ministries of foreign affairs and defense are shared. The defense has played a major role in resource 

supply and security in the emergency phase. The foreign affairs and defense are the only two sectors 

certain actions can be imposed by the Netherlands. However, besides this official relationship within the 

kingdom, agreements can be made based on diplomacy, relationships and the power of money. Parties 

from the private sector play a major role in reconstructing the island. Some companies take initiatives 

from altruism, while other use it as a direct business opportunity. The NGOs competed to have a leading 

role. By organizing a television show on national Dutch television, the Red Cross had taken an advantage, 

while normally Giro 555 is used for this kind of events. Two international organizations (IOs) offered to 

help: United Nations (UN) and Worldbank. Worldbank was selected to act as a mediator because of 

rational and political reasons, since Worldbank is more liberal and UN more focused on emergency help. 

A trust fund was created by a contribution of €470 million from the Netherlands which is controlled by 

the Worldbank. This organization has experience with recovery from disasters of this size. The 

government of Sint Maarten can claim money from this trust fund when showing reports and plans 

regarding physical reconstruction what is to be done with the money.  

Consultants in this area of specialization are often paid and sent by the Dutch government. Therefore, 

the country of subject is entered at high official or ministerial level. These parties have a good overview 

of the local organizations and can most efficiently use a top-down approach for implementations or 

adaptations. This entire recovery is done for the sake of the citizens. Despite a ‘governmental’ 

interviewee mentions the community as involved party, it was not considered an actual stakeholder. This 

is in contrast to a ‘consultant’ interviewee that states communities should be involved in the urban 

recovery process since they are the owners and users of the project. This is remarkable since the theory 

claims DRR policy being more effective when communities are involved from the beginning (Blake, 

Marlowe & Johnston, 2017; Kammerbauer & Wamsler, 2017; Lawther, 2009; Pongponrat & Ishii, 2018). 

This aligns with the statement by one of the interviewees that many countries only care about short-

term planning and that short-term planning does not reduce disaster risk.  

Due to the binationality of Saint Martin many interactions have taken place between the task groups 

concerned with the reconstruction. The French side however has a weaker negotiation position than Sint 

Maarten. This is because the most important infrastructure (international airport and port of Philipsburg 

are both located on the Dutch side. This creates a French dependency on Sint Maarten. Therefore, 

common projects are initiated by the French regarding infrastructure, security and immigration control. 

Politically however it sometimes gives some difficulties Saint-Martin being part of EU and Sint Maarten 

not. Such a difference in policies not necessarily has to result in problem, but often prevailing policies 

are not complied with on islands as Saint Martin. The binationality does not actually mean only two 

parties have to cooperate. In this case five government bodies are involved: 

- The French Republic 
- The Collectivity of Saint-Martin 
- The Kingdom of the Netherlands 
- The country of the Netherlands 
- The country of Sint Maarten 
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The approach of the French and Dutch differed from the beginning, which is caused by the difference in 

social systems. The French prefect has taken a passive role in the beginning because the French citizens 

receive payments from the government. On the other side, the Sint Maarteners were left to own 

initiatives, which caused a kickstart for the urban recovery in comparison with the French Saint-Martiners. 

Only in the emergency situation the binationality caused a ‘tricky situation’ because of other governance 

structures and objectives, but immediately after that phase there were no issues.  

A point of attention that does not play a role on Saint-Martin, but does on Sint Maarten, is a tension 

between the previous colonial ruler. In multiple interviews the relationship between Sint Maarten and 

The Netherlands is indicated as precarious. Another challenge that has come up several times is the 

complex coordination of resources in the emergency phase of a disaster. To go through the emergency 

phase more efficiently and to help the citizens quicker, a government body should be assigned to create 

policy how to handle the resources and conditions connected to the resources. Basically, that is what 

the Worldbank does for the longer term.   

5.1.3 RESILIENCY 

Resiliency of a country cannot be generalized. In case of a rich country with high living standards, 

resiliency takes a lot of effort to build back to the same high level. For a poor country with low standard 

of living less effort is necessary to recover. This is both resilient, but there is a big difference between 

the two. At the island there are also segregated parts with much difference in level of prosperity before 

Irma caused the extensive damage.  

Regarding societal resiliency, Sint Maarteners are as resilient as can be. This is due to the positive mindset 

of the citizens. The lack of social back up in Sint Maarten forced the citizens to take initiatives themselves. 

This caused an enormous societal resiliency outburst. Totally different was the societal resiliency at the 

French side where people collected their payment from the government and waited for their initiatives. 

The physical infrastructure was not that badly damaged. There was debris on the roads and the 

installations in the airport terminal were damaged, but the physical structure of the buildings was 

perfectly intact. Moreover, the installations were only damaged by moisture because no one had closed 

the sliding doors, as should have been done. Now the sliding doors kept opening which caused an 

indoor moist air swirl ruining all installations and resulting in mold. 
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5.1.4 DISASTER RISK REDUCTION 

Disaster risk reduction is normally purely based on economic considerations. Forecasts about the 

frequency and impact of a disaster should determine what investment is necessary or desirable. The 

extra investment needed to build to withstand a 1:20 year hurricane should outweigh the primary 

investment to build e.g. a 1:10 year hurricane to make the investment feasible. The relationship between 

investment and increasing strength against a disaster is illustrated in figure 29. This figure illustrates that 

the same amount of extra investment (x) is in some situations a major increased strength to hurricanes 

(y1), while in other situations the extra investment (x) makes a negligible difference (y2).   

 

 

 

 

 

Figure 29: Extra investments compared to increased strength in DRR 

Investments in DRR are more effectively when implemented in long-term visions. Then the conditions 

can be created to implement greater structural strength to disasters as a condition in applicable 

developments. An example can be as simple as leaving space in areas where later reinforcements are 

necessary instead of approving constructions everywhere without control and later moving these 

constructions. Although this example may seem to be straightforward, many countries only care about 

short term planning. However, these investments can be relatively easily implemented in the projects 

that have to be executed anyway. These projects on Saint Martin concern bad roads, small scale flooding, 

bad drainage and an ever-growing garbage dump. Islands as Saint Martin have little possibilities to avert 

a disaster, so constructing as strong as possible is the only reasonable option. Most opportunities to 

create the strongest possible communities is when collaborating as a collective. Individuals can only 

insure themselves, but that is very expensive and is no durable alternative.  

From a governmental point of view, a clear and strong vision is mentioned as first condition for 

successful disaster risk reduction. Such a vision should be applied to all aspects of DRR and being clear 

for all involved people or parties. Build Back Better was chosen as vision on Saint Martin. That may mean 

that less buildings can be reconstructed, but of better quality. The second condition is a strong vital 

infrastructure. This concerns primary roads, hospitals, airport, but also water plants, electricity supply 

and telecommunication. The third conditions is the revival of the economic engine of the island: tourism. 

Tourism may need to be diversified into other sectors such as ecotourism as long as it aligns with the 

vision of the first condition. Implementing such a vision may have some downsides, but not all are as 

bad as it looks. For example, PV-panels and wind turbines were suggested to start creating a self-

supporting energy supply on the island, but the counterargument was that those options look ugly. The 

fact that everyday an oil tanker has to moor to supply the energy plant with polluting fossil fuels is 

apparently not considered convincing enough yet.  
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Remarkably, from the government perspective the interviewees stated, both in Saint-Martin and Sint 

Maarten, that some of the buildings that looked very solid from the outside appeared to be of very poor 

building quality. Apparently, the building codes have not been enforced and the constructer has chosen 

to build as cheap as possible. This is a relatively easy method to reduce the disaster risk that can save a 

lot of trouble. On the French side the lessons learned are captured into a new policy which is based on 

three objectives. The first objective is to launch a new cooperation with the Dutch side in order to balance 

the relationship between the two sides and to boost the economy on the side of Saint-Martin. The 

second objective is to launch a new urban plan to limit disaster risk and making sure that new buildings 

will be built by some standards in terms of security and not built in most dangerous areas. The third 

objective is to strengthen public security, police and gendarme. 

Comparing the urban planning of both sides, there are large differences. For the Dutch part no 

interviewee has mentioned constructions in dangerous locations as a consequence of inadequate urban 

planning. While on the French side this is considered a major problem and one of the top priorities to 

tackle. This resulted for Saint-Martin e.g. in a study into areas that are prone to flooding and are 

dangerous to live in. This is the basis of urban planning by determining where people should not live 

(Collectivité de Saint-Martin, 2018). In interviews and ministry plans of Sint Maarten this improved urban 

planning by avoiding dangerous areas is not addressed as such (Ministry of VROMI, 2015). Reviewing 

what areas are dangerous to live in results in figure 30. This shows in red what areas are prone to flooding 

and submersion due to e.g. hurricanes and in black all buildings.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: Buildings in dangerous locations Saint Martin (Abebe, Ghorbani, Nikolic, Vojinovic & Sanchez, 

2019; Collectivité de Saint-Martin, 2018; OpenStreetMap, 2018; St Maarten Agriculture, 2014)  
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5.1.5 FUTURE 

To the question what disaster risk reduction will look like in het future varying answers were given by 

the interviewees. Warning is the first priority that saves many lives and makes a major difference 

regarding the damage. Forecasting when a hurricane strikes is already very well possible, however 

forecasting the actual path of a hurricane is still largely uncertain.  

A fifth of the people in Saint-Martin originates from the European mainland and is therefore not used 

to such crises in terms of psychology and (personal) preparation. This is illustrated by the fact that many 

people had not enough necessities such as water and food in storage. A way to improve these lacking 

preparations is to provide more information and education as a message from the government to the 

people. Besides, due to the size of the island there is a lack of professionalism and expertise on disaster 

risk reduction and construction. In theory everything can be extensively prepared, in practice everyone 

is first fixing their own house. In addition, the approach to DRR is mainly a cultural thing. On the island 

to some extent imperturbability is experienced by multiple interviewees. Therefore, form a government 

perspective is reasoned that it is not likely that in 30 years large steps are taken concerning DRR, due to 

lacking space, time and resources. The role of technological innovations has varying opinions. 

Technological innovations are taken seriously by Worldbank, who is responsible for the money provided 

by the Dutch government for the reconstruction of Sint Maarten. These innovations especially relate to 

finance, technology, society and environment. There was no connection possible between Sint Maarten 

and the Netherlands in the first period after hurricane Irma, which impeded the emergency help and 

recovery. A more robust telecommunication system should have priority to improve. From a consultant 

perspective more research into cheap, solid and sustainable housings solutions is considered to have 

more potential. When innovations are available, capacity is needed to apply it. Especially in terms of 

building many existing technologies are not applied by the community due to unfamiliarity or other 

reasons. Another interviewee emphasizes the role of data in DRR. Simulations can be performed quick 

nowadays what can be used to run several different strategies to evaluate the consequences in terms of 

disaster risk and finances. This also accounts for automated planning processes in which financial key 

figures are put in to create a cost benefit analysis for multiple strategies. Investments in this kind of 

applications are often worth it, since on average every dollar spend on DRR saves six dollars on recovery. 

There is also some cynicism towards the role of technology as part of DRR because it is an application 

that cannot be trusted. First priority that can make a larger difference is to create a better urban plan to 

prevent people living and building in areas vulnerable to natural disasters such as hurricanes and 

flooding, as shown in figure 30. Besides, there is much potential to improve the pitiful building quality 

of many constructions.  

In terms of economy diversification within the tourism sector is a possible strategy. Developing other 

kinds of economic sectors is not possible due to lacking (flat) space, lacking intellectual resources and 

the geographic location. In the Caribbean area Saint Martin is a central hub for large airplanes and cruise 

liners. All Caribbean islands have tourism as major contributor to the economy and only a few (formerly 

British islands) have developed their financial sector more. On the French side some more space is 

available, so developing agriculture is an option there. Among the interviewees is consensus about 

alternatives for the economy to depend less on tourism. Diversification within the tourism sector is 

possible, e.g. ecotourism. The other main change should be investing in a self-sufficient island which 

increases the resiliency and robustness against disasters as well. Becoming self-sufficient in terms of 

energy basically means placing PV-panels on roofs and maybe some wind turbines at appropriate 

locations. This is rational idea since there is plenty of sun and wind at Saint Martin all year around.  



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

82  MASTER THESIS 

 

0.833

0.750

0.333

0.333

0.250

0.250

0.167

0.000

-0.083

-0.083

-0.083

-0.111

-0.167

-0.250

-0.250

-0.250

-0.500

-0.583

-0.583

( 6 )  R I S K  R E D U C T I O N  T H R O U G H  P R E P A R E D N E S S  A N D  
E A R L Y  W A R N I N G

( 1 6 )  S T R E N G H T E N I N G  C R I T I C A L  I N F R A S T R U C T U R E

( 7 )  R E V I S I O N  O F  B U I L D I N G  C O D E S  A N D  C O N S T R U C T I O N  
D E S I G N S  I N C L U D I N G  E N F O R C E M E N T

( 5 )  S U P P O R T  F O R  E C O N O M I C  R E C O V E R Y  A N D  
E N T R E P R E N E U R S H I P

( 1 7 )  A D A P T I V E  D R R  S T R A T E G Y

( 3 )  P R E - D I S A S T E R  R E C O V E R Y  P L A N N I N G

( 1 1 )  T R A I N I N G  A N D  E D U C A T I O N  I N  D R R

( 1 5 )  S H A R E  E X P E R I E N C E S  O N  D R R

( 4 )  E M P O W E R M E N T  O F  L O C A L  A U T H O R I T I E S

( 1 )  C O M M U N I T Y  I N V O L V E M E NT

( 9 )  L O C A L  A P P R O P R I A T E  S O L UT I O N S

( 1 9 )  I M P L E M E N T A T I O N  O F  E C O L O G Y  P R O T E C T I N G  
M E A S U R E S

( 8 )  D R R  A S  P A R T  O F  L A N D - U S E  P O L I C Y

( 2 )  E Q U A L I T Y  A N D  I N C L U S I V E N E S S

( 1 4 )  P R O T E C T I O N  O F  E N V I R O N M E N T A L  A S S E T S

( 1 8 )  I M P L E M E N T A T I O N  A N D  S U P P O R T  F O R  I N N O V A T I O N

( 1 2 )  C O M M U N I T Y  W E L L - B E I N G  A N D  H E A L T H

( 1 0 )  T R A N S P A R E N T  D E C I S I O N - M A K I N G  S T R U C T U R E

( 1 3 )  P R O T E C T I O N  O F  C U L T U R A L  A S S E T S

BWS RESULTS
IMPORTANCE OF ITEMS IN DRR ON SAINT MARTIN 

5.2 BEST-WORST SCALING 

Although the number of respondents is limited, the data shows clear discriminations among the items. 

The reoccurrence of the items in the fifteen questions strengthens the performance of the method for a 

limited number of respondents. All items occur four times in the questionnaire, except the item 

‘implementation of ecology protecting measures’. This item occurs three times, which is an inevitable 

result from the questionnaire design with fifteen questions and five items per question. Figure 31 shows 

the standardized results of the BWS questionnaire. The items are ranked from relatively most often 

chosen as best to relatively most often chosen as worst. The following formula is used to calculate the 

standardized results: 

(�����		��	�����	�ℎ���	��	�� ! − �����		��	�����	�ℎ����	��	#$� !)
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Figure 31: BWS standardized results 
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The two items that have scored best in total are clearly identified as being ‘risk reduction through 

preparedness and early warning’ and ‘strengthening critical infrastructure’. These items are at least 75% 

of the times assessed as most important. The three items that have scored worst are chosen at least 50% 

of the times as least important. These items are: ‘community well-being and health’, ‘transparent 

decision-making structure’ and ‘protection of cultural assets’. Appendix D shows a more detailed figure 

with percentages for chosen as best and worst items. Appendix D shows for example consensus about 

items 6, 16, 12, 10 and 13, but also shows an ambiguous judgement about ‘share experiences in DRR’ 

and ‘empowerment of local authorities’. To identify differences between the respondents, appendix E 

shows the standardized result on an individual level. The individual results confirm the ambiguous 

judgement for items 4 and 15. However, these results show that the individuals are consistently 

answering other options for these two items. The item ‘share experiences on DRR’ is chosen by one 

‘government’ respondent to be least important, while the others assessed it as most important. The 

items ‘empowerment of local authorities’ has even more discrimination in being chosen. The ‘consultant’ 

respondent did not choose this item any time. One ‘government’ respondent chose it multiple times as 

most important, while the other ‘government’ chose is multiple times as least important. None of the 

respondents wanted to add an item that was not included in the BWS questionnaire. This means the 

items that are extracted from literature include the most important items the respondents think are 

important to incorporate in DRR policy. However, one respondent indicated that it is difficult to give 

generic answers since disaster risk reduction consists of multiple potential disasters.  

The next step is to analyze the results from the Best-Worst Scaling questionnaire. The items are the 

independent variables to establish their relationship with the implement in DRR policy. Discrete choice 

modelling, and more specifically a multinomial logit model, is selected to do this analysis. Discrete choice 

models use the assessments of individuals to calculate the probability by accumulation that a group 

makes certain choices in a choice set (Train, 2009). Within discrete choice models the logit model is most 

widely used because “the formula for the choice probabilities takes a closed form and is readily 
interpretable” (Train, 2009).  Although Train (2009) describes a limitation of a logit model being that only 

systematic taste variations are considered and not random differentiations, the logit model is chosen 

since this aligns perfectly with the objective of the BWS.  Because the items from the BWS are nominal 

variables, the multinomial logit model is used. R-software is selected to perform the analysis. The process 

of the R-software is elaborated next.  

After each question in the BWS questionnaire a question was asked whether all items were important, 

some are important or none are important. This is done to anchor the overall importance of the items. 

Three items were most frequently (five times) present in questions that were assessed ‘as some items 

are important and some are not’. These items are: 

- Transparent decision-making structure (item 10) 

- Protection of environmental assets (item 13) 
- Implementation and support for innovation (item 18) 

These items are three of the four lowest scoring items in figure 31. Although the anchoring is primarily 

to assess the overall importance of the items, this means the respondents evaluate as these three not 

important, whilst the others are considered important. By this anchor the absolute importance is 

evaluated instead of only the relative importance among the items. Even though the items are extracted 

from literature and are considered to be all important, the ‘anchor’ indicates whether the respondents 

agree that all items have a certain importance to be implemented. 
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R-software has a feature to calculate the choice probabilities and their significance for a multinomial 

logit model. The exact commands are included in appendix F. First of all, the BWS choices from the 

interviewees are converted into a grid structure in Excel that can be easily understood by the R-software 

(Displayr, 2018). After converting this dataset into a .csv file this is loaded into the R-software. With the 

‘mlogit’ function the R-software calculates the estimates including significance values for all items 

compared to the first item.  

The results of the multinomial logit analysis in R are shown in table 10. Item 1 is not mentioned in the 

result since this item is used as a benchmark to compare the other items with. The items with highest 

value for ‘Estimate’ are chosen by the respondents to are most important to implement in disaster risk 

reduction policy on Saint Martin.  

Table 10: Coefficient results 
Item Estimate Std. Error z-value Pr(>|z|)  

2 -0.749683 0.890527 -0.8418 0.3998767  
3 1.823663 0.994161 1.8344 0.0665985 . 
4 -0.070756 0.908739 -0.0779 0.9379383  
5 1.516148 0.917864 1.6518 0.0985707 . 
6 4.319793 1.147910 3.7632 0.0001678 *** 
7 1.456899 0.918497 1.5862 0.1126991  
8 -0.458992 0.870693 -0.5272 0.5980846  
9 0.059388 1.058019 0.0561 0.9552375  
10 -1.957742 0.918187 -2.1322 0.0329918 * 
11 1.185967 0.965855 1.2279 0.2194870  
12 -1.361782 0.908387 -1.4991 0.1338424  
13 -2.165122 0.909529 -2.3805 0.0172898 * 
14 -1.099950 0.894462 -1.2297 0.2187967  
15 -0.143608 0.923815 -0.1555 0.8764662  
16 3.696310 1.113249 3.3203 0.0008992 *** 
17 1.237113 0.913550 1.3542 0.1756782  
18 -0.766536 0.909096 -0.8432 0.3991252  
19 -0.030775 1.032507 -0.0298 0.9762219  

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1; Log-Likelihood: -87.978 

Remarkably the environmental and ecology related items (14, 19) have a negative estimate. This does 

not mean these items are not important, however it was expected that ecology related items had become 

more important in last years. Even more because the ecology may be a key reason to prevent 

climatological effects getting worse in the future. In contrast to the literature, DRR by the respondents 

is seen as a top-down process (items 2, 4, 10, 12). Especially low score of item 10: ‘Transparent decision-

making structure’ is surprising. This means that the respondents do not consider informing and maybe 

consulting locals as an important aspect to incorporate in DRR policy. This might be preferred because 

that may be more effective on the short term and less expectations are established. Resulting from table 

10 the significant most important items to implement in DRR in Saint Martin are:  

 (6) Risk reduction through preparedness and early warning  (significant on >99.99% confidence level) 
 (16) Strengthening critical infrastructure          (significant on >99.99% confidence level) 
 (3) Pre-disaster recovery planning           (significant on 90% confidence level) 
 (5) Support for economic recovery and entrepreneurship     (significant on 90% confidence level) 
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And the least important significant items to implement in DRR in Saint Martin are:  

 (13) Protection of cultural assets          (significant on 95% confidence level) 
 (10) Transparent decision-making structure         (significant on 95% confidence level) 

These results are valid for the entire group of respondents of this questionnaire. However unfortunately, 

this were too less respondents to create groups among the respondents to compare their scores. The 

results are ranked in the appendix G to check for differences in the order by using standardized scores 

and the multinomial logit model. Especially in the middle rank are some shifts. The middle ranks have 

less discriminating values which causes easier shifts between the ranks. The only item in the top ranks 

that differs for both methods is item 3 ‘Pre-disaster recovery planning’. In the multinomial logit model 

this item is third highest, while it is the sixth highest item concerning standardized results.  

The validation of the model is based on three components: parameter significance, face validity and 

goodness-of-fit (Borgers, 2017, p.33). The significance and signs of the parameters (face validity) are 

already discussed. The third evaluation, goodness-of-fit, is done by calculating the ρ2 value. The ρ2, also 

known as the McFadden’s Rho-Square, is calculated by the following formula (Borgers, 2017, p.18): 

ρ, = 1.00 −	
//(ß)

//(0)
	 

In the formulate LL stands for Log-likelihood using the estimated parameters (ß) and the null-model (0). 

The R-software calculated automatically the LL(ß): -87.978. Using the ‘lrtest’ command R-software also 

calculated the LL(0): -143.679. Filling this into the formula results in a ρ2 of: 

 	

ρ, = 1.00 −	
−87.978

−143.679
 

ρ, = 0.388 

The value of ρ2 is preferably greater than 0.2 (Borgers, 2017, p.33). Since 0.388>0.2 this means the 

model has a good fit.  
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5.3 DAMAGE ANALYSIS 

In this section a damage analysis is performed. Consecutively the roof types, roof material and the 

damage are analyzed and discussed.  

5.3.1 ROOF TYPES 

Several roof types can be distinguished. The most common shapes are flat and sloping roofs. Sloping 

roofs have many variations in shapes. Figure 32 shows the most commonly applied roof shapes: flat, 

hipped and gable roofs. In the OSM database that is used for the GIS damage analysis only flat and 

hipped roofs are distinguished and allocated based on satellite imagery by the Dutch Red Cross. In the 

investigated area of 57.9% of the buildings the roof type is identified. Figure 33 shows the ratio of flat 

versus hipped roofs in Sint Maarten and in the investigated area Dutch Quarter & Middle Region.  

Flat roofs are not advisable in areas that are subject to high windspeeds (Foss, 2006). Hipped roofs are 

more suitable to resist high wind speeds since flat roofs create greater uplift force due to the 

aerodynamics and are more prone to water leaks. Foss (2006) states the most optimal slope to be 

between 17° and 27°. This is partly in consensus with Bruney (2017), that reports after hurricane Irma 

what the result of the wind speeds was on the roofs, that all roofs with a slope of 22° or more performs 

better against high wind speeds. After Irma Bruney (2017) reports that most of the hipped roofs were 

still intact, while most flat roofs are damaged. The preference for hipped roofs is the result of research 

that showed that “the highest local suction pressures on the gabled roof can be roughly 50% higher 
than those on hipped roof” (Meecham, Surry & Davenport, 1989). Besides the shape of the roof also the 

height of a building affects the vulnerability to high wind speeds. High rise buildings are much more 

amenable for high wind speeds in combination with the direction of the wind than low rise buildings 

(Cui & Caracoglia, 2018). Hipped roofs are more expensive to build than flat roofs, which often is a 

constraint. Gable roofs are particularly prone to high wind speeds due to the gable ends. These ends are 

vulnerable due to the overhang and resist the wind to flow around the house easily, as is the case for 

hipped roofs (Foss, 2006). Even when is chosen to construct flat or gable roofs, the attachment of the 

roof to the walls is essential to withstand high wind speeds. 

 

 

 

 

Figure 32: Left to right: flat roof, gable roof, gable roof with overhang, hipped roof 

 

 

 
 

 
 
 
Figure 33: Ratio of roof types in Sint Maarten and Dutch Quarter & Middle Region 

Shares roof type - Sint Maarten Shares roof type - Dutch Quarter & Middle Region 
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5.3.2 ROOF MATERIAL 

Roof materials influence the resistance of the roof to high wind speeds. Dabral and Maddalo (2012) have 

listed the most commonly used building materials in the Caribbean concerning their vulnerability in 

hurricanes. From least vulnerable descending to most vulnerable these materials are: reinforced 

concrete, steel, reinforced masonry, unreinforced masonry and wood frame. Roof tiles can be a good 

option to use against high wind speeds, provided the installation is done accurately and solid (Al, 2018). 

Otherwise roof tiles are easily torn of and are likely to damage surrounding building as it becomes flying 

debris.  

As a case study Shanmugasundaram et al. (2000) researched in India the damage, after a severe 

hurricane, of different types of buildings that were constructed with different materials. The only type of 

residential houses that were not damaged were entirely made out of reinforced concrete. Most tiled 

roofs were completely destroyed since suction wind is one of the most devastating factors of a hurricane. 

The houses are used to handle gravity, but the houses are built too light to handle the upward force of 

suction winds. In the investigated area in Sint Maarten concrete, metal and tiled roofs are distinguished. 

Figure 34 shows the ratio of these three types of roofing and the representativeness of Dutch Quarter 

& Middle Region to Sint Maarten. Dowrich-Phillips (2017) confirms concrete roofs being the most 

appropriate roof material in areas prone to hurricanes. However, whatever material is used, the 

attachment is crucial for the roof to withstand high wind speeds. That means even weaker materials may 

resist a hurricane as long as the connections are correctly and solidly constructed. Attention to the 

connections is also what Vanden Eynde (2017) stresses in an interview about hurricane resistant building 

in the local newspaper. Besides is claimed that the roof shape is of minor importance since all roof 

shapes can be constructed in a way that can withstand hurricanes, however the right construction 

methods and attachments must be applied. In addition, just pouring concrete on roofs to strengthen 

and add weight, what is often done by citizens, can result in very dangerous situations (SMNN, 2018). 

The foundations and walls of constructions are normally designed for the applied roof and not for a 

massive increase of weight on the roof due to the added concrete, what may result in collapsing roofs. 

More problems occur when people construct their own house safely, but surrounding buildings have 

cheap and wind susceptible roofs, then well-constructed buildings are likely to be damaged by flying 

debris (Bruney, 2017; Glotzbach, 2018). Glotzbach (2018) in addition asserts outdated and inadequate 

building codes, lack of inspections and enforcement of existing regulations as other reasons for the 

constructions to became damaged during hurricane Irma. 

 

 
 
 
 
 
 
 
Figure 34: Ratio of roof material in Sint Maarten and Dutch Quarter & Middle Region 
 
 

Shares roof material - Sint Maarten Shares roof material - Dutch Quarter & Middle Region 
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5.3.3 LEVEL OF DAMAGE 

To assess the strength of different roof types and roof materials against hurricanes the level of damage 

is necessary to include as a variable. Damage level data from PDC Global (2017) is manually entered in 

QGIS for neighborhoods Dutch Quarter and Middle Region. Figure 35 shows the investigated area with 

color identification for the level of damage. Clearly many buildings with the same level of damage are 

clustered. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 35: Level of damage in Dutch Quarter & Middle Region 

Figure 36 shows the shares of the levels of damage for the investigated area. Altogether 89% of the 

buildings in this area are to a greater or lesser extent damaged. Even more noticeable is that 49% of the 

buildings was completely destroyed. That means the building has collapsed and needs reconstruction 

to be used again. Next, the 29% of slightly damaged buildings is also a large share compared to 

moderate and highly damage levels. These percentages are the average for this area. The null hypothesis 

for the roof type and roof material is that it makes no difference what shape or material is applied to the 

roof for the level of damage after a hurricane.  

In total 49% of the buildings was completely destroyed, as can be seen in the average-column of table 

12. Of the flat roofs even 54% was completely destroyed, while for the hipped roofs this was reasonably 

less than the average, namely 35%. The other major difference in damage level for the roof types is that 

there are relatively more buildings slightly damaged (average = 29%) with hipped roofs (39%) than with 

flat roofs (21%). Another slight difference is the percentage buildings that were not affected with hipped 

roofs (15%) compared with the average (11%).  
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Surprisingly, for the roof material 58% buildings with concrete roofs were completely destroyed, while 

this is 46% for metal and 41% for roof tiles. The other major difference is in the ‘slightly damaged level’ 

as well. For this level concrete roofs are less represented (21%) than metal (30%) and roof tiles (39%) 

compared to the average (29%). 

 

 

 
 

 

 

 

Figure 36: Ratio of levels of damage in Dutch Quarter & Middle Region 

The results from the damage, roof type and roof material are tested by a Chi-square test. The use of a 

Chi-square test follows from the fact that variables: level of damage, roof material and roof type are 

both nominal variables. First, the roof type is analyzed. In this analysis ‘roof type’ is the independent 

variable and ‘level of damage’ the dependent variable. Performing the Chi-square test in SPSS software 

results in table 11. First of all, the large percentage number of missing cases (42.1%) is the result of 

missing information about all roof types of construction in the investigated area. There are still enough 

(1,258) cases to use for the analysis. The roof type and material information are entered in the Open 

Street Map platform predominantly by the Dutch Red Cross. In table 11 the percentages are calculated 

horizontally and compared vertically to check for differences between e.g. the percentage of flat roofs 

completely destroyed and hipped roofs that were completely destroyed.  

As can be seen in table 11, the damage analysis regarding roof type results in a Pearson Chi-square 

value of 50.403. The relation between roof type and level of damage is significant (two-sided). One 

important condition for the Chi-square test is that no more than 20% of the cells has values lower than 

5 (Heijnen, 2014). In this case 0.0% of the cases have a value lower than 5, which means this condition is 

met. Although the significance is two-sided, from the expected counts can be extracted how the two 

roof types have performed in comparison with each other. Since buildings with flat roofs were 

significantly more likely (53.7%) to be completely destroyed than buildings with hipped roofs (35.4%) 

the theory about the roof types can be confirmed: during Irma buildings with hipped roof have survived 

the high wind speeds with less damage than flat roofs. This accounts only for the complete destroyed, 

since the percentage slightly damaged buildings is significantly larger for the hipped roof buildings. 

Almost the same percentage of buildings with flat and hipped roofs were not affected (13.4% and 15.2%).  

 

 

 

 

Damage 
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Table 11: Chi-square results for roof type and level of damage 
Case Processing Summary 

 Valid Missing Total 
N Percent N Percent N Percent 

Roof type x Level of damage 1,258 57.9% 915 42.1% 2,173 100% 
 

Roof type * Level of damage Crosstabulation 

 Level of damage 
Total Not 

affected 
Slightly 

damaged 
Moderately 
damaged 

Highly 
damaged 

Completely 
destroyed 

R
o

o
f 

ty
p

e Flat 
Count 125 192 70 44 499 930 
Expected count 129.4 236.6 65.8 43.6 454.7 930.0 
% within type 13.4% 20.6% 7.5% 4.7% 53.7% 100% 

Hipped 
Count 50 128 19 15 116 328 
Expected count 45.6 83.4 23.2 15.4 160.3 328.0 
% within type 15.2% 39.0% 5.8% 4.6% 35.4% 100% 

To
ta

l  Count 175 320 89 59 615 1,258 
Expected count 175.0 320.0 89.0 59.0 615.0 1,258.0 
% within type 13.9% 25.4% 7.1% 4.7% 48.9% 100% 

 
Chi-Square Tests 

 Value df Asymptotic Significance 
(2-sided) 

Pearson Chi-Square 50.403a 4 .000 
Likelihood Ratio 48.830 4 .000 
Linear-by-Linear 
Association 

32.497 1 .000 

N of Valid Cases 1,258   
a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 
15.38. 

The same process is used to analyze the roof material in relation to level of damage and the results are 

shown in table 12. Roof material is assigned to more buildings in the investigated area than for the roof 

type because for the roof material 11.7% cases were missing. This leaves 1,919 cases to analyze. The Chi-

square value is 35.139. With eight degrees of freedom ((3-1)*(5-1)) this means a critical Chi-square value 

for p=0.05 of 15.51 (Turner, 2014). Since 35.139 > 15.51 the null hypothesis is rejected and the alternative 

hypothesis is adapted. That means there is a significant relation between roof material and level of 

damage.  

However, in theory concrete roofs should perform best in case of a hurricane. A good alternative can be 

metal roofing on condition that the connections are constructed accurately and solid by a specialist. 

Roof tiles are definitely considered the worst option, even more because the tiles cause much damage 

to other buildings when getting loose. The investigated area however shows results that are the opposite 

of what is expected. Of the concrete roofs 58.0% has been destroyed complete, compared to 46.2% of 

the buildings with metal roof and 40.8% for buildings with roof tiles. The percentages of highly damaged 

and moderately damaged are comparable. The percentages for the slightly damaged level do vary 

considerably with 21.0% for concrete roofs, 30.0% for metal roofs and 39.2% for roof tiles. At last, 

relatively most metal roofs are not affected (12.0%) followed by concrete roofs (10.8%) and roof tiles 

(8,3%). The fact that in this area, contrary to expectations, buildings with concrete roofs are 

disproportionally often completely damaged may be explained by slums that are present in the 
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neighborhood Dutch Quarter. Another reason may be that people poor concrete on their roof to add 

weight, but without specialist knowledge this is easily exaggerated and becomes dangerously heavy for 

the structure. Besides, socio-demographic characteristics of the households in the houses with concrete 

roofs may have caused this result. This neighborhood is known to consist mainly of low-income houses 

and slums. Therefore, building quality here is often not sufficient to what building codes prescribe 

(Bijnsdorp, 2017; Marijnissen, 2017). Even if concrete roofs are used to resist hurricanes it is likely that 

these are not supervised by an (relatively expensive) specialist.  

Table 12: Chi-square results for roof material and level of damage 
Case Processing Summary 

 Valid Missing Total 
N Percent N Percent N Percent 

Roof material x Level of damage 1,919 88.3% 254 11.7% 2,173 100% 
 

Roof type * Level of damage Crosstabulation 

 Level of damage 
Total Not 

affected 
Slightly 

damaged 
Moderately 
damaged 

Highly 
damaged 

Completely 
destroyed 

R
o

o
f 

m
at

er
ia

l 

Concrete 
Count 66 128 41 21 353 609 
Expected count 69.5 168.8 45.1 23.5 302.1 609.0 
% within material 10.8% 21.0% 6.7% 3.4% 58.0% 100% 

Metal 
Count 143 357 94 46 550 1,190 
Expected count 135.8 329.9 88.1 45.9 590.3 1,190.0 
% within material 12.0% 30.0% 7.9% 3.9% 46.2% 100% 

Roof tiles 
Count 10 47 7 7 49 120 
Expected count 13.7 33.3 8.9 4.6 59.5 120.0 
% within material 8.3% 39.2% 5.8% 5.8% 40.8% 100% 

To
ta

l  Count 219 532 142 74 952 1,919 
Expected count 219.0 532.0 142.0 74.0 952.0 1,919.0 
% within material 11.4% 27.7% 7.4% 3.9% 49.6% 100% 

 
Chi-Square Tests 

 Value df Asymptotic Significance 
(2-sided) 

Pearson Chi-Square 35.159a 8 .000 
Likelihood Ratio 35.078 8 .000 
Linear-by-Linear Association 19.754 1 .000 
N of Valid Cases 1,919   
a. 1 cell (6.7%) have expected count less than 5. The minimum expected count is 4.63. 

At last, a Chi-square test is performed to check for a relationship between the roof type and roof material. 

This may partly explain the damage results. Table 13 shows the results of the Chi-square test that is 

performed in SPSS. The table shows that there is a significant relationship of roof type with all roof 

materials. Flat roofs tend to be made from concrete, and possibly from metal. The bad performance of 

flat roofs compared to hipped roofs may explain the bad performance of concrete and metal roofs 

during Irma. Besides, the good performance of roof tiles might be explained by the fact that those are 

significantly often constructed on hipped roofs that perform well against high wind speeds.  
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Table 13: Chi-square results for roof type and roof material 
Case Processing Summary 

 Valid Missing Total 
N Percent N Percent N Percent 

Roof type x  
Roof material 

1,004 46.2% 1,169 53.8% 2,173 100.0% 

 
Roof type * Roof material Crosstabulation 

 Roof material 
Total 

Concrete Metal Roof tiles 

R
o

o
f 

ty
p

e Flat 
Count 493 278 12 783 
Expected count 392.3 329.1 61.6 783.0 
% within material 98.0% 65.9% 15.2% 78.0% 

Hipped 
Count 10 144 67 221 
Expected count 110.7 92.9% 17.4 221.0 
% within material 2.0% 34.1% 84.8% 22.0% 

To
ta

l  Count 503 422 79 1,004 
Expected count 503.0 422.0 79.0 1,004.0 
% within material 100.0% 100.0% 100.0% 100.0% 

 
Chi-Square Tests 

 Value df Asymptotic Significance 
(2-sided) 

Pearson Chi-Square 335.024a 2 .000 
Likelihood Ratio 351.148 2 .000 
Linear-by-Linear Association 326.389 1 .000 
N of Valid Cases 1,004   
a. 0 cell (0.0%) have expected count less than 5. The minimum expected count is 17.39. 
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5.4 CONCLUSION 

This chapter described the data and analyses of three different types of research methods to answer two 

sub research questions. These sub research questions are formulated as follows: ‘What are considered 
to be the most important aspects to implement urban planning policy according to professionals with 
expertise and experience with urban recovery or disaster risk reduction?’ and ‘What opportunities does 

Saint Martin have to become economically and socially more resilient?’. 

The six interviews have shown that the culture of a country plays a major role in how DRR can applied. 

There are DRR measures possible for individual buildings that require significant investments. For the 

entire island the critical infrastructure is concluded to be the most important condition for a robust and 

resilient island. Not only physical roads can be strengthened, also telecommunications should be 

upgraded since there was no communication possible from the island in the emergency phase after 

hurricane Irma. The other aspect that is emphasized most is a long-term vision that has priority over 

short-term projects. Priorities in a long-term vision are improving critical infrastructure and restricting 

to build in dangerous areas. This vision also creates the opportunity to strive for a self-sufficient island 

in terms of energy. The importance of tourism for Saint Martin cannot be altered, however there are 

changes to diversify within the tourism sector. For example, developing and stimulating ecotourism can 

be aligned with the vision to strive for a self-sufficient country.   

In the BWS, with three respondents, two items were significantly more important than the other items 

to DRR and align with the conclusion of the interview. ‘Risk reduction through preparedness and early 
warning’ and ‘strengthening critical infrastructure’  were the items that stood out significantly. 

‘Protection of cultural assets’ and ‘transparent decision-making structure’ are identified as least 

important from the 19 items extracted from literature to implement in DRR. However, due to the limited 

number of respondents, additional research is necessary to check whether these results are valid for all 

types of stakeholders. With only three respondents the results are biased by the two respondents with 

a governmental background and one with a consultancy background.  

In contrast to the theory, concrete and metal roofs did not significantly perform better in Sint Maarten 

than roof tiles in the damage analysis. However, hipped roofs did align with the theory to withstand high 

wind speeds better than flat roofs. The building type is concluded to be an important part of the urban 

planning to become more resistant to hurricanes.  
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6. CONCLUSION AND RECOMMENDATIONS 

This chapter concludes this research by evaluating the outcomes of the different research methods and 

phases. Based on these findings the main research question is answered in section 6.1. Section 6.2 

describes the scientific and practical implications of this research. Next, in section 6.3 limitations of this 

research and recommendations for further research are discussed. 

6.1 CONCLUSION 

The aim of this research was to identify how urban planning and urban recovery can be used to optimize 

disaster risk reduction on Saint Martin. The research has been conducted from an urban planners’ 

perspective. The main research question that was composed is as follows: 

“How can urban planning and urban recovery processes improve the disaster risk reduction on 

Saint Martin in relation to hurricanes?” 

In order to answer this main question, in the previous chapters the sub research questions were 

answered. For each sub research question both parts of the islands have been considered and compared. 

The sub research questions were formulated as follows: 

1. How is the urban recovery organized after hurricane strikes on Saint Martin? 
2. What regularities can be found in hurricane strikes on Saint Martin? 
3. What physical disaster risk reduction measures are suitable to implement on Saint Martin? 
4. What are considered to be the most important aspects to implement urban planning policy 

according to professionals with expertise and experience with urban recovery or disaster risk 
reduction? 

5. What opportunities does Saint Martin have to become economically and socially more resilient? 

The first three sub research questions have been answered by a literature study. The fourth and fifth sub 
research questions have been answered by interviews and Best-Worst Scaling analysis in combination 
with a damage analysis. Six interviews were held with people that have expertise on or experience with 
disaster risk reduction and urban recovery processes, whether or not concerning Saint Martin in 
particular. The BWS questionnaire was distributed among the interviewees and was completed by three 
respondents. The results should be interpreted carefully and cannot be generalized without further 
considerations due to the limited number of respondents.  

Urban recovery on Saint Martin is mainly dealt with on an ad hoc basis. A hurricane with the strength of 
hurricane Irma was never experienced before on Saint Martin. This caused lacking experience and 
procedures how to respond to the situation. The main difference between the recovery approach of Sint 
Maarten and Saint-Martin is that the citizens in Sint Maarten took initiative to reconstruct immediately 
after the hurricane. The Dutch government has taken quick action as well to start recovering to restore 
the houses of the citizens and the economy. In contrast the French citizens in general waited for actions 
from the French government, that slowly and thoroughly contemplated about their actions. One of the 
first actions the French took was to assess what areas are dangerous to live. These areas are immediately 
incorporated in their urban planning. This is a great action since a lot of damage in the future is likely to 
be avoided. Besides, whilst the centralized French organization is known for its extensive bureaucracy, 
the pace of the recovery has been faster than the Dutch. The long-term recovery activities in Sint Maarten 
that are executed with funds from The Netherlands are taking very long. This is due to the Worldbank 
that is the manager of the Dutch recovery fund. Having to assess all activities performed with this money 
by an external party causes delays in recovery and much bureaucracy. In addition, Sint Maarten is 
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perceived to continue in the same manner as before the hurricane. Single projects are performed with 
building back better in mind, but this is not applied on a larger scale. In Saint-Martin a clearer change is 
noticeable in the mindset towards taking disaster risk reduction more seriously, whilst necessary 
measures are taken in recovery of hurricane Irma.  

The literature study, interviews, BWS questionnaire and damage analysis have resulted into previously 

mentioned insights in possible improvements in the urban planning and recovery processes on Saint 

Martin. These insights are translated into a long-term urban planning vision for Saint Martin. This vision 

is developed in multiple steps. The first important step is to restrict urbanization in areas considered 

dangerous relating natural hazards. Dangerous areas are defined as areas that are susceptible to high 

wind speeds, flooding and storm surges due to hurricanes. This step has priority because the most 

important condition for disaster risk reduction is that anyone has a safe place to live. On the long-term 

relocation to safer areas is a comprehensive but achievable operation. Figure 37 shows the restricted 

zones in combination with the current urbanized areas. Approximately 1.18 km2 of currently urbanized 

area in Sint Maarten will be restricted for construction. The average density of people in Sint Maarten of 

1,150 people per square kilometer results in approximately 1,350 people that must relocate in Sint 

Maarten (Caribbean Journal, 2019). In Saint-Martin approximately 1.62 km2 is restricted for construction. 

With 569 people per square kilometer on average in Saint-Martin results in approximately 920 people 

to relocate (Caribbean Journal, 2019). Consequently, in total 2,270 people on Saint Martin must relocate 

to safer areas on the island.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Figure 37: Restricted urbanized zones and current urbanized areas 
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The second step is to allocate locations where the people can relocate to. The new construction areas 

are located on flat land and in proximity of primary or secondary infrastructure. People are tried to be 

relocated nearby their current homes to retain social ties. Therefore, the new construction areas are 

attached to existing neighborhoods. Flat land is considered most appropriate to build houses on. In 

Saint-Martin plenty of space is available. Approximately 2.13 km2 is appointed in Saint-Martin to 

accommodate the people that must relocate. This area equals space for accommodations for 1,200 

people. That means the 920 people on Saint-Martin that must relocate have enough available space to 

build a new home at approximately the same density. In Sint Maarten it is more difficult due to the twice 

as high density of people. However, there is still enough flat area in proximity of primary and secondary 

infrastructure suitable. The suitable space is approximately 1,82 km2 which equals accommodation for 

2,080 people at the same density. This is more than the 1,350 people that must relocate in Sint Maarten, 

but it creates space for expected population growth as well (Worldometers, 2019). Figure 38 shows the 

new situation on Saint Martin when the people have left the dangerous areas and live in new allocated 

construction areas. Figure 38 also shows the current primary and secondary infrastructure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 38: New urbanized areas and current infrastructure  

0        2km 

New urbanized areas 
Existing urbanized areas 
Nature 
Airport 
Primary infrastructure 
Secondary infrastructure 
Border 



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

MASTER THESIS   97 

 

The relocation process opens a window of opportunity to construct hurricane proof buildings since all 

new buildings must be constructed new. On level of individual buildings literature and this research 

show that roof types and roof material have significant influence on its hurricane resistance. The main 

focus should be to apply hipped roofs, preferably with concrete or metal roof material. However, 

whatever material is chosen to apply, attention to create strong connections is key. Figure 39 shows an 

example of what a hurricane proof building can look like. The roof is hipped and is made of metal. The 

elevated construction increases the aerodynamic performance the house. Application of such 

construction types and materials will decrease the damage after a hurricane. Policy makers should at 

least set a standard for roof type and roof material. Besides an updated zoning plan also stricter building 

codes are necessary in both Saint-Martin and Sint Maarten. However, even more important is the 

enforcement of the building codes. Practice shows that some contractors choose money over safety and 

therefore choose the cheapest way to make a building look like the construction drawings. In case of a 

hurricane it appears that those buildings cannot withstand wind speeds as it is assumed to do. Even 

when it turns out many people cannot afford this type of construction it is feasible for the government 

to help these people out in terms of funds for example since every euro spend on DRR saves 4 to 6 euros 

in reconstruction costs.  

  

 

 

 

 

 

Figure 39: Example of hurricane proof building (Robinson, 2012) 

In this research critical infrastructure has come forward as one of the most important items in disaster 

risk reduction. The critical infrastructure is essential for transportation and supply of resources after a 

disaster. Primary and secondary infrastructure have survived hurricane Irma. The only difficulty was 

blockades of debris on the roads. Figure 40 shows existing transportation links that are upgraded to 

secondary or primary infrastructure. This assures most people to be accessible often through multiple 

routes. The infrastructure is upgraded by widening and heightening the roads. Heightening the roads 

will reduce the debris on the road after a hurricane.  

Diversification of the economy is necessary to recover faster. Besides, greater self-sufficiency helps Saint 

Martin recovery faster as well. These two objectives are combined by developing agriculture. The soil is 

suitable to perform agriculture on. Crops as cassava and sweet potato used to be grown on Saint Martin 

(Yokohama, 2018). Reintroducing the crops cassava and sweet potato is appropriate on Saint Martin due 

to their insusceptibility to high wind speeds (Titus & Lawrence, 2015). The major and eatable parts of 

both crops grow subsoil. Possible flooding is relatively easy to mitigate by little channels around the 

parcels. These crops are most efficiently grown and harvested on as flat as possible land. This means the 

areas assigned to agriculture, as shown in figure 40, are located next to or in between flat urbanized 

areas. The allocated suitable locations for agriculture in Sint Maarten are approximately 22 hectares (ha) 

in total. In Saint-Martin more space is available and approximately 174 ha is allocated. Consequently, in 

total approximately 196 ha is assigned for agricultural use. Cassava in the Caribbean on average yield 
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12.9 tons per ha (Food and Agriculture Organization of the United Nations [FAO], 2013). Sweet potato 

on average yields 25 tons per ha (Nedunchezhiyan, Byju & Jata, 2012). Using half of the available 

agricultural space for cassava and the other half for sweet potato would result in 1,264 tons of cassava 

and 2,450 tons of sweet potato per year. This means significant amounts of vegetables can be grown on 

Saint Martin for processing and consumption on the island itself and for export to neighboring islands. 

Agriculture on Saint Martin will provide employment. When agriculture is a success, then production can 

be extended to the ‘dangerous areas’ where people have left can be used as farming land. This is possible 

due to the subsoil characteristics of the crops which make them suitable to grow there. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 40: Upgraded infrastructure and agriculture 
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The next step focusses on self-sufficiency, in addition to the previously mentioned agriculture. The 

contribution to sustainability and more independence concerning resources results in greater 

sustainable self-sufficiency. Currently every day an oil tanker supplies Saint Martin with fossil fuels to 

burn in electricity plants. However solar panels (PV panels) and wind turbines have potential to produce 

this energy instead (NREL, 2015). Not only the urban recovery process can be performed quicker when 

people can ensure their own resources instead of waiting for resources from abroad, it is also a matter 

of sustainability to produce energy locally from sustainable resources. Sint Maarten has a yearly energy 

demand of 372 Gigawatt Hour (GWh) and Saint-Martin has a yearly energy demand of 196 GWh. The 

energy yield is twice as high for the same PV panel in the sunny Caribbean than in for example the 

Netherlands due to the double amount of sun hours per year (3,000 on Saint Martin compared to 1,512 

on average in the Netherlands) (Kerkhof, 2017; Klimaatinfo, nd; Zonuren.nl, 2016). The approximate yield 

of energy of 1 ha PV panels is 3.1 GWh per year in the Caribbean (Wilt, 2018). As well as for the previously 

mentioned functions, Sint Maarten has limited space to accommodate additions to the current urban 

plan. However, 47.5 ha has been allocated in Sint Maarten that is suitable to place PV panels. These 

locations consist of slight slopes in all directions on the foot of hills. The top of the hills are kept green 

to ensure the current green hills. Proximity of neighborhoods or other functions are not of importance 

for the PV panel locations. Figure 41 shows the allocated locations for the PV panels. PV panels are also 

suitable to assign to the dangerous locations, if not prone to flooding, since PV panels can be relatively 

easy constructed hurricane proof (Antilliaans Dagblad, 2018). The area of 47.5 ha in Sint Maarten can 

annually generate 147 GWh. Saint Martin has much more space available. In total 135 ha of PV panel 

area is allocated in Saint Martin which will generate 418 GWh. In total the PV panels on Saint Martin can 

generate annually 565 GWh. This almost equalizes the current energy demand of 568 GWh.  

Diversification in energy supply by sun and wind energy is beneficial to have a more stable energy supply 

and to buffer for peak loads (Liander, 2019). Two locations in Saint Martin are suitable to locate wind 

turbines. Optimally wind turbines are place 500 meters from each other to avoid disturbance in the wind 

flow due to other wind turbines (Geertzen, 2019). Due to the north-east trade winds that prevail over 

Saint Martin all year around there is sufficient wind energy available and in relative stable circumstances 

(Klimaatinfo, nd). The north and east sides of the island are most suitable to allocate wind turbines, 

because the prevailing wind approaches Saint Martin predominantly from north-east. In addition, the 

north and east side of Saint Martin are least urbanized which is beneficial. One wind turbine can generate 

annually 3.5 GWh depending on the size. Both areas that are indicated in figure 41 can provide place for 

3 wind turbines with at least 500 meters distance between each other. In total 6 wind turbines, all on the 

French side with a total area of 39 ha, can generate 21 GWh per year (Windenergie Nieuws, 2019). 

Together with the PV panels the wind turbines can produce 586 GWh of sustainable and locally produced 

energy.  

The implementation and transformation of the new functions is a process on the long-term. However, 

prioritization is needed to establish phases for the measures to implement. The priorities align the order 

in which the measures are discussed. This means first the safety of the people and their dwellings is 

ensured by relocating. In this relocation process it is necessary that the new buildings are hurricane 

resistant. Next, infrastructural links are upgraded. Hereafter the assigned agricultural locations are taken 

into use and this area can in future be extended by using the locations where people have left the 

‘dangerous areas’. At last, the energy production is switched to sustainable methods by PV panels and 

wind turbines. As a comparison figure 42 shows two maps of which the left represents the current 

situation and the right represents the future situation when the phases are completed. 
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Figure 41: PV panel and wind turbine areas 

 

 

 

 

 

 

 

 

 

 

Figure 42: Current situation (left) and future situation (right) 

 

Figure 42: Current situation (left) and future situation (right) comparison 
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6.2 IMPLICATIONS 

This research started from a literature study to establish a theoretical basis and resulted in a practical 

application. The scientific and practical implications that result from this research are discussed in this 

section.  

6.2.1 SCIENTIFIC IMPLICATIONS 

This research has focused on long-term recovery, multiple aspects of recovery and multiple stakeholders 

to create a holistic view and to explore the existing knowledge. The broad scope of this research 

contrasts with existing research that mainly focusses on one stakeholder, one recovery phase or one 

particular aspect of recovery, such as environmental aspects (Hinzpeter & Sandholz, 2018), critical 

infrastructure (Pursiainen, 2018) or preparedness (Etinay, Egbu & Murray, 2018). This research 

contributes to the existing knowledge by combining and comparing literature to practical experiences. 

This led to several findings as described in the conclusion. Consensus about some aspects in recovery, 

such as the importance of community participation is not supported by findings in this research 

(Arnstein, 1969; Lawther, 2009).  

This research showed that the literature is apparently still not convincing enough to be applied with 

urgency. The clear theoretical recommendations are often not followed up, resulting in unnecessary 

damage. With this research the need for change towards more seriously implementing disaster risk 

reduction measures is once more expressed. An example is the knowledge about how to build relative 

strong houses and sustainable building plans. However, cheap and weak options are often chosen that 

result in unnecessary losses, when the building codes and plans are not complied.  

Besides, this research has made the translation of theoretical knowledge about urban recovery and 

disaster risk reduction towards a case study of the urban planning of Saint Martin. One of the things that 

this translation showed is that, although theory about urban recovery and disaster risk reduction may 

be assumed generalizable, every situation has its unique features and challenges. By means of the 

binationality of the island this research was able to compare the different approaches of both countries 

in the same situation.  

6.2.2 PRACTICAL IMPLICATIONS 

Policymakers are the responsible stakeholders that have a primary task to start implementing findings 

of this research. The findings can be used to assess the priorities of future developments on Saint Martin. 

The holistic view of this research may give all stakeholders a clearer view on the entire process and to 

understand its difficulties better. Discussions with locally involved people seem to be necessary to gather 

more applicable information because every recovery and urban planning situation is different and 

requires other actions. However, one of the regularities that was confirmed in this research was the wind 

resistant performance of hipped roofs that should be applied in all hurricane prone regions. Besides, this 

research is focused on the long-term and recommendations are not feasible to apply all at once. 

However, the window of opportunity to develop plans exists only shortly after a natural disaster. 

Therefore, it is recommended to start as soon as possible with discussing appropriate disaster risk 

reduction measures.  

 



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

102  MASTER THESIS 

 

6.3 LIMITATIONS AND RECOMMENDATIONS 

This research has been performed and composed to best abilities. However, there are limits to the 

applicability and generalizability of the conclusion. This section describes the limitations of this research, 

recommendations and ideas for future research. 

The main limitation of this research is the low number of interviewees and especially the low number of 

respondents in the BWS questionnaire. Two people per important stakeholder group were interviewed, 

but that does not necessarily represent the point of view of the entire group of stakeholders that those 

interviewees are part of. There is no sample size that would guarantee to result in the ‘right answers’, 

but the input of the respondents is rather important, although that is hard to define. The interviewees 

with the governmental background are considered to have been influential in the recovery process of 

Saint Martin. However, these stakeholders have been involved through respectively France and the 

Netherlands. Including interviews with local government officials from Saint-Martin and Sint Maarten 

would give a more accurate and holistic view.  

With more interviewees the subjectivity of the answers will be reduced. All interviewees were asked to 

complete the BWS questionnaire, however only three of them (50%) did fill it in. Distributing the BWS 

questionnaire locally and possibly via snowball sampling could result in more respondents. Now the 

BWS results must be interpreted with much care due to the low number of respondents. However, the 

most influential people in the recovery process on Saint Martin, the governmental interviewees, have 

completed the BWS questionnaire. These results are considered useful, but the overall BWS results would 

have been more useful with more respondents per group of stakeholders. For the interviews as well as 

the BWS questionnaire most respondents have had experiences with Sint Maarten. Only one interviewee 

was involved in Saint-Martin, so a more balanced sample composition is preferred. The BWS design itself 

could be considered somewhat repetitive and monotone in the last couple of questions. This made 

concentration of the respondents in the final questions more challenging and might have affected the 

choice of items. Therefore, less than 15 questions are recommended in a BWS design. Another 

recommendation is to randomize the order of choice set among the respondents to eliminate any bias. 

For qualitative research it is recommended to provide a large sample based on locally involved 

stakeholders. This is recommended to establish by going to the subject location and asking face-to-face 

to cooperate. It is perceived to be difficult to have many influential respondents or interviewees for this 

research. This difficulty may be overcome when making a trip to visit the stakeholders.  

The damage analysis would have been more accurate with data for entire Sint Maarten from the Red 

Cross. However, the Red Cross did not want to provide this data to a third party. Now, two 

neighborhoods are chosen to do the analysis for, using information that had to be manually entered in 

QGIS. The results would have been even more useful when all buildings in Saint Martin could have been 

used for analysis. A larger sample also filters out specific local circumstances for the two analyzed 

neighborhoods. This is an exploratory research and future research can consult this thesis to deepen a 

mentioned topic in disaster risk reduction or urban recovery. A recommendation for future research is 

to use GIS analysis to analyze geographic and spatial characteristics of an area, in relation to the damage 

caused by hurricanes. Besides, research is recommended to building characteristics in relation to 

hurricanes in more detail than two roof types and three roof materials. Researching the level of damage 

in relation to geological, social-economic or spatial differences between areas are likely to result in 

practical implications for local society. Based on this research more extensive investigation of land 

suitability in relation to different functions and building types is recommended.  
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APPENDIX A  

DPI Workflow 
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APPENDIX B 

Interview structure 

The research     3 mins 

Master thesis Eindhoven University of Technology 

Identifying experiences in the recovery process  
This research:  
Develop a long-term vision for Saint Martin with disaster risk reduction incorporated 

On physical, economic, social, political and ecological level 
 
Questions I want to answer through this interview: 
- What physical disaster risk reduction measures are suitable to implement on Saint Martin? 
- What are considered to be the most important aspects to implement in urban planning 

policy according to professionals with expertise and experience with urban recovery or 
disaster risk reduction? 

- What opportunities has Saint Martin to become economically and socially more resilient? 

General notes     2 min [5min] 

 I will record the conversation 
 I will check the time and try to keep it to within approximately one hour in total 
 Your name will not be mentioned in the report unless you give permission to do so 

Do you give permission to use quotes from your answers to the questions including your 
name under a quote? 

 Please bring up suggestions for improvement 
 Afterwards a little questionnaire 
 
Introduction about yourself   5 min [10min] 

 

1.1 Background, experience, area of specialization 
 

1.2 Role (and authorization) during disaster, level of involvement, duration of involvement 
 

Experiences     15 min [25 min] 

 
2.1  What are bottlenecks or difficulties in the urban recovery process you came across? 
 
2.2 Are these difficulties reoccurring in other urban recovery processes? 
 
2.3 What stakeholders have you had experiences with and in what roles? 
 
2.4 To what extent do you consider Saint Martin resilient for a future natural disaster: 
 - concerning physical aspects? 
 - concerning economic aspects? 
 - social aspects? 
 - political aspects? 
 - ecological aspects? 
 
2.5  Of the previously mentioned aspects of preparedness, where do you see most opportunities to 

improve and how would you suggest to do that? 



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

126  MASTER THESIS 

 

 
2.6 How do you assess the situation of bi-nationality of Saint Martin and its effectiveness 

regarding urban recovery? 
 
Disaster risk reduction    15 min [40min] 

 

3.1 What aspects do you consider most important to implement in disaster risk reduction policy? 
 
3.2  What concrete measures do you recommend to become more resilient to hurricanes? 
 
3.3 Thinking of the role of technological innovations, how do you think these can play a role in 

disaster risk reduction in 30 years? 
 
3.4 What changes do you see for economic developments to become less dependent on tourism 

and a more self-supportive island? 
 
3.5 How do you evaluate current disaster risk reduction practices with more intense and frequent 

hurricanes in the near future? 
 
Additional     5 min [45min] 

 
4.1 Anything to add? 
 
BWS      10 min [55min] 

 
5.1 BWS 
  



DISASTER RISK REDUCTION ON SAINT MARTIN  M.C.J. (Maarten) Bink 

MASTER THESIS   127 

 

APPENDIX C 

Interviewee information 

Christophe Gauer is chief of staff and head of coordination and communication at the interministerial 

delegation for the reconstruction of the islands of Saint-Martin and Saint-Barthélemy. In this role he is 
responsible from the French government for the design and coordination of public policies. These 

policies concern the development and resiliency regarding natural hazards and climate change in 
collaboration with the two collectivities.  

Hans Leijtens was the project-director-general Reconstruction Windward Islands. In this role he was 
responsible for the emergency help and reconstruction from the Dutch government to Sint Maarten. He 

has a background as general at the Dutch Ministry of Defense.  

Michel Tonneijck is a project manager at Royal HaskoningDHV with expertise regarding dykes, deltas 
rivers and coasts. He has been involved in various projects that incorporated DRR. Usually, elements 

regarding DRR that he takes care of are structural safety (e.g. flood protection structures) and strategic 
planning (e.g. delta planning from economic resilience to disaster resilience) 

Edgar Westerhof is National Director for flood risk and resiliency for North America at Arcadis. As a water 
consultant he has been involved in many projects regarding integrated urban water management and 

infrastructure planning and design. 

Maarten Hendriks is involved in the charity organization RebuildSXM that was founded in the aftermath 
of hurricane Irma to help the locals of Sint Maarten. He has visited Saint Martin multiple times recently 

as part of activities of RebuildSXM.  

John Sandiford is founder of the charity organization RebuildSXM. This organization is created to help 

the locals by collecting, centralizing and supplying goods. For this organization he regularly visits Saint 
Martin for meetings and events. Besides, John is born and raised on Sint Maarten. 
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APPENDIX F 

R-software commands and output 

> data=read.table("BWS for mlogit R.csv", header= TRUE, sep = ";") 
> nAltPerSet = 5 
> mlogit.data(data, choice = 'Choice', sep=",", alt.levels= paste(1:nAltPerSet)) 
 

ID Block Set Choice A B C D E F G H I J K L M N O P Q R S 
1 1 1 False 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 1 True 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 1 False 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

1 1 1 False 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

1 1 1 False 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

1 1 2 False 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 2 False 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 2 False 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 

1 1 2 True 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 

1 1 2 False 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 

1 2 3 False 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2 3 False 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2 3 True 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2 3 False 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

1 2 3 False 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

1 2 4 False -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2 4 False 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2 4 False 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 2 4 True 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 0 

1 2 4 False 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 0 0 0 0 

. . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . 

> mlogit (Choice ~ B+C+D+E+F+G+H+I+J+K+L+M+N+O+P+Q+R+S|0, data=data, alt.levels = 
paste(1:nAltPerSet) , shape="long") 

 
Call: 
mlogit(formula = Choice ~ B + C + D + E + F + G + H + I + J +   K + L + M + N + O + P + Q + R + S | 
0, data = data, alt.levels = paste(1:nAltPerSet),     shape = "long", method = "nr", print.level = 0) 
 
Coefficients: 
B C D E F G H I J 

-0.749683 1.823663 -0.070756 1.516148 4.319793 1.456899 -0.458992 0.059388 -1.957742 
K L M N O P Q R S 

1.185967 -1.361782 -2.165122 -1.099950 -0.143608 3.696310 1.237113 -0.766536 -0.030775 

        
> model = mlogit (Choice ~ B+C+D+E+F+G+H+I+J+K+L+M+N+O+P+Q+R+S|0, data=data, alt.levels 

= paste(1:nAltPerSet) , shape="long") 
> summary(model) 
 
Call: 
mlogit(formula = Choice ~ B + C + D + E + F + G + H + I + J +  
    K + L + M + N + O + P + Q + R + S | 0, data = data, alt.levels = paste(1:nAltPerSet),  
    shape = "long", method = "nr", print.level = 0) 
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Frequencies of alternatives: 
1 2 3 4 5 

0.17778 0.20000 0.22222 0.22222 0.17778 
 
nr method 
6 iterations, 0h:0m:0s  
g'(-H)^-1g = 5.51E-06  
successive function values within tolerance limits  
 
Coefficients : 
 Estimate Std. Error z-value Pr(>|z|)  
B -0.749683 0.890527 -0.8418 0.3998767  
C 1.823663 0.994161 1.8344 0.0665985 . 
D -0.070756 0.908739 -0.0779 0.9379383  
E 1.516148 0.917864 1.6518 0.0985707 . 
F 4.319793 1.147910 3.7632 0.0001678 *** 
G 1.456899 0.918497 1.5862 0.1126991  
H -0.458992 0.870693 -0.5272 0.5980846  
I 0.059388 1.058019 0.0561 0.9552375  
J -1.957742 0.918187 -2.1322 0.0329918 * 
K 1.185967 0.965855 1.2279 0.2194870  
L -1.361782 0.908387 -1.4991 0.1338424  
M -2.165122 0.909529 -2.3805 0.0172898 * 
N -1.099950 0.894462 -1.2297 0.2187967  
O -0.143608 0.923815 -0.1555 0.8764662  
P 3.696310 1.113249 3.3203 0.0008992 *** 
Q 1.237113 0.913550 1.3542 0.1756782  
R -0.766536 0.909096 -0.8432 0.3991252  
S -0.030775 1.032507 -0.0298 0.9762219  

--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Log-Likelihood: -87.978 
>ml<-mlogit (Choice ~ B+C+D+E+F+G+H+I+J+K+L+M+N+O+P+Q+R+S|0, data=data, 

alt.levels=paste(1:nAltPerSet), shape=”long” 
>ml0<-mlogit (Choice ~ B|0, data=data, alt.levels=paste(1:nAltPerSet), shape=”long”) 
>lrtest(ml,ml0) 
Likelihood ratio test 
 
Model 1: Choice ~ B+C+D+E+F+G+H+I+J+K+L+M+N+O+P+Q+R+S|0 
Model 2: Choice ~ B|0 
 #Df LogLik Df Chisq Pr(>Chisq)  
1 18 -87.978     
2 1 -143.679 -17 111.4 6.568e-16 *** 

--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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APPENDIX G 

Comparison multinomial logit versus standardized results order 

Results of Multinomial logit model order:    Standardized results order:  

Item Estimate Std. Error z-value Pr(>|z|)  
 6 4.319793 1.147910 3.7632 0.0001678 *** 
16 3.696310 1.113249 3.3203 0.0008992 *** 
3 1.823663 0.994161 1.8344 0.0665985 . 
5 1.516148 0.917864 1.6518 0.0985707 . 
7 1.456899 0.918497 1.5862 0.1126991  
17 1.237113 0.913550 1.3542 0.1756782  
11 1.185967 0.965855 1.2279 0.2194870  
9 0.059388 1.058019 0.0561 0.9552375  
1 0.000000 . . .  
19 -0.030775 1.032507 -0.0298 0.9762219  
4 -0.070756 0.908739 -0.0779 0.9379383  
15 -0.143608 0.923815 -0.1555 0.8764662  
8 -0.458992 0.870693 -0.5272 0.5980846  
2 -0.749683 0.890527 -0.8418 0.3998767  
18 -0.766536 0.909096 -0.8432 0.3991252  
14 -1.099950 0.894462 -1.2297 0.2187967  
12 -1.361782 0.908387 -1.4991 0.1338424  
10 -1.957742 0.918187 -2.1322 0.0329918 * 
13 -2.165122 0.909529 -2.3805 0.0172898 * 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

 

 

 

 

 

Item Standardized result 
6 0.833 
16 .0750 
7 0.333 
5 0.333 
17 0.250 
3 0.250 
11 0.167 
15 0.000 
4 -0.083 
1 -0.083 
9 -0.083 
19 -0.111 
8 -0.167 
2 -0.250 
14 -0.250 
18 -0.250 
12 -0.500 
10 -0.583 
13 -0.583 


