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FORWARD 
We are in a state that must live with risk. It shapes our 

planning, policy, and development.  

The need for good data and information to support the 

planning is vital. With financial support from the World Bank, 

the Uttarakhand State Government has engaged experts to 

complete a disaster risk assessment of the entire state so 

that it can understand the threat from natural hazards and 

the exposure of communities and critical infrastructure.  

The project has assessed the threat and potential consequences of flooding (both fluvial and flash 

floods) earthquakes, landslides and industrial hazards in Uttarakhand. The project has developed 

a comprehensive inventory of data for hazards and assessed the likelihood and consequences of 

these hazards in future. This is the first attempt to develop an integrated disaster risk inventory for 

the state and is an important step to support our future decision-making and planning. 

The key project outputs ς A Digital Risk Data Base, Risk Atlas, exposure maps and open source tools 

- will benefit Uttarakhand as follows: 

1. The DRDB will help each line department to update Annual District Disaster Management 

Plans and State Disaster Management Plans; 

2. The disaster risk zones can be demarcated based on the available data and maps; 

3. The project outputs will refine and realign the SOP (Standard Operational Procedures) 

during disaster preparedness and disaster response; 

4. The DRDB, hazard mapping, modeling will help integration and teaming up of all line 

departments. 

This is an important step in continuing journey for our administration. We are committed to 

improving our capacity to reduce risk in the short, mid, and long term. We are learning from the 

past to improve our risk based planning and development, and we are implementing technological 

solutions to help predict threats, manage responses, mitigate risk in our communities, and to 

protect our citizens.  

I am pleased to commit this final report to you. 

 

Shri Trivendra Singh Rawat 

Chief Minister, December 2018  
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EXECUTIVE SUMMMARY 

THE PROJECT 

The Disaster Risk Assessment of Uttarakhand was commissioned under the Uttarakhand 

Disaster Recovery Project in 2016 and concluded on the 31st January 2019.  

DHI Water & Environment (DHI) lead the team with key experts participating from ERN 

Mexico and Asian Institute of Technology (AIT). The consortium also collaborated tightly 

with the Earth Observatory Singapore, TESRA Engineers and Architects (India), and 

Prestels Engineers (India). 

The project is the first attempt to quantify the risk and expected losses (economic and 

human) associated with earthquakes and flooding across the entire state. In addition, the 

project assessed the exposure of infrastructure and people to landslides, flash floods, and 

industrial hazards. 

The results of the assessment are reported at state, district, and block level. 

 

KEY OUTPUTS 

The key outputs of the project include: 

1. Data, including: 

o Comprehensive data on hazards, exposure, and risk for the entire state for 

all hazard classes, and 

o Improved inventories of infrastructure and demographic data. 

2. State Atlas of Risk 

3. Disaster Risk Assessment Toolkit, including 

o R-CAPRA Probabilistic Risk Assessment Platform 

o Online Risk Database for data exchange and reporting 

o Hazard Modelling Software, including R-CRISIS and MIKE Flood 

4. Hotspot Risk Reduction Strategies: 

o 5 x Strategic Plans for Urban wƛǎƪ άIƻǘǎǇƻǘǎέ 

o 5 x Strategic Plans for Rural wƛǎƪ άIƻǘǎǇƻǘǎέ 

o 4 x Strategic Plans for Tourism wƛǎƪ άIƻǘǎǇƻǘǎέ 

5. Comprehensive Training and Capacity Building Package 

The report is submitted in four (4) volumes. 
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The content of each volume is summarised as follows: 

VOLUME 1 ¶ Introduction to the Project 

¶ Methods for Modelling Hazards and Risk 

¶ Summary of Results 

¶ Introduction to Risk Hotspots 

¶ Overview of the Risk Tool Kit Deployed Under the Study 

¶ Recommendations for Improving Risk Assessment Over Time 

VOLUME 2 Fourteen standalone Hotspot Risk Reduction Strategies for  

¶ Five (5) Urban 

¶ Five (5) Rural, and 

¶ Four (4) Tourism  

locations where the USDMA can focus mitigation and risk reduction 

activities with a discernible positive impact. 

VOLUME 3 The comprehensive state-wide Atlas of Risk, which is a product that 

the Joint Venture has developed to supplement the main study 

outputs and to help district level authorities understand their 

exposure, vulnerability, and risk at District and Block Level. 

VOLUME 4 Appendices with field and workshop report, training materials, and 

other important supporting material. 

The full report set is available to download from the USDMA website 

(www.usdma.uk.gov.in). 

http://www.usdma.uk.gov.in/
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Our DRA JV experts view this as a strong first step towards embedding risk based planning 

in to the disaster risk reduction in Uttarakhand. This collection of tools and resources will 

now require a concerted effort on behalf of the GovUk to maintain them and to improve 

them continuously. 

 

RISK & EXPOSURE RESULTS 

An online dashboard of risk available via the USDMA website provides a summary of the 

Average Annual Losses (AAL), Probable Maximum Losses (PML), and exposure for the 

state and individual district and blocks for each portfolio.  

This is an interactive a navigable dashboard. Graphs and tables are easily downloaded for 

reporting purposes. 
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Earthquakes & Fluvial Floods 

The combined Average Annual Losses (AAL) for specific infrastructure portfolios due to 

probabilistic flood and earthquake events is shown here. This is an indication of the 

expected losses in economic terms. 

 

The combined expected human losses associated due to probabilistic flood and 

earthquake events is shown here. 
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The top four districts contributing most to the total expected losses for the state are (in 

order from highest to lowest): Dehradun, Haridwar, Udham Singh Nagar, and Nainital. 

Earthquakes dominate the expected losses and the damage is, potentially, widespread. 

The following diagram summarises the exposure of critical infrastructure and people to 

earthquakes. It indicates that the portfolios most exposed to the Very Strong earthquakes 

are Hydropower Stations, Health Centers, Educational Institutes (incl. Schools), and 

Fire/Police Stations, and Transport Hubs. 
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Flash Floods 

The exposure of infrastructure to flash flood risk is summarised as follows: 

 

Most infrastructure and people are not routinely exposed to flash flood risk under a 100yr 

reoccurrence interval. However, flash floods can occur with localized and devastating 

consequences. Zonation to reduce exposure and early warning systems are effective 

mitigation measures. 
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Landslides 

The following figure simply summarises the exposure of all portfolios to landslides. Roads 

and hydropower facilities are most exposed. 

 

Industrial Hazards 

¶ Most industrial facilities in Uttarakhand are light industry or pose no catastrophic 

threat. However, chronic pollution and illegal dumping remain a concern outside the 

scope of this assessment. 

¶ There are 3 districts that are assessed to have facilities that pose most threat from 

potential industrial hazards; namely Udham Singh Nagar, Hardiwar and Dehradun.  

¶ 23 industrial facilities are identified as hazardous in which 16 are in Udham Singh 

Nagar District, 1 in Dehradun District and the remaining 6 in Haridwar District. 
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¶ Most of these hazardous industries are located in the district of Udham Singh Nagar. 

There were 9 industries (~12%) who denied giving the data required for this study and 

it is unknown whether or not they use and/or store hazardous chemicals.  

¶ It has been noted that Haridwar District is also under high risk because the industries 

present in these districts are situated in densely populated and constructed areas. 

¶ The facility HRD 2 - Indane Bottling Plant, is located in Badrabadh Industrial Estate, 

which is situated in a very densely populated region thus some steps should be taken 

for the communitiesΩ safety. 

 

KEY RECOMMENDATIONS 

The state of Uttarakhand is rapidly changing and its risk profile is changing. Risk is dynamic. 

Therefore, the Government of Uttarakhand must invest in implementation of the 

recommendations arising from this study, and in the continuous improvement of the 

database and the upkeep of the Atlas in order that they remain relevant and useful for 

risk based planning and risk reduction.  

Recommendations and strategies for risk reduction are grouped in to seven (7) priority 

areas.  

1. Improvement of Capacity to Undertake and Apply Disaster Risk Assessment 

2. Improvement of Disaster Risk Awareness & State Level Capacity for DRR 

3. Enhancement of State Level DRM Policy and Planning 

4. Reduction of Seismic & Landslide Threats to People & Infrastructure 

5. Reduction of Fluvial and Flash Flood Threats to People & Infrastructure 

6. Reduction of Social Vulnerability 

7. Implementation of Strategies to Reduce Threats to Tourism Sector 

Several critical and immediate steps are required in order to ensure successful 

implementation of the recommendations and applications of risk assessment in the state 

of Uttarakhand. 

1. Implement a strong policy on disaster risk management and reduction, 

incorporating strong mitigation and planning requirements for municipal and 

district authorities. 

2. Invest in Community Based Disaster Risk Management and amplify the activities 

building risk aware and resilient communities. 

3. Ensure there is an annual update of the Atlas and Risk Profile of the state. 
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4. Secure commitments from line agencies to continually improve their asset 

inventories and data about their asset portfolios. 

5. Build the recommendations arising from this study in to the state level and district 

level disaster risk management plans to strengthen the mid and long term 

mitigation plans. 

6. Enhance the technical capacity of USDMA and DMMC to understand and apply risk 

assessments; 

7. Continue to train line agencies and nodal officers in the application of risk based 

planning for mitigation of disaster risk; 

8. Invest in the hotspot risk reduction strategies accompanying this report. 
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1 INTRODUCTION 

 

1.1 OVERVIEW OF THE PROJECT 

1.1.1 Objectives and Scope 

¦ǘǘŀǊŀƪƘŀƴŘΩǎ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ {ǘŀǘŜ DƻǾŜǊƴƳŜƴǘΩǎ ŀōƛƭƛǘȅ ǘƻ ƛƳǇƭŜƳŜƴǘ 

effective disaster risk reduction strategies and measures in the long-term. Without effective DRR 

there can be no sustainable development, and Uttarakhand is a rapidly developing state1 with 

ambitious economic goals. 

The Disaster Risk Assessment of Uttarakhand (DRA) was commissioned under the Uttarakhand 

Disaster Recovery Project in 2016 and concluded on the 31st January 2019.  

The project has been funded by the World Bank and implemented under the Disaster Recovery 

Programme of Uttarakhand (UDRP). The UDRP itself was established to facilitate rapid and strong 

recovery after the devastating floods of 2013 and the DRA is one of several projects under this 

programme. 

The implementation of the study was coordinated by the Project Implementation Unit (PIU) under 

UDRP and fully executed by a Joint Venture (DRA JV) comprising DHI Water & Environment (S) Pte 

Ltd, ERN International, and the Asian Institute of Technology (AIT). The DRA JV has collaborated 

                                                        

1 Uttarakhand has ranked consistently in the top 4 fastest growing states in India since 2014 and is presently ranked as 
the second fastest growing state economy. 

The content of this report is guided by the Terms of Reference (ToR) of the study and 

captures the key outcomes of the project, whilst placing an emphasis on the hazard 

assessment methods as this is required under the ToR.  

In this specific section of the report, we introduce the report structure, the project context 

and objectives, and we describe the overall approach taken for the DRA study. 

This section of the report also provides an introduction of the State of Uttarakhand for 

readers unfamiliar with the project context. Since the focus of this report is on results and 

hazard assessment methods, the reader is referred to the Inception Report for further 

background information on the State. 



 

Uttarakhand Disaster Risk Assessment Page 2 

with local and international counterparts, including the Earth Observatory Singapore, TESRA, 

Prestels Engineers (India), Bindu Society, and Lime Agency Singapore to ensure the satisfactory and 

timely completion of this risk assessment. 

The objective of this study has been to strengthen mid to long term planning and mitigation through 

helping the GovUk ǘƻ άǳƴŘŜǊǎǘŀƴŘ ƛǘǎ ǊƛǎƪέΣ ŀ ƪŜȅ Ǝƻŀƭ ǳƴŘŜǊ ǘƘŜ {ŜƴŘŀƛ CǊŀƳŜǿƻǊƪΦ  

The study was comprised of six (6) components and each component has involved several key tasks. 

All components were tightly interrelated. 

Component 1 collated, analysed and prepared all input data to facilitate hazard modelling executed 

in later steps. Component 2 delivered structural and socioeconomic data used to derive the 

vulnerability and exposure datasets required for the risk modelling. Component 3 made use of the 

collated data to deliver hazard related datasets generated by best-in-class hazard modelling tools. 

Component 4 dealt with the risk modelling and the quantification of risk and exposure across the 

state. In addition, Component 4 included the development of risk reduction strategies for άhot-

spotsέ ƛŘŜƴǘƛŦƛŜŘ in Uttarakhand. Component 5 developed and delivered the IT solution required to 

store and share the data among agencies and public which is the DRDB (acronym for disaster risk 

database). Finally, Component 6 has focused on capacity building, engagement, and training of 

GovUk staff and the final project reporting. 

Figure 1.1 depicts the study components and the tasks within each component. 

 

Figure 1.1: Components of the Disaster Risk Assessment Project 
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The DRA has set out to quantify the risk and exposure from five (5) types of hazard: 

¶ Earthquakes; 

¶ Fluvial Floods; 

¶ Flash Floods; 

¶ Landslides; and 

¶ Industrial catastrophe2. 

For fluvial, or riverine, floods and for earthquakes, the exposure of infrastructure and people has 

been estimated and the total risk has been assessed probabilistically. The results are reported at 

block, district, and state level.  

For flash floods, landslides, and industrial hazards it is not feasible to model the risk 

probabilistically. Instead, a deterministic approach has been taken and the exposure of 

infrastructure and people to these hazards has been estimated. The results are reported at block, 

district, and state level. 

This overall approach is consistent with the terms of reference for the study. 

An important overall objective has been to ensure that the process of risk assessment is ongoing 

and repeatable for USDMA and district level officers. Hence, the DRA JV has ensured the transfer 

of scalable and flexible tools that will help do this (for instance, CAPRA for risk computation and the 

Online Risk Database for exchange and communication of exposure data and results). 

The key questions we are seeking to answer through this work are as follows. 

¶ What hazards are most likely and severe? 

¶ Where are people and infrastructure most exposed? 

¶ Where and why are people and infrastructure most vulnerable? 

¶ What human activity is increasing the likelihood or intensity of a hazard? 

¶ What factors increase exposure and vulnerability? 

¶ What can be done to manage these factors? 

¶ What strategies can be committed to reduce risk? 

 

 

                                                        

2 Chronic pollution in the vicinity of larger industrial facilities remains a concern but it was not under the scope of the 
DRA to assess this. 
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1.1.2 Schedule of Delivery 

The core project work components were delivered in a timeframe of 26 months with an additional 

2 months required for final contract closure. Figure 1.2 illustrates the schedule and the overlapping 

components. 

 

Figure 1.2: The DRA Project Schedule 

1.1.3 About This Report 

This report is the final output from the Disaster Risk Assessment of Uttarakhand (DRA) completed 

in January 2019. 

It is written for risk management and planning practitioners in the Government of Uttarakhand 

(GovUk) and, specifically, the leadership of the Uttarakhand Stake Disaster Management Authority 

ό¦{5a!ύΦ Lǘ ŀƭǎƻ ǿǊƛǘǘŜƴ ŦƻǊ 5ƛǎǘǊƛŎǘ [ŜǾŜƭ hŦŦƛŎŜǊǎ ŀƴŘ ǎǘŀŦŦ ƻƴ ǘƘŜ άŦǊƻƴǘ ƭƛƴŜέ ƻŦ Ǌƛǎƪ ƳŀƴŀƎŜƳŜƴǘΦ 

The report is submitted in four (4) volumes. 

 

The content of each volume is summarised as follows: 
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VOLUME 1 ¶ Introduction to the Project 

¶ Methods for Modelling Hazards and Risk 

¶ Summary of Results 

¶ Introduction to Risk Hotspots 

¶ Overview of the Risk Tool Kit Deployed Under the Study 

¶ Recommendations for Improving Risk Assessment Over Time 

VOLUME 2 Fourteen standalone Hotspot Risk Reduction Strategies for  

¶ Five (5) Urban 

¶ Five (5) Rural, and 

¶ Four (4) Tourism  

locations where the USDMA can focus mitigation and risk reduction 

activities with a discernible positive impact. 

VOLUME 3 A comprehensive state-wide Atlas of Risk, which is a product that the Joint 

Venture has developed to supplement the main study outputs and to help 

district level authorities understand their exposure, vulnerability, and risk 

at District and Block Level. 

VOLUME 4 Appendices with field and workshop report, training materials, and other 

important supporting material. 

The report is available to download from the USDMA website (www.usdma.uk.gov.in). 

  

Disclaimer 

Whilst this study is a key aspect of disaster risk reduction, it is only the first step in 

a lengthy process of maturation of the state level risk planning management 

capacity. The outputs from this study facilitate long-term mitigation & planning 

and are not for engineering design purposes, real time monitoring or response 

planning. 

The DRA JV Partners are not accountable for the application of this information for 

risk reduction planning, and are not accountable to the results of the planning 

efforts. 

http://www.usdma.uk.gov.in/
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1.1.4 Key Project Outputs 

The key products arising from the project that are intended to have a lasting benefit in the state 

are: 

1. A comprehensive inventory of all input datasets for the hazard models. 

2. Statewide hazard maps for the entire state and reusable model outputs. 

3. Greatly improved inventories of infrastructure, communities, and social vulnerability. 

4. ! άǘƻƻƭ ōƻȄέ ƻŦ ǎƻŦǘǿŀǊŜ ƛƴŎƭǳŘƛƴƎ /!tw! ŀƴŘ ŀ ōŜǎǇƻƪŜ ƻƴƭƛƴŜ ǇƻǊǘŀƭ ŦƻǊ Řŀǘŀ ŜȄŎƘŀƴƎŜΦ 

5. Statewide Atlas of Risk detailing exposure, vulnerability and risk to Block level. 

6. CƻǳǊǘŜŜƴ άIƻǘǎǇƻǘέ Ǌƛǎƪ ǊŜŘǳŎǘƛƻƴ ǎǘǊŀǘŜƎƛŜǎΦ 

7. Training materials. 

Our DRA JV experts view this as a strong first step towards embedding risk based planning in to the 

disaster risk reduction in Uttarakhand. This collection of tools and resources will now require a 

concerted effort on behalf of the GovUk to maintain them and to improve them continuously. 

1.1.5 Strategies for Project Success 

The process of completing a multi-hazard risk assessment in a compressed timeframe has 

presented many challenges. However, the team adopted several strategies to ensure timely 

completion and to facilitate a positive outcome to the project programme. These include: 

¶ Perform the components of the study in an overlapping and not in a truly linear programme. 

¶ Deliver additional tools and resources beyond the terms of reference to empower the GovUk 

to repeat and refine the analyses on an ongoing basis (for instance, CAPRA, the Atlas of Risk, 

and training in the use of the hazard modelling tools). 

¶ Engagement and awareness at the State (2 workshops), District (12 workshops), and Divisional 

(2 workshops) levels to validate collated data, preliminary findings, and to raise awareness of 

risk based planning and effective disaster risk reductions across the state. 

¶ Engagement and alignment with Vetting Agency (IIT Roorkee) was essential to ensure that local 

domain expertise was codified in the models and approach conducted for the study. It was vital 

to ensure that the review process was collaborative and not adversarial, and we can confirm 

that this has been a successful aspect of the project. 

¶ Local recruitment to build capacity and bolster geospatial data management and risk modelling 

functions. Six (6) local staff were engaged and based out of Dehradun.  

¶ The DRA JV maintained strong local presence with a local office and training facility. 

¶ To encourage effective handover of the tools and data, the DRA JV initiated Component 6 early 

and from the onset of the project. District Level workshops were initiated in month 4 and 
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training of USDMA began 12 months before project conclusion. Additionally, training 

opportunities have arisen given the local presence and we have capitalised on this opportunity 

to provide additional training beyond the initial requirement. 

1.2 POST PROJECT ROAD MAP 

The state of Uttarakhand is rapidly changing, and its risk profile is changing. Risk is dynamic. 

Therefore, the Government of Uttarakhand must invest in implementation of the 

recommendations arising from this study, and in the continuous improvement of the database and 

the upkeep of the Atlas in order that they remain relevant and useful for risk based planning and 

risk reduction.  

Several critical steps are required in order to ensure successful implementation of the 

recommendations and applications of risk assessment in the state of Uttarakhand. 

1. Implement a strong policy on disaster risk management and reduction, incorporating strong 

mitigation and planning requirements for municipal and district authorities. 

2. Invest in Community Based Disaster Risk Management and amplify the activities building 

risk aware and resilient communities. 

3. Ensure there is an annual update of the Atlas and Risk Profile of the state. 

4. Secure commitments from line agencies to continually improve their asset inventories and 

data about their asset portfolios. 

5. Build the recommendations arising from this study in to the state level and district level 

disaster risk management plans to strengthen the mid and long term mitigation plans. 

6. Enhance the technical capacity of USDMA and DMMC to understand and apply risk 

assessments; 

7. Continue to train line agencies and nodal officers in the application of risk based planning 

for mitigation of disaster risk; 

8. Invest in the hotspot risk reduction strategies accompanying this report. 

1.3 UNDERSTANDING RISK ASSESSMENT AND REDUCTION 

1.3.1 What is Risk? 

The risk posed by a specific hazard can be described as a function of the magnitude of the hazard, 

the vulnerability towards the hazard, and the exposure (severity) of the impact: 
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All dimensions of risk are highly variable in both space and time. 

¶ Hazards: Quantitatively defined by the likely frequency of occurrence of different intensities for 

different areas, derived from historical data sets and covering events including earthquakes, 

landslides, flash floods and industrial hazards;  

¶ Exposure: People, property, systems, or other elements present in hazard zones that are 

thereby subject to potential losses; with options for disaggregation of incidence by income level 

(i.e. impact on the poor), geographic area (i.e. to identify areas for urgent intervention), and 

sector (e.g. government/public, commercial/ industrial, residential); and  

¶ Vulnerability: Quantitative and qualitative (proxy) measures of the damages and losses incurred 

to the exposed elements-at-risk (e.g. people, property, systems) by different intensities of the 

various hazards considered. 

 

The relationship between these three aspects of understanding risk is illustrated in Figure 1.3. 

 

Figure 1.3: Framework for risk assessment, illustrating the relationship between hazard, exposure and 
vulnerability to derive risk 
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1.3.2 Probabilistic vs Deterministic Risk Assessment 

Given the limitations in historic records, probabilistic 

risk assessment uses models underpinned by sound 

scientific and engineering knowledge to simulate those 

future catastrophes that are likely to occur. Probabilistic 

models recreate the intensity of a large number of 

synthetic events across a full spectrum of probabilities 

of occurrence. Uncertainty is factored in to the 

assessment and probabilistic models tend to produce a 

more realistic assessment of the over risk or expected 

losses. 

In contrast, the deterministic approach typically models specific scenarios, where the input values 

are known and the outcome is observed. Both approaches have value. 

 

1.3.3 Risk Management & Reduction 

Risk management is the process through which risk is evaluated before strategies are introduced 

to manage and mitigate the threat (Smith and Petley, 2008).  

As Crozier (2005) noted, the key drivers for the successful management of risk must be an 

awareness of threat, a sense of responsibility plus a belief that the threat can be managed or at 

least reduced. In an ideal world, the risk management procedure follows a clear set of priorities in 

which the highest levels of risk are addressed first. In order to develop such a priority list, a detailed 

quantitative risk assessment of all relevant factors and processes is required. This is a difficult task, 

not least because of the need to balance the relative significance of losses from high and low 

frequency events.  

Risk management itself is often considered to be focused upon the prevention, mitigation and 

preparedness elements of this cycle, although the other elements are also important. Prevention, 

which forms part of this cycle, is only to a limited extent achievable.  

The present project focuses on the aspect of pre-disaster protection of the risk reduction cycle. 

However, this does not mean the other half of the cycle will be completely neglected. Therefore, 

the basis of a risk management system will be developed that, in a later stage, may be expanded to 

act a basis for post-disaster recovery as well. For example, information generated for pre-disaster 

protection can be used (perhaps after adaptation) for pinpointing areas that most urgently require 

post-disaster recovery and for selection of effective and efficient post-recovery measures. Besides, 

While historical losses can explain 

the past, they do not necessarily 

provide a good guide to the 

future; most disasters that could 

happen have not happened yet 

UNISDR, 2013 
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due to the modular approach of the system, decision-making and action protocols for pre-disaster 

protection can be supplemented with protocols for post-disaster recovery.  

As can be seen in Figure 1.4, pre-disaster protection consists of risk assessment, mitigation, 

preparedness and emergency plans. 

 

 

Figure 1.4: The reduction of risk through pre-disaster protection and post-disaster recovery activities. The 
time-scales needed for the activities shown may range from hours (emergency evacuation) to decades 

(rebuilding damaged infrastructure) (Source: Smith and Petley, 2008). 

As shown above, the primary elements of pre-disaster protection are: 

¶ Risk assessment: Involves the identification of a hazard, the accumulation of data and the 

preparation of loss estimates; 

¶ Mitigation: Measures are taken in advance of disaster strikes, aimed at decreasing or 

eliminating the loss. Various long term measures, such as the construction of engineering 

works, insurance and land use planning are used; 

¶ Preparedness: Reflects the extent to which a community is alert to disaster and covers short-

term emergency planning, hazard warning and temporary evaluation procedures plus the 

stockpiling of supplies.  












































































































































































































































































































































































































































































































































































































